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Drug designing is the approach of finding drugs by design, based on their
biological targets. Typically a drug target is a key molecule involved in a
particular metabolic or signaling pathway that is specific to a disease
condition or pathology, or to the infectivity or survival of a microbial
pathogen. The structure of the drug molecule that can specifically inter-
act with the biomolecules can be modeled using computational tools.
These tools can allow a drug molecule to be constructed within the
biomolecule using knowledge of its structure and the nature of its active
site. Construction of the drug molecule can be made inside out or out-
side in depending on whether the core or the R-groups are chosen first.
However many of these approaches are plagued by the practical prob-
lems of synthesis. One of the computational tools used in drug designing
is �chemsketch�, which works with 65% accuracy. The drug structure was

downloaded from the drug database and the structure is modified by in-
troducing alcohol, methyl, sodium hydroxide etc. onto the functional
groups of the drug. The new drugs obtained undergo various molecular
modeling and dynamics to reduce their energy levels. Docking is per-
formed using geometrically optimized molecules as ligands and protein
DNA topoisomerase I as protein, converting their chemsketch forms into
PDB format using SPDB viewer. HEX software is used for this purpose.
 2014 Trade Science Inc. - INDIA

INTRODUCTION

Cancer is a class of diseases or disorders char-
acterized by uncontrolled division of cells and the
ability of these cells to spread, either by direct
growth into adjacent tissue trough invasion, or by
implantation into distant sites by metastasis (where
cancer cells are transported through the blood stream

or lymphatic system). Cancer may affect people at
all ages, but risk tends to increase with age. It is one
of the principal causes of death in developed coun-
tries.

Cell division or cell proliferation is a physi-
ological process that occurs in almost all tissues and
under many circumstances. Normally the balance be-
tween proliferation and programmed cell death is
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tightly regulated to ensure the integrity of organs and
tissues. Mutations in DNA that lead to cancer dis-
rupt these orderly processes. The uncontrolled and
often rapid proliferation of cells can lead to either a
benign tumor or a malignant tumor (cancer). A brain
tumor is a noncancerous (benign) or cancerous (ma-
lignant) growth in the brain, whether it originates in
the brain or has spread (metastasized) to the brain
from another part of the body. Brain tumors are
equally common among men and women, but some
types are more common among men and others are
more common among women. Brain tumors are oc-
curring with increasing frequency among older
people.

DNA topoisomerases play important roles in
basic cellular biology. Recently they have been iden-
tified as the molecular targets of a variety of phar-
maceutical agents. Some of the drugs that target the
topoisomerases are anticancer drugs. These antican-
cer drugs work by a novel mechanism of action. They
inhibit the topoisomerase molecule from religating
DNA strands after cleavage. This leaves a cell with
DNA breaks, which if not repaired, become lethal.
In other words, these drugs convert the
topoisomerase molecule into a DNA damaging agent.
This is a stoichiometric relationship. Each antican-
cer drug molecule has the potential of interacting
with one topoisomerase molecule to cause one DNA
lesion. The clinical implication of this mechanism
of drug action is that sensitivity to topoisomerase
targeting drugs should be dependent on high
topoisomerase levels.

Camptothecin is an alkaloid (348 molecular
weight) produced by the Chinese tree Camptotheca
acuminata and was identified as an antineoplastic
agent in the 1960s by Wall and Wani. Early studies
with camptothecin indicated that cellular exposure
to the drug resulted in DNA breaks; the interaction
with topoisomerase I was identified by Liu and col-
leagues in the 1980s.  Because the camptothecin al-
kaloid is relatively insoluble in aqueous solutions,
initial clinical trials with camptothecin used a so-
dium salt derivative.

Although responses occurred in these trials, se-
vere myelosuppression or cystitis was observed fre-

quently, and the drug was deemed too toxic for clini-
cal use. Subsequently, it was discovered that in the
salt derivatives, the lactone at position 20 in
camptothecin is hydrolyzed to a carboxylic acid, with
this ring opening significantly decreasing the activ-
ity of the compound. Further development of
camptothecins led to two water-soluble derivatives,
topotecan and irinotecan, that can be delivered as
lactones and are currently approved for the treat-
ment of cancer. Several other camptothecin analogues
are in clinical development.

Hydroxycamptothecin (SN-38) Camptothecin is
a five-ringed heterocyclic alkaloid Certain substi-
tutions in the A ring may augment topoisomerase
poisoning, presumably by increasing drug binding
to the topoisomerase I-DNA cleavage complex.  By
contrast, substitutions in the E ring often abrogate
activity. Indeed, the stereochemistry of C20 in the E
ring is critical, with the (R)-isomer inactive.
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16

N
2
O

5
 is the molecular formula of this com-

pound. It has a molecular weight of 364.36 with a
formulation of light yellow white crystalline pow-
der and 98% purity. Irinotecan is a prodrug; the
piperidino group present at C10 is hydrolyzed by
plasma or tissue carboxylesterases to SN-38, which
is much more active than irinotecan in inducing
topoisomerase I-mediated DNA damage.

