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Abstract

Leucas aspera (willd.) (Labiatae family) is a dietary herb with a wide variety of biological activities,
including antimicrobial activity. In this study, we used in-silico docking to see how well bioactive
phytoconstituents from L. aspera might operate against an inflammatory-triggering protein. Three
phytoconstituents were selected from a list of thirty based on their ability to satisfy the Lipinski rule of
five. Molsoft L.L.C. databases were used to forecast the drug-likeness score and adverse effects for the
chosen compounds. SwissADME was used to make predictions about the pharmacokinetics and
toxicological characteristics of the selected phytoconstituents. Docking studies were carried out using the
PyRx to predict the binding affinity of the selected phytoconstituents with the protein from the protein
data bank. Among the drugs tested, Leucasperol A had the highest drug-likeness score (-0.11) and Amyl|
propionate had the lowest (-1.24). In molecular docking investigations, the ligands were found to bind to
the active site of the target protein with minimal binding energy values. In terms of binding affinities with
the target proteins (4DX5 and 5V52Z), Leucasperol A had the highest (-8.8 kcal/mol & -8.6 kcal/mol) and
Amyl propionate had the lowest (-4.5 kcal/mol & -4.5 kcal/mol). In terms of binding affinities with the
target proteins (6LW5 and 1ILR), Leucasperol A had the highest (-8.7 kcal/mol & -7.5 kcal/mol) and Amyl|
propionate had the lowest (-5.2 kcal/mol & -4.1 kcal/mol). In terms of binding affinities with the target
proteins (3BJM and 6LN2), Leucasperol A had the highest (-8.3 kcal/mol & -8.4 kcal/mol) and Amyl
propionate had the lowest (-4.3 kcal/mol & -4.5 kcal/mol). Our results suggested that the phytochemicals
we examined in L. aspera might have anti-microbial, anti-inflammatory & hypoglycaemic properties,
suggesting that this plant might be useful as a treatment option.

Introduction

Some of the most often used edible plants include ferns, shrubs, and herbs, whether they are harvested
from the wild or farmed. Leaves, berries, young shoots, and branches, as well as the rhizome and, in
certain cases, the whole plant, are all edible. The 15! written record for the plant was dated 10000 years
back in the Neolithic revolution. Which cites the domestication of the plants and animals. Also, among
herbs, ferns & shrubs, ferns are the primitive and herbs/ shrubs are the plants which are evolved as per
the habitat which indicates that they have more evolved form of xylem and phloem for absorbing water,
nutrients, and photosynthesized food for proper growth. Also, this indicates that these plants are having
the highest phytoconstituents leading to better medicinal properties. Leucas aspera (willd.) (Lamiaceae),
a well-known family, mostly eaten, broadly distributed to most of the parts of India, and other countries.
The taxonomic classification has been listed via the chart. Globally, Leucas is known by different names,
but commonly it is known as Goma madhupati in Hindi, Thumba in English, Durun Khak in Assamese,
Thumbe gida in Kannada, Dronapushpi in Sanskrit, etc. The ethnobotanically L. aspera was used as
source of insecticides and fever reducer. Also, flowers as emmenagogue, insecticides, diaphoretic and
stimulant. Leaves for psoriasis, eczema, and chronic rheumatism along with snakebites by the use of
bruised leaves.[26] Various solvent extracts of the L. aspera has been showing the hypoglycaemic, anti-
inflammatory, anti-microbial and many more characteristic activities which has been tabulated (Table 2),
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which conclude that L. aspera is nutritious and healthy. To the best of our knowledge, no comprehensive
in-silico study has been conducted on the different metabolites of L. aspera to determine their
hypoglycaemic [12], anti-inflammatory [34], and anti-microbial [22] characteristics. Therefore, the purpose
of the current research was to screen numerous important phytoconstituents of L. aspera and to dock
them with the protein of diabetes mellitus, anti-inflammatory, and anti-microbial activities and compare
the mechanism of the standard drug with the screened drug. Further investigation into the phytochemical
properties of this plant may be facilitated by our results, which may serve as a foundation for the
synthetic modification of bioactive phytoconstituents and the de novo synthesis of structural motifs.

Hierarchical classification: As per Integrated Taxonomic Information System (ITIS)

Kingdom Plantae

Subkingdom Tracheobionta
Superdivision Spermatophyta
% Division Angiosperma
Ooﬁ Class Dicotyledonae
%:E Order Tubiflorae
% Family Labiatae
= Genus Leucas

Species aspera (Willd.)

