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Abstract

the experimental biologist in the near future.

Medicinal plants have been the single most productive source of leads for the development of drugs thus played
an important role in treating and preventing a variety of diseases throughout the world. In the present investigation,
Millingtonia hortensis was examined for their antibacterial activity particularly against Mycobacterium leprae.
Initially, the solvents such as methanol, acetone, benzene and petroleum ether were utilized to extract the chemical
components from Millingtonia hortensis. Subsequently, the components were identified by means of GC-MS
techniques. Moreover, molecular docking techniques were employed to determine the antibacterial activity of these
compounds particularly against Mycobacterium leprae. Finally, Molinspiration and OSIRIS program were utilized to
investigate the bioavailability and toxicity of the selected compounds. The results indicates that compounds such as
Dl-alpha-tocopherol, Vitamin E, Squalene isolated from Millingtonia hortensis could be the potential molecule for the
treatment of new as well as dapsone resistance cases of leprosy. We believe that this study certainly be helpful for
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Introduction

Mycobacterium leprae causes a chronic infectious disease called
Leprosy which is still a major concern at global level [1]. Macrophages
and peripheral nerves (specifically the Schwann cells that ensheathe
them in protective myelin) are the prime infection targets of this
pathogen. M. leprae is critical as it cannot be cultured in artificial
media, time consuming and infectious to human [2]. MDT introduced
by WHO has been effective in reducing both the prevalence and
incidence of leprosy globally [3-5]. Despite the decrease in prevalence
of the disease, isolates resistant to one or more antibiotics have been
detected in many areas. Resistance to the anti-leprosy drugs such as
dapsone, rifampicin and ofloxacin evolves by amino acid substitution
at the binding sites of these drugs [6-12]. The WHO Study Group on
Chemotherapy of Leprosy for Control Programmes recommended the
introduction of Multi-Drug Therapy (MDT) in 1982 in response to the
serious threat to leprosy control posed by the widespread emergence of
drug resistance. However, dapsone resistance continues to be reported
even in areas of the world with successful implementation of MDT
[13,14]. Concern has also been expressed about the development of
drug resistance to rifampicin, as it is the most important component of
the MDT regimen [15-27]. Most importantly, the literature evidences
indicates that Thr53Val mutation confers resistance to first line
drug called Dapsone [28,29]. This situation urges the researcher to
identify the novel molecule against drug resistant folp1. In this aspect,
development in the computational techniques is certainly helpful. The
drugresistance determining region (DRDR) in the folP1, rpoB, and gyrA
genes have been proven to confer resistance to dapsone, rifampicin,
and ofloxacin, respectively [30,31]. Most importantly, plants have high
medicinal value due to some chemical active substances that produce
a definite physiological action on human body and less chance for the
development of resistance. The chemically active constituents of plants
are alkaloids, tannin, flavonoid and phenolic compounds. Moreover,
herbal extracts were showing a promising result in controlling both
plant diseases particularly fungal and bacterial diseases [32,33]. Most
importantly, the plant, Millingtonia hortensis, has high medicinal values
and is used for indigenous treatment of variety of diseases including

asthma, rheumatism, tuberculosis, cancer, antipyretic, sinusitis and as
an cholagogue and tonic [34].

However, no evidences available related to the use of Millingtonia
hortensis especially against the leprosy cases. Hence, in the present
study, an attempt was made to isolate the antibacterial compound
from the stem of Millingtonia hortensis Linn which belongs to the
family Bignoniaceae, against drug resistant Mycobacterium leprae.
Subsequently, computational techniques were also employed for
further analysis. The results were analyzed in terms of binding energy,
ADME (Absorption, Distribution, Metabolism and Excretion) and
toxicity analysis. We sincerely hope that this study be useful to develop
novel compounds against M. leprae.

Materials and Methods
Plant material

The fresh stem barks of Millingtonia hortensis Linn were collected
from Botanical garden of VIT University in Vellore district in Tamil
Nadu, India during the month of January. The stem was washed
thoroughly two to three times with running tap water and once with
sterile distilled water and shade dried at room temperature. Shade
dried barks of Millingtonia hortensis Linn were used to make powder
and that powder was used for further experiments.

Chemical used

Solvent such as petroleum ether, benzene, methanol, acetone and
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nutrient agar were purchased from Hi media pvt Ltd used for all our
experiments.