There are two other notable derivation strate-
gies that have produced drugs currently in clinical
testing: (1) 7 silyl congeners, designed to enhance
lipophilicity and stabilize the E ring lactone, and
(2) 20 esters, designed as prodrugs to prevent hy-
drolysis of the E ring. The present findings, as well
as other reports that the hydroxy lactone ring of
camptothecin is critical for antitumor activity in vivo,
correlate with the structure-activity relationships at
the level of topoisomerase I and support the hypoth-
esis that antitumor activity is related to inhibition of
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this target enzyme.
This study is concerned with the modeling of a

new drug for brain cancer making DNA
topoisomerase as a target and camptothecin as the
drug used. The drug is modified structurally and its
derivatives obtained as such are tested for their af-
finities in binding with the protein.

MATERIALS AND METHODS

Materials

Chemsketch software, 10-hydroxycamptothecin,
Hex 0.8 software.

Methods

The method used for modeling a new drug for
brain cancer aiming DNA topoisomerase I as target
and 10-hydroxycamptothecin as ligand includes the
following steps:
1 Drawing chemical structure of the ligand using

chemsketch software
2 Converting it to 3D structure.
3 Measuring bond distances, bond angles and tor-

sion angles.
4 Performing Single point calculation, Geometry

optimization by setting the molecular mechan-
ics to force field.

5 Measuring the optimized values.
6 The chemical structure of ligand molecule is

then changed by causing variation in its R group;
as such 9 new different molecules have been
designed.

7 The same procedure that�s followed for the

ligand molecule is undergone.
8 The protein into which the ligand molecule is

fit is considered and the same protein is used
for the rest 9 molecules to check the optimiza-
tion energy that is obtained using  force field,
when fit into the protein.

9 The ligand derivatives after undergoing opti-
mization along with protein are made devoid
of protein and the optimization values are cal-
culated using the force fields

10 These calculated energy values are denoted as
�Y

1
�.

11 The optimized ligand molecule and its deriva-
tives are converted to PDB format along with
the selected protein and docking is performed
using HEX  software.

12 The best rankings of the considered molecules
are obtained and the fitness energy of each mol-
ecule is noted down

Description of the methods mentioned above

Method 1

Chemsketch

It is a versatile molecular modeler and editor
and a powerful computational package. It offers many
types of molecular and quantum mechanics calcula-
tion.

It includes functions like:
� Drawing molecules from atoms and converting

them to 3D models.
� Constructing proteins and nucleic acids from

standard residues
� Using molecules from other sources like

Brookhaven PDB files and rearranging them.
� Setting up and directing chemical calculations

including molecular dynamics, by various me-
chanical or abinitio methods and graphing the
results.

� Solvating molecules in a periodic box

Single point calculation

Single point calculations determine the molecu-
lar energy and properties for a given fixed geom-
etry. It determines the total energy (in Kcal/mole)
and the gradient of a molecular system or of selected
atoms in one particular calculation. With a semi
empirical or ab- initio method, a single point calcu-
lation also determines the electron (charge) distri-
bution in the system. The name �single point� re-

flects the fact that we calculate a single pre-selected
configuration.

Geometry optimization

Geometry optimization is used to find minima
on the potential energy surface, with these minimum
energy structures representing equilibrium structures.
Optimization also is used to locate transition struc-
tures, which are represented by saddle points (The
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highest point on the pathway between two minima is
known as saddle point with the arrangement of at-
oms being in the transition structure) on the poten-
tial energy surface.

Optimization to minima is also referred to as
energy minimization. During minimization, the en-
ergy of molecules is reduced by adjusting atomic
coordinates. It is applied to model-built structures
as well as to those derived from coordinate data
banks. Energy minimization is done when using ei-
ther molecular mechanics or quantum mechanics
methods and it must precede any computational
analyses in which these methods are applied. For
example, geometry optimization can be used to
a characterize a potential energy surface.
b obtain a structure for a single-point quantum me-

chanical calculation, which provides a large set
of structural and electronic properties.

c prepare a structure for molecular dynamics
simulation - if the forces on atoms are too large,
the integration algorithm may fail.

The energy obtained from the potential energy
function at the optimized geometry is sometimes
called a steric or conformational energy. These en-
ergies can be used to calculate differences between
stereo isomers and between isologous molecules (i.e.,
those differing in connectivity but having the same
number of each type of functional group). These en-
ergies apply to molecules in a hypothetical motion-
less state at 0 Kelvin. Additional information is
needed to calculate enthalpies (e.g., thermal ener-
gies of translation, vibration, and rotation) and free
energies (i.e., entropy). The geometry of a molecule
determines many of its physical and chemical prop-
erties. This is why it is very important that we un-
derstand the geometry of a molecule when running
computations. In computational chemistry we are
specifically concerned with optimizing:
� Bond angles
� Bond distances (angstroms)
� Dihedral angles (degrees)

The repulsion forces of the valence electrons di-
rectly affect the size of the bond angle. The bond
angle is the angle formed by two pairs of valence
electrons and the central atom that connects the two.

