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Oxidosqualene cyclase (OSC) or Lanostrol Synthase is one of the major enzyme in cholesterol 
biosynthesis. OSC is involved in conversion of squalene to lanosterol. Increased level of cholesterol in 
blood leads to hypercholesterolemia and major risk factor for cardiovascular diseases. Statin drug 
molecule is developed to inhibit HMGCoA, which is the first enzyme of cholesterol biosynthesis showed 
major side effects. Insilico predictions based on the crystal structure of OSC are performed. Active 
molecular docking studies using GOLD software reveals 4-piperidinopyridine and 4-
piperidinopyrimidine (piperidino derivatives) are potent inhibitors of OSC and satisfy ADME properties. 
The PASS (Prediction of Activity Spectra for Substances) prediction results show the inhibiting activity 
of OSC enzyme. 
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INTRODUCTION 
  
Hypercholesterolemia is a condition characterized by 
very high levels of cholesterol in blood, have a high risk 
of developing heart disease and also cause angina, 
tendon xanthomas, xanthalasmata, achilles tendons 
(Genetic Home, 2007). A large scale trials therapy 
demonstrated that cholesterol level lowered by 3-hydroxy 
3-methyl coenzyme A (HMGCoA) reductase inhibitors 
(Gavin, 2000). Statins, a class of hypercholesterolemia 
agents are well established agents for lowering plasma 
cholesterol levels and have wide spread agent for 
lowering plasma cholesterol levels, have wide spread 
therapeutic used in the treatment of cardiovascular 
disease that led to search for other novel inhibitors of 
cholesterol biosynthesis pathway (David, 1987; John et 
al., 2006)   

Oxidosqualene cyclase (OSC) is involved in conversion 
of squalene to lanosterol in cholesterol biosynthesis 
pathway, identifying drug-drug interactions involving OSC 
is vital for improving therapy of hypercholesterolemia, 
thus would lead to the development of more effective less 
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toxic drug regimes (Jean-Didier, 2005; Michael et al. 
1996). 

Insilico models have potential use in the discovery and 
optimization of novel molecules, with affinity to the target, 
clarification of absorption, distribution, metabolism, 
excretion and toxicity properties as well as 
physiochemical characterization (Ekins et al., 2007). 

Docking is an important in the study of protein ligand 
interaction properties such as binding energy, geometry 
complementarity, electron distribution, hydrogen bond 
donor acceptor, hydrophobicity and polarizability thus 
molecular docking contribute a major role in the drug 
discovery in the identification of innovative small 
molecular scaffold, exhibiting the important properties 
with selectivity for the target together with reasonable 
ADME profile, lead and or drug likeness (Krvoat et al., 
2005) 

GOLD, the first algorithm to be evaluated on a large 
data set of complex posses, an empirical free energy 
scoring function that estimates the free energy of binding 
permitting inhibition constant for protein ligand complex. It 
is a package of program for structure visualization and 
manipulation for docking, the post processing and 
visualization of the results (Jones, 1997). 
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MATERIALS AND METHODS 
 
Preparation of protein molecule 
 
The experimental structure of human oxidosqualene cyclase (OSC) 
(PDB ID: 1GSZ) as shown in Figure 2 was retrieved from the 
RCSB protein data bank as a PDB file. The protein molecules were 
prepared mainly by using the software Swiss PDB viewer. Active 
site residues within a range of 4.0 A0 were selected and saved in 
PDB format. Later, the active site residues were minimized in Argus 
Lab (4.0.1) after adding hydrogen bonds (Akifumi, 2009). 
 
 
Preparation of ligand 
 
The ligand compounds 4- piperidino pyridine and 4- piperidino 
pyrimidine were drawn using ACD/ Chemsketch (12.0) (Alex, 2009) 
and saved in mol 2 format. The saved ligand compounds were later 
imported and minimized in Argus Lab after adding hydrogen bonds. 
The molecules thus obtained were saved in PDB format. 
 
 
Argus Lab 
 
Argus Lab is an electronic structure program that is based on the 
quantum mechanics; it predicts the potential energies, molecular 
structures, geometry optimization of structure, vibration frequencies 
of co-ordinates of atoms, bond length, bond angle and reaction 
pathway (Cheng, 2003). 

The energy (E) of the molecule is calculated as E= E stretching + 
E bending + E torsion + E vander Waals + E electrostatic + E 
hydrogen bond +cross term. These terms are of importance for the 
accurate calculation of geometric properties of molecules. The set 
of energy functions and the corresponding parameters are called a 
force field (Afshan, 2009). 
 