Common Names

Table 1- Common Names
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Assamese Durun khak

Hindi Ghopa or Goma madhupati

English Thumba or Leucas

Botanical Description and distribution

Leucas aspera [Figure 1] is a biennial herb with a sturdy and hispid sharply quadrangular stem and
branches that can reach a height of 15-60 centimetres. White sessile flowers cluster at the end of the
stem or in the axils. Subsessile or short petiolate, linear, or linearly lanceolate, obtuse, and hairy best
describe the leaves of this plant. Small, very oblique, not villous, upper part produced forward; teeth small,
triangular, bristled, ciliate, tissue upper tooth being the largest; calyx variable, tubular, 8-13 mm long; tube
curved, contracted above the nutlets; lower half usually glabrous and membranous, upper half ribbed and
hispid. The corolla is 1 centimetres in length, the tube is 5 millimetres long and pubescent above,
annulate in the middle, the top lip is 3 millimetres long and densely white-woolly, and the lower lip is
nearly twice as long, with a broad, rounded central lobe and small, subacute lateral lobes. Nutlets of fruit
that are 2.5 mm in length, brown in colour, smooth on the inside and with sharp angles on the outside.

The aromatic Leucas aspera tree thrives in the warm climates of India, the Philippines, Java, the lowlands
of Mauritius, tropical Asia, and Africa. This annual herb thrives in a variety of environments, including
sandy soils, wastelands, roadside ditches, and highland crop fields. It has a quadrilateral stem and
branch structure and can reach a height of 15-60 cm. [26, 27]

Pharmacological Properties

Table 2- Pharmacological properties of Leucas aspera

Ethnomedicinal Properties References
Anti-fungal activity, Anti-hyperglycaemic activity, Anti- 2,4,6-9,11-13, 15-20, 23-37
inflammatory activity, Anti-microbial activity, Anti-nociceptive
activity, Anti-oxidant activity, Hepatoprotective activity,
Larvicidal activity

Phytoconstituents Reported
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Table 3- Phytoconstituents reported.

No Name Molecular Weight | Molecular Formula
1 Oleanolic acid 456.7 C30H4505
2 | Ursolic acid 456.7 C30H4505
3 a-sitosterol 426.72 C3oH500
4 | B-sitosterol 414.7 CyoHgoO
5 | Galactose 180.16 CgH {1,054
6 Leucasperone A 788.9 C3gHg017
7 Leucasperone B 436.5 Cy4H3604
8 Leucasperol A 352.5 CyoH3,05
9 | Leucasperol B 352.5 CyoH3,05
10 | Leucasperoside A 788.9 C35Hg0O17
11 | Leucasperoside B 626.7 C3,H50015
12 | Leucasperoside C 772.9 C35Hg0O16
13 | Asperphenamate 506.6 C3,H39N,04
14 | Maslinic acid 472.7 C39Hyg04
15 | Isololiolide 196.24 C11H1605
16 | Nectandrin B 344 .4 Cy0H7405
17 | Meso-dihydroguaiaretic acid 330.4 Cy0H,604
18 | Macelignan 328.4 CyoH5404
19 | Acacetin 284.26 C16H 1205
20 | Chrysoeriol 300.26 C16H1206
21 | Chicanine 342.4 CyoH1705
22 | Licarin A 326.4 C,0H5,0,
23 | a-thujene 136.234 C1oH1g
24 | Menthol 156.27 Ci10H50O
25 | Amyl propionate 144.21 CgH160,
26 | Isoamyl propionate 144.21 CgH 60,
27 | Palmitic acid 256.42 C16H320,
28 | Stearic acid 284.5 C1gH360,
29 | Oleic acid 282.5 Cy18H340,
30 | Linoleic acid 280.4 C,gH3,0,
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Materials and Method

Literature Search

All of the relevant data and information about the Leucas aspera was obtained from a number of
sources, such as PubMed, Science Direct, Sci-hub and Google Scholar evaluation and analysis papers
from published works that have been subjected to peer review. We also looked at a few materials from
the so-called 'grey literature, which included ethnobotanical books and chapters.

Softwares

PyRx is a virtual screening tool for computational drug discovery that could potentially used to test
compound libraries against pharmacological targets. PyRx (PyRx - Virtual Screening Tool download |
SourceForge.net) is a tool for medicinal chemists that facilitates the entire virtual screening process, from
data preparation through job submission and analysis of findings, regardless of the platform being used.
Although there is no magic solution in the drug discovery process, PyRx's docking wizard and user-
friendly interface make it a powerful tool for CAD. In addition to its chemical spreadsheet-like features,
PyRx also boasts a robust visualisation engine, both of which are crucial in the realm of Rational Drug
Design.