The stronger the repulsion strength, the larger the
bond angle. The torsional energy is defined between
every quartet of bonded atoms, and depends on the
dihedral angle ö made by the two planes incorpo-

rating the first and last three atoms involved in the
torsion. Torsional motions are generally hundreds
of times less stiff than bond stretching motions. The
reason for including torsional energies is to ensure
the correct degree of chain rigidity.  They mimic the
steric hindrance of neighboring atoms and their side-
groups to rotation about the chain axis.

The non-bonded energy represents the pair-wise
sum of the energies of all possible interacting non-
bonded atoms. The non-bonded energy accounts for
repulsion, Vander Waals attraction, and electrostatic
interactions. The determination of a molecule�s ge-

ometry has been fairly simple: identify the valence
electron pairs and determine the geometry. Accord-
ing to VSEPR model, the geometry of a molecule is
determined by the repulsion forces of its valence
electron pairs However, the VSEPR model is only a
visual model and does not give us the detail needed
in computational chemistry. For computational chem-
istry we need to be more precise by using cartesian
coordinates, bond lengths and bond angles to find
the optimal molecular geometry.

The arrangement of atoms in the molecules and
more specifically thelectrons around the atom de-
termine the energy level of that molecule. In fact, the
energy of a molecular system varies even with small
changes in its structure. This is why geometry is so
important when performing calculations. The objec-
tive of a geometry optimization is to find the point at
which the energy is at a minimum because this is
where the molecule is most stable and most likely to
be found in nature. It is, therefore, the purpose of
geometry optimizations to locate the minima based
on some geometry for the molecule. Programs gen-
erally work to find a stationary point, a point on the
potential energy surface where the forces are zero.
They do this by first calculating the first derivative
of the energy (also known as the gradient).

At the minima, of the gradient the derivative of
the energy with respect to its coordinates is zero,
and has thus reached a stationary point. Geometry
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optimization calculations employ energy minimiza-
tion algorithms to locate stable structures. Two mini-
mization algorithms are provided.

Steepest descent algorithm

The steepest descent algorithm is an old math-
ematical tool for numerically finding the minimum
value of a function, based on the gradient of that
function. Steepest descent uses the gradient function
(or the scalar derivative, if the function is single-
valued) to determine the direction in which a func-
tion is increasing or decreasing most rapidly. Each
successive iteration of the algorithm moves along
this direction for a specified step size, and the re-
computes the gradient to determine the new direc-
tion to travel. This calculation moves directly down
the steepest slope of inter-atomic forces on the po-
tential energy surface. This method makes limited
changes to the molecular structure and is useful for
correcting bad starting geometry or removing bad
contacts. It is most effective when the molecular sys-
tem is far from minimum, and it is less satisfactory
for macro-molecular systems.

Polak Ribiere method

Polak Ribiere method is a conjugate gradient
method using one-dimensional searches converging
more quickly than steepest descent, but using slightly
more memory. RMS gradient - The root-mean-square
(RMS) gradient is set to determine the end of the
calculations. When the RMS gradient is less than
the value we enter, the calculation ends. Cycles - A
number is entered to limit the number of search di-
rections. The default value is 15 times the number
of atoms. In vacuo - It removes the periodic bound-
aries from the calculation. Periodic boundary con-
ditions: Uses the periodic boundary conditions that
exist for the molecular system.

Molecular mechanics

Four force fields provide computationally con-
venient methods for exploring the stability and dy-
namics of molecular systems. Added flexibility of
user defined atom types and parameters. Along with
MM+, a general purpose force field three special-
ized bimolecular force fields: Amber, BIO+, and

OPLS, Mixed Mode Calculations are used.
HyperChem�s molecular mechanics methods have

many applications to the study of molecular struc-
ture and stability. Some typical applications are:
� Calculating relative conformational energies of

a series of analogous structures.
� Re-optimizing a peptide after introducing a se-

lective mutation.
� Refining structures prior to more rigorous quan-

tum mechanics calculations.
� Assessing possible steric effects in a reactive

intermediate.
To simulate the effects of solvent attenuation of

electrostatic interactions, Chemsketch offers a dis-
tance-dependent dielectric constant option for se-
lected force fields.

