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Abstract: Ellipticine, a nitrogen containing compound of plant origin, possesses potent anticancer
properties. Mechanism of intercalation into DNA helices and/or topoisomerase II inhibition is
ascribed for its pharmaceutical aspects. Multiple biological activities of ellipticine have generated
curiosity among researchers belonging to varied disciplines, primarily focussed on unraveling out its
mode of action. Employing DFT based B3LYP and functional blended with 6-311 G (d, p) basis
function from Gaussian 16 program, electronic parameters and global descriptors of the drug have
been examined. A comparative analysis of calculated vibrational assignments of the drug molecule
vis-a-vis experimental data from literature has been performed. Again, molecular docking analysis
of ellipticine with isomerase transcriptases (PDB ID: 1did, 2ypi and 1xig) has been carried out to
understand inhibition activity, binding sites etc.
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1. Introduction

Natural products play very important role in promoting healthcare and disease preven tion all
over the world [1]. Extracted from Ochrosia elliptica leaves firstly in 1959, ellipticine and its
derivatives exhibit pronounced anticancer activities [2,3]. The planer polycyclic chromophore
consisting of protonatable ring nitrogen shows strong interaction with DNA via intercalation. Having
simplest structure ellipticine and many of its derivative compounds are efficiently used in the
treatment of brain tumours, acute myeloblastic leukaemia, kidney and breast cancer, HIV etc [4-6].
The antitumour property of ellipticine is caused to be due to its ability to intercalate into DNA and
inhibit topoisomerases, enzymes that play very important role in the functions of DNA. Interfering
replication and transcription processes, ellipticine can cause DNA damage leading to cell death in
cancer cells. Despite its potential in cancer treatment, ellipticine has yet to be approved for clinical
use due to concerns about its toxicity and poor solubility in water. However, researchers are
exploring ways to modify the structure of ellipticine to improve its pharmacokinetics and reduce its
side effects, and several derivatives of the compound are currently in development as potential
anticancer agents [7].

Binding mechanism of small molecules to nucleic acid helices takes place in many ways such as
major groove binding, minor groove binding, intercalation into successive base pairs etc. Aromatic
polycyclic molecules having planar structure get inserted into two consecutive DNA base pairs and
thereby elicit their pharmacological properties. Such intercalating molecules have drawn special
attention of many researchers owing to their active role in antitumor chemotherapy. The strength of
noncovalent stacking of most of the intercalating drugs inside DNA base pairs is usually attributed
to the biological activity of the molecules. Oftenly intercalators are stabilized inside the nucleic acid
helices by forming hydrogen and/or covalent bonds engaging side chain of the drug molecule [8-10].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Several earlier studies have been devoted to correlate the drug activity and intercalatibility; however,
establishing definite correlation between intercalative mechanism and pharmacological activity of
drug molecules is still to be understood [9-11].

In this paper in silico investigation of the physicochemical and electronic parameters, MEP
surface, HOMO, LUMO energy of ellipticine have been investigated by DFT method [12-14]. Further,
infrared spectrum of drug molecule has been computed and juxtaposed to experimental data.
Elucidation of binding mechanism of ellipticine with three isomerase transcriptases taken from
protein data bank with Id: 1did, 2ypi and 1xig has been accomplished for understanding biological
aspects of the drug [15,16].

2. Computational Methods

Becke 3 Lee Yang Parr functional of density functional theory and 6-311G (d, p) basis function
has been utilised. For this Gaussian 16 program has been used [17]. Visualization has been done by
GaussView 6.0 software. Optimized geometry of ellipticine has been subjected to calculate molecular
geometrical parameters, frontier molecular orbitals, molecular electrostatic potential surface as well
as global reactivity descriptors [18]. Vibrational spectra has also been computed. Further, Swiss Dock
web server has been used to simulate molecular docking of ellipticine drug with three protein
receptors chosen from protein data bank. UCSF Chimera has been used for visulisation [19-23].

3. Results and Discussion

3.1. Molecular Structure and Global Reactivity Descriptors Analysis 3.1.1. Subsubsection

The optimized geometry of ellipticine is shown in Figure 1. The C-C, C-N and C-H bond lengths
of ellipticine ranges from 1.370 to 1.509A, 1.314 to 1.385A and 1.081 to 1.095A respectively; which are
in conformity with experimental data4. The computed electronic parameters along with global
reactivity descriptors of ellipticine drug are given in Table 1.