Biovia Discovery Studio 2021

Increased specificity and safety requirements, new types of therapeutics, and intricate disease
mechanisms are only some of the examples of complexity in today's biopharmaceutical sector.
Understanding therapeutic behaviour more thoroughly is necessary to keep up with this complexity.
Modelling and simulation techniques offer a novel approach to investigating biochemical and physical
processes at the molecular level. To speed up the discovery and development process, this can help direct
physical experiments. Over 30 years of scholarly work and state-of-the-art In-silico methods, including
molecular mechanics, free energy calculations, biotherapeutics developability, and more, are brought
together in BIOVIA Discovery Studio 2021 (Free Download: BIOVIA Discovery Studio Visualizer - Dassault
Systemes (3ds.com). From Target ID through Lead Optimisation, it equips scientists with everything they
need to probe the intricacies of protein chemistry and accelerate the discovery of small and big molecule
therapies.

Open Babel GUI
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Open Babel GUI (https://openbabel.org) is a chemical toolbox that aims to translate between different
types of chemical data. Data from molecular modelling, chemistry, solid-state materials, biochemistry,
and related fields can be searched, converted, analysed, and stored in this open, collaborative effort.

ChemDraw

The powerful prediction skills in ChemDraw Ultra
(https://chemdrawdirect.perkinelmer.cloud/js/sample/index.html) make it a useful tool for creating
chemical structures for use in database queries, creating figures for lab reports and scientific articles, and
more.

Selection and preparation of the protein

Protein three-dimensional structures have been downloaded from the RCSB Protein Data Bank
(https://www.rcsb.org/). Protein was chosen based on its ability to bind reactive compounds and the
microorganisms from which it was generated. Protein 4DX5, 5V5Z, 6LW5, 1ILR, 3BJM, 6LN2 (PDB IDs)
are displayed. (Figure 2)

Selection of bioactive phytoconstituent and structure

Amyl propionate, Isololiolide, Leucasperol A from Leucas aspera have been isolated and reported. [26]
The phytoconstituents Amyl propionate, Isololiolide, Leucasperol A has been analysed using specific
paper and PubChem (https://pubchem.ncbi.nlm.nih.gov). As the Amyl propionate, Isololiolide,
Leucasperol A is not reported on PubChem, so it has been created as a MDL mol format with the help of
ChemDraw Ultra and ACD/ ChemSketch and further minimization has been done. To predict ligand-
protein docking, the ligands were converted to Protein Data Bank (.pdb) format using the Open Babel GUI.
The molecular weight and structural formula of the phytochemicals found in Leucas aspera that passed
screening for Lipinski's rule, absorption, distribution, metabolism, and toxicity (Table 4).

Table 4- Screened phytoconstituents with molecular weight and structural formula

Phyto chemicals | Molecular weight (gm/mol) | Structural Formula
Amyl propionate | 144.21 CgH160,
Isololiolide 196.24 C11H1603
Leucasperol A 352.5 Cy0H3,05
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The remainder of the compounds have been screened for each specific activity, and some of them have
violations and errors.

Drug likeness score prediction and side effect of ligand

Following the Lipinski rule of 5, Amyl propionate, Isololiolide, and Leucasperol A to check out the drug-
likeness score on the online server Molsoft L.L.C. (http://molsoft.com/mprop/). The server determines the
drug-likeness score, log P value, number of hydrogen bond acceptors and donors, and molecular weight
(g/mol).

Pharmacokinetics prediction (ADME) and Toxicity identification

SwissADME (http://www.swissadme.ch/) was used to make predictions about the pharmacokinetic
properties of the selected phytoconstituent. To predict ADME and toxicity data, this web-based tool
employs in-silico algorithms. Which has been shown with the help of the table. (Table 5)

Ligand preparation

Open Babel GUI (https://openbabel.org) was used to convert the 3D.sdf files of phytoconstituents like
Amy| Propionate, Isololiolide, and Leucasperol A (Table 4) downloaded from the PubChem database
(https://pubchem.ncbi.nim.nih.gov).

Protein preparation

RCSB's Protein Data Bank (PDB) (https://www.rcsb.org/) was mined to locate the protein of interest
(4DX5, 5V5Z, 6LW5, 1ILR, 3BJM, 6LN2). The molecules have been assembled with the ligands. To further
reduce docking interference, we used the BIOVIA Discovery Studio 2021 visualising tool to remove water
molecules and add polar hydrogen before saving the file in.pdb format.