Molecular dynamics

One of the principal tools in the theoretical study
of biological molecules is the method of molecular
dynamics simulations (MD). This computational
method calculates the time dependent behavior of a
molecular system. MD simulations have provided
detailed information on the fluctuations and confor-
mational changes of proteins and nucleic acids.
These methods are now routinely used to investi-
gate the structure, dynamics and thermodynamics of
biological molecules and their complexes. They are
also used in the determination of structures from x-

ray and from NMR experiments.
The molecular dynamics method was first intro-

duced by Alder and Wainwright in the late 1950�s
(Alder and Wainwright, 1957, 1959) to study the
interactions of hard spheres. The first molecular dy-
namics simulation of a realistic system was done by
Rahman and Stillinger in their simulation of liquid
water in 1974 (Stillinger and Rahman, 1974).

The first protein simulations appeared in 1977
with the simulation of the bovine pancreatic trypsin
inhibitor (BPTI) (McCammon, et al, 1977). Today
in the literature, one routinely finds molecular dy-
namics simulations of solvated proteins, protein-
DNA complexes as well as lipid systems address-
ing a variety of issues including the thermodynam-
ics of ligand binding and the folding of small pro-
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teins. The number of simulation techniques has greatly
expanded; there exist now many specialized tech-
niques for particular problems, including mixed
quantum mechanical - classical simulations that are
being employed to study enzymatic reactions in the
context of a full protein.

MD is a form of computer simulation wherein
atoms and molecules are allowed to interact for a
period of time under known laws of physics, giving
a view of the motion of the atoms. Because molecu-
lar systems generally consist of a vast number of
particles, it is impossible to find the properties of
such complex systems analytically; MD simulation
circumvents this problem by using numerical meth-
ods. One of MD�s key contributions is creating

awareness that molecules like proteins and DNA are
machines in motion. MD probes the relationship be-
tween molecular structure, movement and function.It
is a specialized discipline of molecular modeling
and computer simulation based on statistical mechan-
ics.

Biological molecules exhibit a wide range of
time scales over which specific processes occur;
for example:
1) Local Motions (0.01 to 5 Å, 10-15 to 10-1 s)

a Atomic fluctuations
b Side chain Motions
c Loop Motions

2) Rigid Body Motions (1 to 10Å, 10-9 to 1s)
a Helix Motions
b Domain Motions (hinge bending)
c Subunit motions

3) Large-Scale Motions (> 5Å, 10-7 to 104 s)
a Helix coil transitions
b Dissociation/Association
c Folding and Unfolding
Molecular dynamics simulations permit the study

of complex, dynamic processes that occur in bio-
logical systems. These include, for example,
� Protein stability
� Conformational changes
� Protein folding
� Molecular recognition: proteins, DNA, mem-

branes, complexes
� Ion transport in biological systems and provide

the mean to carry out the following studies,
� Drug Design

Design of a molecular dynamics simulation
should account for the available computational power.
Simulation size (n=number of particles), time step
and total time duration must be selected so that the
calculation can finish within a reasonable time pe-
riod. However, the simulations should be long
enough to be relevant to the time scales of the natu-
ral processes being studied. To make statistically
valid conclusions from the simulations, the time span
simulated should match the kinetics of the natural
process. Otherwise, it is analogous to making con-
clusions about how a human walks from less than
one footstep. Most scientific publications about the
dynamics of proteins and DNA use data from simu-
lations spanning nanoseconds (1E-9s) to microsec-
onds (1E-6s).

For simulating molecules in a solvent, a choice
should be made between explicit solvent and im-
plicit solvent. Explicit solvent particles must be cal-
culated expensively by the force field, while im-
plicit solvents use a mean-field approach. The im-
pact of explicit solvents on CPU-time can be 10-
fold or more. But the granularity and viscosity of
explicit solvent is essential to reproduce certain
properties of the solute molecules. In all kinds of
molecular dynamics simulations, the simulation box
size must be large enough to avoid boundary condi-
tion artifacts. Boundary conditions are often treated
by choosing fixed values at the edges, or by em-
ploying periodic boundary conditions in which one
side of the simulation loops back to the opposite
side, mimicking a bulk phase.

Molecular dynamics simulations compute clas-
sical trajectories for molecular systems. Quantum
forces can be used to model reactive collisions.
Heating, equilibration, and cooling periods can be
employed for simulated annealing and for studies of
other temperature dependent processes. Both con-
stant energy and constant temperature simulations are
available. Temperature is an important parameter to
be considered in MD simulations as molecules
behaviour is highly dependent on it. Commonly we
have experience with macroscopic temperatures,
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which involve a huge number of particles. But tem-
perature is a statistical quantity.

If there is a large enough number of atoms, sta-
tistical temperature can be estimated from the in-
stantaneous temperature, which is found by equating
the kinetic energy of the system to nk

B
T/2 where n is

the number of degrees of freedom of the system. A
temperature-related phenomenon arises due to the
small number of atoms that are used in MD simula-
tions. In the canonical ensemble, moles (N), volume
(V) and temperature (T) are conserved. It is also
sometimes called constant temperature molecular
dynamics (CTMD).