 
Genetic algorithm 
 
Genetic algorithm (GA) is a computer program that mimics the 
process of evolution by manipulating a collection of data structures 
called chromosomes. It is also stochastic optimization methods and 
provides a powerful means to perform directed random searches in 
drug designing (Shahper, 2008). It study properties of QSAR, 
utilizes the novel representation of the docking process, each 
chromosome encodes an internal conformation and protein active 
site and includes a mapping from hydrogen-bonding sites in the 
ligand and protein (Seiburg, 1990; Rajasekhar et al., 2010). On 
decoding a chromosome, fitness is evaluated by PLS (partial least 
squares) cross validation  to position the ligand within the active site 
of the protein, in such a way that as many of the hydrogen bonds 
suggested by the mapping are formed (Kimura et al., 1998). 
Docking of flexible ligands to macromolecules is paramount in 
structure based drug design, few programs that work with GA also 
enable automated docking; another application of GA is the 
automated generation of small organic molecules using lipophilicity, 
electronic properties and shape related properties for calculation of 
the scoring function (Nissink et al., 2002). 
 
 
Docking using GOLD 
 
Genetic algorithm was implemented in GOLD v 3.2 that was applied 
to calculate the possible conformations of the drug that binds to the 
protein (Selvaraj, 2008). The genetic algorithm parameters used 
are population size-100, number of islands-5, niche size-2, 
selection pressure-1.1, migrate-2, number of operators-100,000, 
mutate-95, cross over-95. During docking process, a maximum of 
10   different   conformations   was   considered  for  the  drug.  The 

 
 
 
 
conformer with highest binding score was used for further analysis 
(Girija et al., 2010) 
 
 
ADME/ toxicity testing 
 
\ADME (absorption, distribution, metabolism, and excretion) 
determines drug like activity of the ligand molecules based on 
Lipinski rule of 5 (Konstantin, 2005). Increasing clinical failures of 
new drugs call for a more effective use of ADME/TOX technologies, 
becoming more advanced and reliable in terms of accuracy and 
predictiveness, an increase in their usage is expected during the 
initial development and screening phase of innovative drugs. New 
computational methods including consensus modeling show 
promise for increase in the accuracy of Insilco ADME-TOX 
prediction used for virtual screening in lead optimization (Gregory, 
2004). 
 
 
PASS prediction 
 
The prediction of activity spectra for substances predicts the 
biological activity spectrum (BAS) (Sohelia et al., 2001) of a 
compound represents the complex of pharmacological and 
physiological effects and biochemical mechanisms of actions, 
specific toxicity (mutagenecity, carcinogenecity, teratogenecity and 
embryotoxicity) for a compound on the basis of its structural formula 
(Poroikov, 2000). 

Figure 1 show the structure of piperidinoderivatives of 4-
piperidinopyridine and 4-piperidinopyrimidine. 
 
 
RESULTS AND DISCUSSION 
 
In assessment using GOLD 3.2, OSC showed better 
affinity with piperidino derivatives. Our receptor retrieved 
from protein data bank (PDB ID: 1GSZ) is a complex 
structure of OSC with anticholesteremic drug (drug Id 
RO-4A-8071). Target protein has four identical chains A, 
B, C, D with similar active sites, Hence B chain has 
chosen for analysis. The possible active site was 
identified using Swiss PDB viewer, It is found 12 active 
site amino acid residues as TRP 169, ALA 170, ILE 261, 
PRO 263, TRP 312, PHE 365, ASP 374, ASP  376,  ASP 
377, TYR 420, PHE 437, TRP 489 by the removal of 
complexed anticholesteremic drug. Therefore it is chosen 
as a most biologically favorable site for docking. The 
conformational stability structure of OSC and piperidino 
derivatives were obtained by energy minimization using 
Universal Force Field performed in Argus Lab software. 
 
 
Docking of piperidino derivatives to OSC 
 
Docking of piperidino derivatives with OSC was 
performed using GOLD. The algorithm exhaustively 
searches the entire rotational and translational space of 
the ligand with respect to the receptors. The various 
solutions evaluated by a score, which is equivalent to the 
absolute value of the total energy of the ligand in the 
protein environment. The  best  docking  solutions  GOLD 
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                     (a)                                                 (b)  
 
Figure 1. Structure of piperidinoderivatives (a) 4-piperidinopyridine and (b) 4-piperidinopyrimidine. 

 
 
 

Table 1. GOLD scores and interactions of anticholesteremic drug and piperidino derivatives. 
 

S/N Compound 
Interaction 
(D-H…A) 

Hydrogen bond distance 
between donor and acceptor (Å) GOLD score 

1 Anticholesteremic (Co-crystal ligand) TYR420 (NH…N) 2.606 52.04 

2 4-piperidino pyridine 
 (TYR 420) N-
H…O, (TRP312)  
N-H…N 

2.471 
2.490 

62.21 

 
3 4-piperidino pyrimidine ASP376 (NH…O) 2.296 64.7 

 
 
 

 
 
Figure 2. Structure of oxidosqualene cyclase. 

score for each compound was considered. 
It was noted that GOLD scores of 4-piperidinopyridine 

and 4-piperidinopyrimidine was 64.7 and 62.21, 
respectively, which is greater than anticholesteremic drug 
score value 52.04 as shown in Table 1, Figures 3 and 4. 