Ligand protein docking

Docking the phytoconstituents with the target protein was accomplished with the help of the PyRx (PyRx -
Virtual Screening Tool download | SourceForge.net). After docking, the optimal Ligand was chosen based
on the binding energy (Kcal/mol) in BIOVIA Discovery Studio 2021, which further generated and

visualised 2D and 3D structural representations of the binding interaction between the ligand and protein.
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Results

In-Silico Studies of The Reported Compound

Drug Likeness and pharmacokinetics property of Phytoconstituents: For the identification of new drug
candidates, pharmacodynamic qualities and the pharmacokinetic procedure are used, as summarised in
a table (Table 6), to determine their potential efficacy and side effects.

Table 6- Drug Likeness and Pharmacokinetic Property

Phytoconstituent/ Leucasperol | Isololiolide Amyl Amoxicillin | Clotrimazole
API/ Parameters A propionate
MF C,0H3,05 C11H1605 CgH {60, C16H19N305S | CyoH{5CIN,
MW (g/mol; <500) 352.5 196.24 144.21 365.4 344.8
HBD (<5) 2 1 1 4 0
HBA (<10) 5 3 1 6 1
Bioavailability Score | 0.5 0.55 0.55 0.55 0.55
SOLUBILITY
Water Solubility Soluble Highly Soluble Moderately Soluble
Soluble Soluble
PHARMACOKINETIC
BBB permeation Yes Yes Yes No Yes
GI absorption High High High Low High

Molecular Docking Study

Early in the drug development process, protein-ligand docking may assist in the identification of
promising compounds. Since the PyRx programme focuses on protein-ligand binding interactions,
molecular docking was utilised to verify the suggested strategy. In the discovery studio 2021, the docking
findings were analysed and visualised. The figures illustrate that Isololiolide, Amyl propionate and
Leucasperol A has a robust binding contact with the proteins and exhibits a good binding interaction. The
binding figures along with protein bonded has been reported below (Figure 5).

The binding energy of the Leucasperol A is depicting the best form of anti-microbial activity, anti-
inflammatory and hypoglycaemic activity by showing the lowest and almost similar binding energy
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compared to standard drugs against the same proteins. The binding energies (Kcal/mol) of every ligand
with different proteins has been tabulated (Table 7).

Table 7- Binding Energies of the Phytoconstituents
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Activity Ligand Protein | Binding energies

(Std. & Phyto.) | (PDB ID) (kcal/mol)
Anti-microbial Activity Leucasperol A 4DX5 8.8
5V5Z -8.6
Isololiolide 4DX5 -6.7
5V5Z -6.4
Amyl propionate 4DX5 -4.5
5V5Z 4.5
amoxicillin 4DX5 -7.7
clotrimazole 5V5Z -9.2
Anti-infl ammatory Leucasperol A 6LW5 -8.7
Activity _ LLR e
Isoliolide 6LW5 -6.7
1ILR -6.2
Amyl propionate 6LW5 -5.2
1ILR -4.1
Aspirin 6LW5 -6.4
Diclofenac 1ILR -6.1
Hypoglycaemic Activity | LeucasperolA 3BJM 8.3
6LN2 -8.4
Isololiolide 3BJM -6.2
6LN2 -6.4
Amyl propionate 3BJM -4.3
6LN2 4.5
Metformin 3BJM -5.2
Vildagliptin 6L.N?2 -7.7
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Conclusion

In conclusion, phytochemicals in Leucas aspera were screened in-silico for their potential drug-likeness.
Leucasperol A, Isololiolide, and Amyl propionate (Table 4), all derived from Leucas aspera, were
discovered to have good binding affinity (Table 7) for their respective protein targets 4DX5, 5V5Z, 6LWS5,
1ILR, 3BJM, 6LN2. Also, we can conclude that the ligands (phytoconstituents) are able to show the same
mechanism the ligands (standards) are following with the particular protein to achieve the therapeutic
action which can be made cleared by undergoing further in-vitro and in-vivo evaluation over ligands
(phytoconstituents).
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Figure 1

Leucas aspera (Willd.) [10]
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Protein 1- 4DX5 Protein 2- S3V5Z

Protein 3- BLWS Protein 4- 1ILR

Protein 5- 3BIM Protein 6- 6LN2

Figure 2

Proteins
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Figure 3
Drug-likeness Leucasperol A

Drug-likeness model score: -1.24

Figure 4

Drug-likeness Amyl propionate
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