In NVT, the energy of endothermic and exother-
mic processes is exchanged with a thermostat. A
variety of thermostat methods are available to add
and remove energy from the boundaries of an MD
system in a realistic way, approximating the canoni-
cal ensemble. Popular techniques to control tempera-
ture include the Nosé-Hoover thermostat and

Langevin dynamics.

Method 2

Docking

Three-dimensional molecular structure is one of
the foundations of structure-based drug design. Of-
ten, data are available for the shape of a protein and
a drug separately, but not for the two together. Docking
is the process by which two molecules fit together
in 3D space. In the field of molecular modeling,
docking is a method which predicts the preferred
orientation of one molecule to a second when bound
to each other to form a stable complex. Knowledge
of the preferred orientation in turn may be used to
predict the strength of association or binding affin-
ity between two molecules using for example scor-
ing functions.

Docking is frequently used to predict the bind-
ing 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 de-
sign of drugs. Molecular docking can be thought of
as a problem of �lock-and-key�, where one is inter-

ested in finding the correct relative orientation of

the �key� which will open up the �lock� . Here, the

protein can be thought of as the �lock� and the ligand

can be thought of as a �key�. Molecular docking may

be defined as an optimization problem, which would
describe the �best-fit� orientation of a ligand that

binds to a particular protein of interest.
However since both the ligand and the protein

are flexible, a �hand-in-glove� analogy is more ap-

propriate than �lock-and-key�. During the course of

the process, the ligand and the protein adjust their
conformation to achieve an overall �best-fit� and

this kind of conformational adjustments resulting in
the overall binding is referred to as �induced fit�.

The focus of molecular docking is to computationally
stimulate the molecular recognition process.

The aim of molecular docking is to achieve an
optimized conformation for both the protein and
ligand and relative orientation between protein and
ligand such that the free energy of the overall system
is minimized.

Method 3

HEX (HEXADECIMAL 0.8)

HEX (hexadecimal) is a genetic algorithm for
docking flexible ligands into protein binding sites.
Hex is an interactive protein docking  and molecular

superposition  program, written by Dave

Ritchie. Hex understands protein and DNA structures

in PDB format, and it can also read small-molecule

SDF files. As of October 2013, there have been about
33,000 downloads. It provides all the functionality
required for docking ligands into protein binding
sites from prepared input files and it is meant to be
used in conjunction with a modeling program since
we will be required to create and edit starting mod-
els, e.g. add all hydrogen atoms, including those nec-
essary for defining the correct ionization and tauto-
meric states of the residues. Input files will also need
to be created in the appropriate format and the re-
sults visualized in third party software. Commonly
used molecular modeling environments include
SYBYL and Insight II.

Binding free energy

This energy is the minimum energy required by
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Molecule 4

Molecule 5

Molecule 1

Molecule 2

Molecule 3

Molecule 6

Molecule 7

Molecule 8

Molecule 9

Molecule 10

Figure 1 : Molecular weight, R-group and 3-D strctures of ligands (Molecules 1-10)
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the ligand molecule to bind to the target with maxi-
mum stability. The stable state of the molecule ob-
tained with the protein-ligand optimization is used
for the calculation of binding free energy. The most
rapid methods for estimation of binding free ener-
gies are so-called empirical or knowledge-based
(statistical) scoring approaches, which are based on
very simple energy functions or on the frequency of
occurrence of different atom-atom contact pairs in
complexes of known structure, respectively. The sim-
plicity of the energy function along with the lack of
conformational sampling and explicit water treat-
ment makes these approaches very fast, but usually
at the cost accuracy.

Binding affinity

In biochemistry, a ligand is a molecule that is
able to bind to and form a complex with a
biomolecule to serve a biological purpose. In a nar-
rower sense, it is an effector molecule binding to a
site on a target protein, by intermolecular forces such
as ionic bonds, hydrogen bonds and Van der Waals
forces. The docking (association) is usually revers-
ible (dissociation).

Actual irreversible covalent binding between a
ligand and its target molecule is rare in biological
systems. ligand binding to receptors alters the chemi-
cal conformation, i.e. the three dimensional shape
of the receptor protein. The conformational state of
a receptor protein determines the functional state of
a receptor. The tendency or strength of binding is

Ligand R-Group Molecular Formula 
Molecular 

Weight 
Ligand Optimization 
Energy With Protein 

Total Energy 
(kcal/mol) 