The drug like activity of the ligand molecules are 
characterized using ADME properties. Anticholesteremic 
drug and piperidino derivatives satisfy Lipinski rule of 5 
and ADME properties results are shown in Table 2. 

The biological activity of piperidino derivatives were 
predicted using PASS by analyzing the parameters of 
probabilities of presence (pa) and probabilities of 
absence (pi). Activities of the molecules are shown in 
Tables 3 and 4. 
 
 
Conclusion 
 
OSC is the most recent potent drug target for 
hypercholesterolemia; the  active  site  residues  of   OSC
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Table 2. Shows ADME properties of piperidino derivatives and anticholesteremic drugs. 
 

���� � �� �

� 	
 �

� �� ��� � ����
� � � ��� � � �

� � ��
� �� ��� ���
� � � ��� �

� � ��

� �� ��� ���
� � � ��� �

� � �

� �� ��� ����
� � � ��� � �

� � �

� �� ��� ���
� � � ��� � �

� � �

� �� ��� ���
� � � ��� �

� � �

� �� ��� ����
� � � ��� �

��

� �� ��� �

� ��

� �� ��
�

��� ��

� �� ��� 	� ����
� � � ��� 	� �

� �� � �

� �� ��� ���
� � � ���

�� � �

� �� �����
� � � ���

� � � � �

� �� �����
� � � ��� �

 �� �

� �� ��� ���
� � � ��� � � �

�� ��� �� � ��	 �
 � �� � ��	 �
 � � � ���� �� �� �� ��� �� �� ��� ��� ������ �� �� �� ��  ��� �

�� ��� �� � ��	 �
 � �� � ��� �	 �
 � � ������ �� �� �� ��� �� �� ��� ��� ������ �� �� �����  ��� �

�� � 
 ��� � � �� � �� �� � �� �	 �� � � ������ �� �� �� ��� �� �� ��� �� ������ �� �� ����� ������
 

Lig- ligand, M.W- molecular weight, DRS- donors, ARS- acceptors, FB- flexible bonds, RB- rigid bonds, R- ring number, RL- ring length, C- carbons, nC- non carbons, C/nC- ratio non carbons/carbons, 
#Chr- number of charges, Chr- total charge, Log p- log p (octanol/water), PSA- polar surface area. 

 
 
 

          4-piperidino pyridine                              4-piperidino pyrimidine  
 
Figure 3. Shows the docking results of piperidino derivatives with OSC. 
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Table 3. Activity for 4-piperidino pyridine. 
 
Activity prediction 
2.3-Oxidosqualene-lanosterol cyclase inhibitor 

Possible activities at Pa > 30% 
Pa Pi Activity 

0.807 0.013 Neuropeptide agonist  
0.632 0.007 Polarisation stimulant  
0.670 0.046 Nootropic  
0.564 0.025 Cognition disorders treatment  
0.523 0.048 Vasodilator. cerebral  
0.456 0.001 2.3-Oxidosqualene-lanosterol cyclase inhibitor  
0.442 0.016 Antiobesity  
0.434 0.034 Atherosclerosis treatment  
0.461 0.061 Alpha-7 nicotinic receptor agonist  

 
 
 

Table 4. Activity for 4-piperidino pyrimidine. 
 
Activity prediction 
2.3-Oxidosqualene-lanosterol cyclase inhibitor 

Possible activities at Pa > 30% 
Pa Pi Activity 

0.877 0.004 Neuropeptide agonist  
0.637 0.007 Polarisation stimulant  
0.593 0.001 2.3-Oxidosqualene-lanosterol cyclase inhibitor  
0.570 0.024 Cognition disorders treatment  
0.600 0.075 Nootropic  
0.533 0.008 Antiobesity  
0.472 0.057 Alpha7 nicotinic receptor agonist  
0.877 0.004 Neuropeptide agonist  
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Figure 4. Comparisons of GOLD scores. 
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were predicted using Swiss PDB viewer. The refined 
models of OSC and piperidino derivatives were obtained 
after energy minimization using the Argus Lab software. 
The stable model of OSC was further used for virtual 
docking of piperidino derivatives. It is well known that 
hydrogen bonding plays an important role in the structure 
and function of biological molecules, especially for 
inhibition in a complex. Piperidino derivatives play a vital 
role in holding the molecule at a place at the active site of 
OSC by hydrogen bonds. Applying Lipinski’s rule of 5 to 
piperidino derivatives to evaluate drug likeness 
(absorption, distribution, metabolism and excretion), there 
was no violation of the rule determining drugs 
pharmacological activity in the body. PASS prediction 
reveals that 4-piperidino pyridine and 4- piperidino 
pyrimidine are potential inhibitor for OSC as target for 
hypercholesterolemia forming a hydrogen bonding and 
with non-bonded interaction to act as a drug candidate 
yet pharmacological study will confirm it to be promising 
in future.  
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