Figure 1. Optimized molecular geometry of ellipticine drug.

The MEP surface of ellipticine signifies its molecular shape and size as depicted in Figure 3.
Shading in colours elaborates varied potential zones like positive, neutral, and negative regions and
is also very useful in investigating biomolecular interactions etc. The most electronegative region
occurs due to nitrogen atom in MEP map. Therefore, it is a suitable site of electrophilic attack. HOMO
and LUMO energies characterise molecule’s ability to donate and accept electron. The difference
between these orbital energies estimates molecule’s chemical reactivity. For the ellipticine, LUMO-
HOMO energy difference is 3.821 eV. This shows that ellipticine is chemically moderate and indicates
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the charge transfer interactions within the ellipticine drug occurring eventually [24,25]. The HOMO
and LUMO surfaces of ellipticine drug are shown in Figure 2. Global parameters have been calculated
utilising HOMO and LUMO energies [25-31]. The chemical reactivity is governed by the structural
arrangement of the compound.

Ionization potential represents the energy required to eject an electron from molecule. Chemical
inertness or high stability is dictated by high value of ionization potential and vice- versa. As shown
in Table 1, ellipticine has ionization potential of 5.459 eV. This shows that ellipticine is a good donor.
Adding electron to the neutral molecule leads to release of some energy, which is taken as electron
affinity of the molecule. In case of ellipticine its value is 1.639 eV, indicating that drug is moderately
reactive (Table 1). The chemical potential is used to estimate the electron’s escaping tendency and
also the electronegativity of the molecular system. Further electrophilicity index gives idea about
stabilization of the molecule due to surrounding electrons approaching to saturate the system
(atom/molecule). If a molecule or molecular system carries lower electrophilicity index then it is
considered as highly reactive, nucleophile and better system. The electrophilicity index of ellipticine
is 3.296 eV, which is noticeably lower, indicating that ellipticine is a moderate nucleophile.

“
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Figure 2. Molecular electrostatic potential surface of ellipticine drug.
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Figure 3. Frontier orbitals of ellipticine drug molecule.
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Table 1. The electronic and global reactivity descriptors of ellipticine.

Total energy -20842.791 eV
Dipole moment 4.153 debye
HOMO energy (ELumo) -5.459 eV
LUMO energy (Enomo) -1.638 eV
Frontier orbital energy gap 3.821 eV
AELumo-nomo = ELumo — Enomo

Chemical potential (pu=-x) -3.549 eV
Electronegativity (x = (I + EA)/2) 3.549 eV
Electron affinity (EA= -Erumo) 1.638 eV
Ionization potential (I= ~Exomo) 5.459 eV
Global hardness (n=(I- A)/2) 1911 eV
Global softness (S=1/21)) 0.262 eV
Global electrophilicity (w=p2/2n) 3.296 eV

3.2. Infrared Spectroscopic Analysis

The vibrational spectra of ellipticine drug has been analysed. Considering the characteristic
vibrational modes of ethyl, methyl and other groups comprising of different modes, taking into
account the stretching modes of CH in CHs groups, CHs deformations with HCC bending and NH
stretching vibrations assignments, have been carried out [32-35]. Calculated infrared vibrational
frequencies of ellipticine are juxtaposed to the standard data in the Table 2. The vibrational spectrum
is given in Figure 4. Ellipticine has 33 atoms and hence associated with 93 normal vibration modes
among which 78 modes lie in the IR region. A good correspondence is established between calculated
and standard data. Only the basic modes are briefly described here (Table 2).

3.2.1. C-H Vibration

Usually, the CH stretching modes are reported in the region from 2800 to 3200 cm™. In case of
ellipticine, the CH of CHs group yields calculated vibrational modes at 3021 and 3153 cm™; which is
in accordance with the standard data (Table 2).

3.2.2. N-H Vibration

Normally the N-H modes of stretching ranges from 3300 to 3600 cm™. For ellipticine, this mode
is calculated at 3680.55 cm™'; which is slightly higher than the standard value (Table 2).