1 C2H5 C18H16N2NaO2 315.321 13.167852 37.5337 

2 CCl2OH C17H12CL2N2NaO3 386.184 13.689668 62.2183 

3 CF2OH C17H12F2N2NaO3 353.274 12.201728 77.191 

4 CH2CH2CH3 C19H18N2NaO2 329.347 10.784 65.4239 

5 CH2OH C17H14N2NaO3 317.293 11.320295 58.973 

6 CH3 C17H14N2NaO2 301.294 10.331671 50.9474 

7 Cl C16H11ClN2NaO2 321.712 10.677284 56.155 

8 H C16H12N2NaO2 387.267 7.587224 53.8309 

9 NH3 C19H18N2NaO2 329.347 8.764965 58.1226 

10 OH C16H12N2NaO3 303.267 12.136456 57.687 

TABLE 2 : Molecular characteristics of ligands

Ligand R-Group Chemical Name 

1 C2H5 [2,3] dihydro-1 H-pyrrolo [3,4-b] quinoline [1,4] ethyl-3-(hydroxymethyl) pyridio-2(1H)-one 

2 CCl2OH 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,4]-[dichloro(hydroxyl)methyl]-3-
(hydroxymethyl)pyridine-2(1H)-one 

3 CF2OH 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,4]-[difloro(hydroxyl)methyl]-3-
(hydroxymethyl)pyridine-2(1H)-one 

4 CH2CH2CH3 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3]-(hydroxymethyl)-4-propylpyridin-2(1H)-
one 

5 CH2OH 2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3],4-bis(hydroxymethyl) pyridine-2(1H)-one 

6 CH3 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3]-(hydroxymethyl-4-methylpyridine-2(1H)-
one 

7 Cl 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3]-chloro-3-(hydroxymethyl)pyridine-2 (1H)-
one 

8 H 2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3]-(hydromethyl)pyridine-2(1H)-one 

9 NH3 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,3]-(hydroxymethyl)-4-propylpyridin-2-(1H)-
one 

10 OH 
2-methyl-2,3-dihydro-1 H-pyrrolo[3,4-b]quinoline[1,4]-hydroxy-3-(hydroxymethyl)pyridine-2-
(1H)-one 

TABLE 1 : List of chemical names and R-groups of ligands
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Bond angle Bond Distance 
R-group 