Extraction of bioactive compound

The dried stem bark powder were coarsely powdered and
subjected to successive extraction by soxhlation [33]. The extraction
was done with different solvents according to their increasing order
of polarity such as petroleum ether, benzene, methanol and acetone.
The resulting extracts were concentrated by rotary vacuum evaporator
and evaporated to dryness by hot air oven [35]. The solvent of different
polarity such as acetone, petroleum ether, benzene and methanol
were used for extracting bioactive compound. Stock was prepared by
weighing 5 mg of dried extract and dissolving it in 5 ml of DMSO.
Further dilution was carried out to get 100, 300, 500 and 900 pg/ml
concentrations by using DMSO as solvent.

Anti-bacterial activity determination

E. coli was used as a test organism [36]. Well diffusion method [37]
was used for the examining the antibacterial activity of the extract.
Bacteria were inoculated on nutrient agar and were allowed to solidify.
For each treatment three replicates were maintained. Four wells of 10
mm diameter were made in each of this agar plate. About 0.3 ml of
different concentration of plant extract were added into the well using
sterilized dropping pipette and disc of kanamycin was added at the
center of plates (as chemical bactericide for comparison) which were
then incubated at 37°C for 20 hrs. Diameter of zone of inhibition was
recorded for determining the antibacterial activity.

GC-MS analysis

GC-MS technique was used in this study to identify the components
present in the extract. GC-MS technique was carried out at Vellore
Institute of Technology (VIT) Vellore, Tamil Nadu. Compounds were
separated by GC. The structures of the components were identified
using a mass spectrophotometer [38]. GC-MS analysis of the extract
was performed using a Perkin Elmer GC Clarus 680 system and gas
chromatograph interfaced to a Mass Spectrometer Clarus 600 system
(GC-MS) equipped with Elite-1 fused silica capillary column (30 m x
1 pul was Mdf, composed of 100% Dimethyl poly siloxane). For GC-MS
detection, an electron ionization energy system with ionization energy
of 70 eV was used. Helium gas (99.999%) was used as the carrier gas
at a constant flow rate of Iml/min. and an injection volume of 1 ul
was employed (Split ratio of 10:1). Injector temperature was 250°C. The
initial oven temperature was programmed from 60°C for 2min, with
an increase of 10°C/min to 300°C, ending with a 6min. Mass spectra
were taken at 70 eV; a scan interval of 0.5 seconds and fragments
from 50 to 600 Da. Total GC running time was 32 min. The relative
percentage amount of each component was calculated by comparing its
average peak area to the total areas. Software adopted to handle mass
spectra and chromatograms was a TurboMass Ver5.4.2. Compound
identification was obtained by comparing the retention times with
those of authentic compounds and the spectral data obtained from
library data of the corresponding compounds.

Homology modelling

Homology modeling aimed to develop the structure of the folpl
target because point mutations in the target protein ‘folP1’ results
in dapsone resistance while other targets such as ‘rpoB’ and ‘gyrA’
are responsible for rifampin and ofloxacin respectively [39,40].
Mycobacterium leprae (folpl) homologue sequence was retrieved from
UniProtKB/TrEMBL database (Id: POC0X1). NCBI-BLASTP search

against Protein Data Bank (PDB) using Mycobacterium leprae as query
sequence gave a number of homologous sequences. Among these
sequences, PDB code: 1IEYE (human) was chosen as a best template
based on high sequence identity (77%) to model 3-Dstructure of the
Mycobacterium leprae. The Blosum62 scoring matrix was selected
with a gap penalty of 11 and a gap extension penalty of 1 for the
BLASTP analysis. The crystal structure of 1IEYE A was solved at a
resolution of 1.70 A which is in complex with 6-Hydroxymethylpterin
monophosphate. Subsequently, MODELLER is a computer program
that generates 3-D model structures of the proteins and their assemblies
by satisfaction of spatial restraints. More generally, the input to the
program is the alignment file (PAP/PIR formats), restraints on the
spatial structure of the amino acid sequence(s) to be modeled [41]. The
ligand structures were generated with the aid of SMILES string. The
SMILES string deposited into the CORINA program to generate the
structure of ligand molecules.

Energy minimization

Swiss-PdbViewer is used for energy minimization of the native
protein (folpl) and mutant protein (thr53val) by repairing distorted
geometries thereby releasing internal constraints. It includes a version
of the GROMOS 43al force field. This force field allows to evaluate
the energy of a structure as well as repair distorted geometries and
to develop the best final structures with the shortest computer time
[42,43].