3.2.3. Other Modes of Vibration

In the ellipticine, modes of deformation of ring lie at 1423.39 and 1490.09 cm™; which are in close
proximity with standard data. Torsion and wagging modes occupy lower frequency range. It is
therefore apparent that there exists a gross similarity between the calculated infrared spectra and
standard data [36,37].
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Figure 4. Infrared spectrum of ellipticine molecule.
Table 2. Significant vibrational assignments of ellipticine drug molecule.
Standard Unscaled Calculated Vibrational Assignments
Frequency (cm) Calculated Intensity
Frequency
(cm?)
3500 3680.55 50.18 NH Stretching
- 3192.89 23.48
- 3188.93 28.41
- 3169.36 28.96
- 3165.38 1.47
2964 3153.59 23.37 Asymmetric Stretching (CHs)
- 3097.31 23.83
2866 3021.88 39.76 Symmetric Stretching (CHs)
1522 1635.94 119.79 Ring CC Stretching
1523.19 57.76
1456 1490.09 62.06 CHs Umbrella Deformation
1374 1428.08 35.80
- 1423.39 37.00
- 1415.24 33.27
- 1395.96 48.29
- 1345.74 29.72
- 1328.86 36.58
- 1268.87 41.57
- 1260.65 65.53
824 850.29 24.99 CHs Rocking
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3.3. Molecular Docking

Molecular docking has got enormous application in studying drug-receptor interaction and
estimating the drug’s efficacy. Hence it is inevitably used in drug design. Herein energy of each
possible configuration of ligand-receptor association is calculated. According to full fitness score
binding modalities of ligand-receptor complexes are arranged. SwissDock has been used in the
present investigation. Sampling bias has been avoided by covering the whole protein. The protein
receptors identified from protein data bank as 1did, 2ypi and 1xig are selected for docking. The
receptor 1did shows high binding affinity for ellipticine drug. The receptor residue LYS (148)
complexed with ellipticine LIG(H10) having energy of -8.01 kcal/mol at a separation of 2.692 A with
FF score of -1922.49 kcal/mol corresponds to best pose. Another preferred site with energy of -7.69
kcal/mol and FF score of -1920.75 kcal/mol is revealed between GLU (388) and LIG(H13) at a distance
of 1.865A. The 2ypi receptor elicits its several stable complexes with the ellipticine drug. The residue
ARG (3) forms with LIG(N) a stable complex with energy of -8.70 kcal/mol. The corresponding FF
score is -2401.14 kcal/mol at a drug-receptor separation of 2.350A. Another preferred binding pose is
found between LYS (221) and LIG(N) at a distance of 2.457A with energy of -8.76 kcal/mol and FF
score of -2403.35 kcal/mol. Receptor protein 1xig possesses stronger binding affinity with the ligand
as compared to other protein receptors. Herein the ligand is simultaneously complexed with two sites
of the receptor namely ARG (112) with LIG (N) and ASP (153) with LIG (H13) having ligand-receptor
separated by 2.046 A and 1.794 A respectively. The drug/ligand complexed at two sites of the protein
receptor 1xig is the most stabilised having energy of -8.80 kcal/mol with FF score of -2172.25 kcal/mol.
Evidently ellipticine complexed with 1xig receptor is better stabilised in comparison to its complexes
with 1did and 2ypi protein receptors [38].

Protemn ID: 1DID
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Figure 5. Molecular docking simulation of ellipticine with protein receptors.

5. Conclusions

In silico bond lengths, bond angles and vibrational modes of ellipticine nearly correspond to
standard data. Frontier orbitals and molecular electrostatic potential surface indicate chemical
reactivity and charge transfer within ellipticine drug. The prominent vibrational modes of the
ellipticine drug are in gross agreement with standard data. As evident from molecular docking
simulation, among three protein isomerases chosen from the protein data bank, binding of ellipticine
with the 1xig receptor gives rise to the most stable complex.
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The following abbreviations are used in this manuscript:

HOMO Highest Unoccupied Molecular Orbitals
LUMO Lowest Unoccupied Molecular Orbitals

DNA Deoxyribonucleic Acid

ELP Ellipticine

DFT Density Functional Theory

MEP Molecular Electrostatic Potential
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