3D structure Optimized structure 3D structure Optimized structure 

C2H5 

H-O-C =109.47 
H-C-C =119.99 
C=C-H=119.89 
C-N=C=117.58 
C-C-H =111.93 

C-O-H =120.13 
C-C-H =120.07 
C-C-H =120.3 
C-N=C=116.34 
C=C-H=120.53 

C-O =1.36A 
C=C =1.33A 
C-N =1.408A 
C=O=1.22A 
C-C =1.45A 

C-C =1.405A 
C=C =1.416A 
N=C =1.36A 
N-C =1.37A 
C=O =1.23A 

CCl2OH 

H-C-O=109.09 
C-O-C=109.54 
C-C-Cl=109.47 
C-O-H=109.47 
Cl-C-O=109.47 

C-N=C=120 
O=C-C=120.36 
Cl-C-O=108.27 
C-C-Cl=111.39 

C-N =1.320A 
C=O=1.22A 
C-H =2.143A 
C-O =1.43A 
C-C l=1.76A 

C-N=1.488A 
C=N=1.511A 
C-Cl=1.76A 

CF2OH 

H-O-C =109.47 
C-N=C=117.58 
C-C-F =109.47 
F-C-F =109.47 

C-O-H =108.441 
H-O-C =108.76 
C-C-F =110.20 
F-C-F =108.76 

C-H=1.43A 
N-C=1.49A 
C-F=1.36A 
C-O=1.43A 

C-H =1.08A 
N-C =1.37A 
C-F =1.49A 
C-O =1.41A 

CH2CH2CH3 

H-O-C =109.471 
H-C-C =119.999 
C=C-H =119.89 
C-N=C =117.581 
N=C=O=121.893 
H-C-H =109.47 

C-O-H =120.135 
C=C-H =119.726 
C-N=C =116.3456 
C=C-H =120.539 
N=C=O=120.247 
H-C-H = 108.35 

C-H=1.09A 
N-C=1.49A 
C-O=1.43A 

C-N = 1.353A 
C-O =1.41A 

CH2OH 

H-O-C=109.47 
O-C=C=119.71 
C=C-H=120.98 
C=C-N=121.22 
H-C-N=119.38 

C-O-H=120.09 
O-C=C=120.64 
C=C-H=119.26 
H-C-N=120.52 
C-N=C=121.13 

O-H =0.960A 
O-C =1.36A 
C-H =1.08A 
C=N =1.520A 

O-H=0.959A 
O-C=1.350A 
C=N=1.305A 
C-N=1.41A 

CH3 

C-N=C=117.58 
C-C-H=109.09 
C-O-C=109.49 
H-O-C=109.47 
H-C-H=109.47 

C=N-C =120.394 
C=C-H =119.871 
H-C-H =108.99 
C-O-H =108.441  

C-O=1.36A 
C-N=1.408A 
C-H=1.09A 

C-H =1.08A 
C-O =1.41A 
C-N = 1.353A 

Cl 

C-O-H =109.47 
O-C-Cl =109.39 
N=C=O=121.76 
C-C-H =111.90 

N=C=O=120.42 
O-C-C =108.98 
C-O-H =108.58 
H-C-C =122.65 
O-C-Cl =109.76 

C=N=1.511A 
C=O=1.22A 
C-O=1.43A 
C-Cl=1.76A 

C=N=1.520A 
C-O=1.36A 

H 

C-N=C =120 
N=C=O=121.76 
C-C=O =121.76 
O-C-O =109.39 

N-C-H =111.71 
C-C-N =106.15 
N=C=O=120.42 
C-C=O =120.72 

C=N =1.511A 
C-H =2.143A 
C-O =1.43A 

C-H=1.08A 
C=N=1.305A 
C=O=1.23A 

NH3 

H-C-C=119.99 
C-N=C=117.58 
N=C=O=121.89 
C-C-N=109.47 
H-N-H=109.47 
H-N-C=109.47 

C-C-H=111.996 
C=N-C=120 
C-C- N=109.00 
N-C-O=107.24 
H-N-H=106.82 
H-N-C=111.90 

C-N=1.07A 
C=O =1.22A 
C-H =1.43A 

C-N=1.04A 
H-C=1.08A 

OH 

H-O-C=109.47 
O-C=C=119.71 
C=C-H=119.38 
H-C-N=119.38 
C-C=N=118.58 
N=C=O=121.76 

N-C-H=111.71 
C-C-N=106.15 
N=C=O=120.42 
C-C-H=110.92 
O-C-C=108.98 
C-O-H=108.58 

O-C=1.36A 
C-H=1.08A 
C=N=1.520A 

O-C=1.350A 
C-H=1.08A 
C=N=1.305A 

TABLE 3 : Measurement of bond distances, bond angles and torsion angles for a 3D structure of ligand and its
derivatives
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called affinity. Ligands include substrates, inhibi-
tors, activators, and neurotransmitters.

RESULTS AND DISCUSSION

The measurement of bond distances, bond angles
and torsion angles for a 3D structure of ligand and
its derivatives along with the molecular dynamics
and monte carlo simulations followed by
optimisation energy values are tabulated and noted
as follows:

CONCLUSION

Molecular modeling method has been used for
modeling a new molecule for brain cancer using
10hydroxycamptothecin, a drug which�s already de-

signed. This drug is drawn using chemsketch, and
its R group is modified by replacing different func-
tional groups like OH, NH

3
, H, CH

2
OH, F, Cl, CH

3

etc in its place. The molecules designed as such are
optimized using different algorithms and their affin-
ity is checked with the protein. The binding free en-
ergy of the protein is calculated by performing dock-
ing process. The molecule with minimum binding
energy will have the maximum binding affinity. The
binding free energy is calculated by the formula Z =
Sum of the energy of optimized ligand devoid of sol-
vation parameters and the energy of the protein-
ligand optimization. The binding free energy of the
designed molecules is obtained by eliminating the
energy of the main molecule i.e.,
10hydroxycamptothecin. From the results obtained
its clear that ligand 5 and 3 have the maximum bind-
ing affinity. So these molecules are determined as
the best lead molecules targeting DNA
topoisomerase I for curing brain cancer
computationally.

REFERENCES

[1] J.M.Covey, C.Jaxel, K.W.Kohn, Y.Pommier; Pro-
tein-linked DNA strand breaks induced in Mamma-
lian cells by camptothecin, an inhibitor of
topoisomerase I. Cancer Res., 49, 5016-5022
(1989).

[2] M.Valenti, W.Nieves-Neira, G.Kohlhagen,

K.W.Kohn, M. E.Wall, M.C.Wani, Y.Pommier;
Novel 7-alkyl methylenedioxycamptothecin deriva-
tives exhibit increased cytotoxicity and induce per-
sistent cleavable complexes both with purified mam-
malian topoisomerase I and in human colon carci-
noma SW620 cells, Mol. Pharmacol., 52, 82-87
(1997).

[3] A.Tanizawa, K.W.Kohn, G.Kohlhagen, F.Leteurte,
Y.Pommier; Differential stabilization of eukaryotic
DNA topoisomerase I cleavable complexes by
camptothecin derivatives, Biochemistry, 34, 7200-
7206 (1995).

[4] M.R.Peel, M.W.Milstead, D.D.Sternbach,
J.M.Besterman, P.Leitner, B.Morton; Noverl A-ring
modified camptothecins as topoisomerase I inhibi-
tors, Bioorg.Med.Chem.Lett., 5, 2129-2132 (1995).

[5] T.Yaegashi, S.Sawada, H.Nagata, T.Furuta,
T.Yokokura, T.Miyasaka; Synthesis and antitumor
activity of 20(S)-camptothecin derivatives, A-ring-
substituted 7-methyl camptothecin and their E-ring
modified water-soluble derivatives.
Chem.Pharm.Bull., 42, 2518-2525 (1994).