Molecular docking

Fire dock was used for docking between protein (native and
mutant) and ligand (dapsone and compound obtained from GC-
MS analysis). It was used to predict the preferred orientation of one
molecule to second when bound to each other to form stable complex.
The ligand-protein pair wise interaction energies were calculated [37].

ADME and toxicity analysis

ADME describes the disposition of a pharmaceutical compound
within an organism. The four criteria all influence the drug levels
and kinetics of drug exposure to the tissues and hence influence the
performance and pharmacological activity of the compound as a drug.
ADME toxicity studies evaluate how a drug and/or its metabolites are
absorbed, distributed, metabolized, and excreted from the body. Drug
metabolism issues one of the primary reasons why drug candidates fail
in clinical trials. Molinspiration was used for bioavailability analysis.
All the data set molecules were subjected to the toxicity risk assessment
by using Osiris program.

Results and Discussion

Extraction of bioactive compounds

The bioactive compounds were successfully extracted from stem by
soxhlation using solvents of different polarity like acetone, methanol,
and petroleum ether. The extracts were then dried by employing rotary
vacuum evaporator (Figure 1).

Antibacterial activity determination

Zone of inhibition was calculated for all the concentration
and the best result was found to be of petroleum ether against test
microorganism E. coli when compared to standard drug kanamycin.
The results of zone of inhibition are given in Figure 2 and Table 1.
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S. No Petroleum ether concentration(mg/ml) Diameter (cm)
1 1
2 3 1.52
3 5 1.57
4 9 1.65
S. No Acetone concentration (mg/ml) Diameter (cm)
1 1 0.4
2 3 0.5
3 5 0.51
4 9 0.57
(@) (b © S. No Methanol concentration (mg/ml) Diameter (cm)
Figure 1: Extracts obtained after soxhlation (a) acetone (b) methanol (c) 1 05
petroleum ether. 2 3 0.75
5 1
4 9 1.5
S. No Benzene concentration (mg/ml) Diameter (cm)
1 1 0.52
2 3 0.51
3 5 0.52
4 9 0.5

Table 1: Results obtained by calculating zone of inhibition against E.coli.
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Figure 3: Chromatogram obtained from GC-MS analysis of acetone extract.
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Figure 2: Petri plates depicting zone of inhibition for different solvents (a) ‘ ‘
acetone (b) methanol (c) petroleum ether.
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GC-MS analysis was performed for Millingtonia hortensis in NN I FI, =/
acetone and methanol extract shown in Figure 3 and 4 respectively. \H.
The compounds present in the petroleum ether extract of Millingtonia Ll_/f/J
hortensis were identified by GC-MS analysis presented in Figures 3-5. - — — — —
The active principle Molecular Weight (MW), Concentration (%), Figure 4: Chromatogram obtained from GC-MS analysis of methanol extract.
Molecular Formula (MF), and Retention Time (RT) is presented in
Table 2. More than seven compounds were identified in the extract. Molecular docking
The prevailing compounds were Dl-alpha-tocopherol (36.10%),

Squalene (35.55%), Hexadecanoic acid, butyl ester (10.08%), Methyl6, Fire dock was used for docking native protein (folpl) and mutant
9-octadecadienoate (9.57%).

protein (thr53val) against ligand (Dapsone and compounds obtained
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Figure 5: GC-MS pattern of Phytoconstituents present in petroleum ether

obtained from Millingtonia hortensis.

S. No Retention Name of the compound

Molecular Molecular Peak

Time Formula Weight Area %
1 19.82 Bicyclo[4.1.0]heptane,7-pentyl | C,,H,, 166 2.98
2 19.89 Methyl6,9-octadecadiencate | C,;H,,0, 294 9.57
3 20.09 Hexadecanoicacid,butyl ester |C,H, O, 312 10.08
4 21.771 Octadecanoicacid, butyl ester |C,,H,,0, 340 1.91
5 24.992 Squalene C,Hs, 410 35.55
6 26.973 Hentriacontane C,Hy, 436 3.04
7 27.468 Dl-alpha-tocopherol C,H,,0, 430 36.1
8 27.523  Vitamin E C,H, 0, 430 8.28

Table 2: Components identified in petroleum ether of Millingtonia hortensis

extract.

S. No Lead molecule

native (Kcal/mol)

Dapsone
Bicyclo[4.1.0]heptane,7-pentyl
Methyl6,9-octadecadienoate
Hexadecanoicacid,butyl ester
Octadecanoic acid, butyl ester
Squalene

Hentriacontane
Dl-alpha-tocopherol

Vitamin E

© 0N O WN =

-36.06
-28.36
-35.1
-30.59
-34.98
-45.12
-34.84
-48.17
-48.17

Binding affinity with Binding affinity with

mutant (Kcal/mol)

-32.96
-38.79
-34.84
-31.34
-25.17
-42.01
-29.88
-46.86
-46.86

Table 3: Binding affinity of native and mutant protein against dapsone and bioactive

compounds.

S. No Compound

N =

© N g M W

Dapsone
Bicyclo[4.1.0]heptane,7-pentyl-

Methyl6,9-octadecadienoate
Hexadecanoic acid, butyl ester
Octadecanoic acid, butyl ester

Squalene
Hentriacontane
Dl-alpha-tocopherol
Vitamin E

from stem extract of petroleum ether solvent). It was used to predict
the preferred orientation of one molecule to second when bound to
each other to form a stable complex. Several compounds were selected
through a series of studies based on binding energy analysis and we
have obtained three top scoring compounds viz. Dl-alpha-tocopherol,
Vitamin E and Squalene from various compounds listed in Table 3.

ADME and toxicity analysis

All the compound were subjected to toxicity assessment studies by
using Osiris online programme which reveals that all the compound
showed very good ADME profile which minimizes the toxicity
risk of dapsone analogues in human being. Among all the bioactive
compounds subjected for toxicity assessment, compound 2, 3, 6,
7, 8 and 9 were found to be free from high risks of undesired effects
like mutagenicity or a poor intestinal absorption. In Molinspiration
programme, all the Dapsone analogues showed better results for drug
absorption, including intestinal absorption, bioavailability, CaCO,
permeability and blood-brain barrier penetration (Tables 4 and 5).

Conclusion

Phytochemicals of plant source with pharmacological importance is
an alternative approach for the modern medication against several toxic
envenomations. According to recent studies, usage of phytochemicals
are reported as the most reliable and efficient compounds with
therapeutic significance. Computational studies provide an insight for
developing novel inhibitors against bacterial pathogen M. leprae using
plant based bioactive chemicals and by comparing those bioactive
chemicals with the drug already existing in the market. The inhibitory
efficiency of selected compounds were computed and analyzed through
homology modeling, energy minimization, molecular docking and
ADME and toxicity analysis. The molecular docking studies revealed
that compounds such as Dl-alpha-tocopherol, Vitamin E, Squalene,
Bicyclo[4.1.0]heptane,7-pentyl-, Methyl 6,9-octadecadienoate isolated
from Millingtonia hortensis could be the potential molecule for the
treatment of new as well as resistance cases of leprosy. Though further
studies like ADME and toxicity analysis suggests that Bicyclo[4.1.0]
heptane,7-pentyl,Methyl 6,9-octadecadienoate is the major compound
that it could prove as an effective drug against M. leprae and as a
substitute of first line drug Dapsone.
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Mutagenic Tumorigenic Irritant Reproductive cLogP Drug likeness Drug score
effective
Y Y N Y 1.01 0.84 0.16
N N N N 4.95 -18.82 0.32
N N N N 6.89 -35.73 0.22
N N Y N 7.81 -29.23 0.11
N N Y N 8.71 -29.23 0.09
N N N N 131 -3.52 0.14
N N N N 14.15 -20.4 0.1
N N N N 9.64 -4.78 0.12
N N N N 9.64 -4.78 0.12

Table 4: Toxicity analysis results using OSIRIS software depicting drug score.
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S.No Compound name Molecular nON nOHNH nviolations nrotb
weight
1 Dapsone 248.307 4 4 0 2
2 Bicyclo[4.1.0]heptane,7-pentyl |166.308 O 0 1 4
3 Methyl6,9-octadecadiencate | 294.479 2 0 1 15
4 Hexadecanoic acid,butyl ester 312.538 2 0 1 18
5 Octadecanoic acid, butyl ester 340.592 2 0 1 20
6 Squalene 410.73 0 0 1 15
7 Hentriacontane 436.853 0 0 1 28
8 Dl-alpha-tocopherol 430.717 2 1 1 12
9 Vitamin E 430.717 2 1 1 12
Table 5: Bioavailability analysis by using molinspiration program.
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