[6] M.J.Luzzio, J.M.Besterman, D.L.Emerson,
M.G.Evans, K.Lackey, P.L.Leitner, G.McIntyre,
B.Morton, P.L.Myers, M.Peel, J.M.Sisco,
D.D.Sternbach, W.Q.Tong, A.Truesdale,
D.E.Uehling, A.Vuong, J.Yates; Synthesis and anti-
tumor activity of novel water-soluable derivatives
of camptothecin as specific inhibitors of
topoisomerase I.J.Med.Chem., 38, 395-401 (1995).

[7] N.L.Owen, R.E.Hester; Vibrational spectra and tor-
sional barriers of anisole and some monohalogen
derivatives, Spectrochim.Acta, 25A, 343-354
(1969).

[8] T.B.Grindley, A.R.Katrizky, R.D.Topsom; Infrared
intensities as a quantitative measure of intramolecu-
lar interactions, Part XXXIV, Quantitative relations
between conjugation and strain energies and s_R
values: rotational barriers in monosubstituted ben-
zenes, J.Chem.Soc., Perkin Trans., 2, 289-297
(1974).

[9] S.K.Garg, C.D.Smyth; Microwave absorption and
molecular structure in liquids, LXVIII, Dielectric be-
havior at 2.2-mm wavelength and intramolecular
motion in five substituted benzenes and cyclohex-
anes, J.Chem.Phys., 46, 373-377 (1967).

[10] M.A.Vincent, I.H.Hiller; A theoretical study of
methoxy group rotation in anisole. Chem.Phys., 140,
35-40 (1990).

[11] D.E.Uehling, S.S.Nanthakumar, D.Croom,



P.Sasikumar et al. 367

Regular Paper
RRBS, 9(10) 2014

D.L.Emerson, P.P.Leitner, M.J.Luzzio, G.McIntyre,
B.Morton, S.Profeta, J.Sisco, D.D.Sternbach,
W.W.Tong, A.Vuong, J.M.Besterman; Synthesis,
topoisomerase I inhibitory activity, and in vivo evalu-
ation of 11-azacamptothecin analogs, J.Med.Chem.,
38, 1106-1118 (1995).

[12] M.R.Redinbo, L.Stewart, P.Kuhn, J.J.Champoux,
W.G.J.Hol; Crystal structure of human topoisomerase
I in covalent and noncovalent complexes with DNA,
Science, 279, 1504-1513 (1998).

[13] L.Stewart, M.R.Redinbo, X.Qiu, W.G.J.Hol,
J.J.Champoux; A model for the mechanism of hu-
man topoisomerase I.Science, 279, 1534-1541
(1998).

[14] A.W.Nicholas, M.C.Wani, G.Manikumar, M.E.Wall,
K.W.Kohn, Y.Pommier; Plant antitumor agents 29.
Synthesis and biological activity of ring D and ring
E modified analogues of camptothecin.
J.Med.Chem., 33, 972-978 (1990).

[15] A.Fujimori, Y.Hoki, N.Popescu, Y.Pommier; Silenc-
ing and selective methylation of the normal
topoisomerase I gene in camptothecin-resistant
CEM/C2 human leukemia cells. Oncol.Res., 295-
301 (1996).

[16] A.M.Knab, J.Fertala, M.A.Bjornsti; Mechanisms of
camptothecin resistance in yeast DNA topoisomerase
I mutants. J.Biol.Chem., 268, 22322-22330 (1993).

[17] A.Fujimori, W.G.Harker, G.Kohlhagen, Y.Hoki,
Y.Pommier; Mutation at the catalytic site of
topoisomerase I in CEM/C2, a human leukemia cell
line resistant to camptothecin. Cancer Res., 55, 1339-
1346 (1995).

[18] M.G.Evans; Chiral Benzdioxane camptothecins as
water-soluble topoisomerase I inhibitors, American
Chemical Society Meeting, 52 (1994).

[19] M.W.Milstead; Substituted methylenedioxy
camptothecins as water-soluble topoisomerase I in-
hibitors, American Chemical Society Meeting, 51
(1994).

[20] S.J.Weiner, P.A.Kollman, D.A.Case, U.C.Singh,
C.Ghio, G.Alagona, S.Profeta, P.Weiner; A new
force field for molecular mechanical simulation of
nucleic acids and proteins, J.Am.Chem.Soc., , 106,
765-784 (1984).

[21] P.K.Weiner, P. A.Kollman; AMBER: assisted model
building with energy refinementA general program
for modeling molecules and their interactions,
J.Comput.Chem., 287-303 (1981).

[22] Tripos Associates, Sybyl Molecular Modeling Soft-
ware, Sybyl theory manual; 6.1 (Ed), Tripos Asso-
ciates, St.Louis, (1994).

[23] E.A.Padlan, E.A.Kabat; Modeling of antibody com-
plex, Methods Enzymol, 203, 3-21 (1991).


