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Abstract
To find new sources of antimicrobial and antioxidant agents, methanol extracts of Hardwickia binata Roxb were evaluated systematically. To the present
investigation for potential antibacterial and antioxidant phytochemicals in this study and also ADMET and molecular docking for CADD studies. Our results
the polyphenol content (total phenol, total flavonoid) and antioxidant capacity of methanol extracts were examined. Identify skin cancer active sites from
Hardwickia binata bioactive compounds using GCMS and molecular docking, network pharmacology. The free radical scavenging activities of the methanol
extracts also were highest, with the antioxidant activity becoming significantly greater. Furthermore, in vitro antibacterial experiments against phytopathogens
such as Staphylococcus aureus, Enterococcus faecalis, Escherichia coli and Pseudomonas aureginosa validated LE's antimicrobial efficacy. Compared to the
other pathogens Enterococcus faecalis have high zone of inhibition (14 ± 0.54). Chemical composition of crude drug extracts was also performed by identify
functional groups such as N–H, C–H, OH, and C = O in the methanol extract. GC-MS investigation revealed the existence of 30 bioactive chemicals and 7
active molecules were identify with ADMET and docking in skin cancer proteins (1P7K and 5OTE) among the phytocompounds, Quinoline, 1,2-dihydro-2,2,4-
trimethyl (-4.2 kcal/mol; -4.6 kcal/mol), Hexadecanoic acid, methyl ester (-6. kcal/mol; -6.2 kcal/mol) and 5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative
(-8.11 kcal/mol; -7.50 kcal/mol) Hardwickia binata is the best compound for the human skin cancer possessed higher binding energy. Our results indicate that
the plants can provide sources of natural compounds and the docking studies were carried out in order to predict the most probable kind of interaction,
binding affinities, and orientations of the docked ligands at the target protein's active site.

Introduction
Natural products an important role in the treatment and prevention of human ailments all over the world. Medicines have come from a variety of sources,
including plants, microorganisms, marine organisms, vertebrates and invertebrates, but medicinal herbs are a major source of both synthetic and herbal drugs.
Medicinal herbs are sold as raw medications, extracts and tinctures in the commercial market. Herbal products are becoming increasingly popular [1].
Although some herbal medications have a lot of promise and are extensively used, many of them haven't been studied and their use is also not regulated. This
limits our knowledge of their potential side effects, making it more difficult to identify the safest and most effective therapies and encourage their rational use
[2].

Secondary metabolites have therapeutic potential for disorders caused by oxidative stress. All living organisms that have an aerobic mode of respiration
produce reactive oxygen species (ROS). These ROS are found in cell metabolism, including intercellular signalling, cell defence responses, phagocytosis, and
energy production. Antioxidants keep these reactive species in balance [3]. Phytocompounds have considerable effects on a range of pharmaceutical products
[4].

Antimicrobial resistance (AMR) is a global challenge which has reduced our ability to effectively treat infectious diseases in 21st century [5]. While numerous
factors contribute to the emergence of AMR, inappropriate antibiotic prescriptions and their use in agriculture are prominent [6]. AMR-related mortality have
increased to roughly 750,000 per year, with estimates of up to 10 million by 2050 [7]. Infections due to pathogenic microorganisms cause a severe concern to
human health. Increasing cases of drug resistance, unwanted side effects of existing antibiotics and the reappearance of earlier known infections have
demanded the need for new, safe and effective antimicrobial agents [8]. Among the fungi, metabolites produced by the Trichoderma species are known to
have anticancer activity. Skin cancer is growing as a dreadful human disease as compared to other cancers. However, potent drugs to cure skin cancer are
increasingly necessary [9]. The search for anti-cancer compounds from plant sources with using the development and discovery of the various natural
compounds like vinca alkaloids, vinblastine, vincristine and cytotoxic podophyllotoxins [10]. In drug development, virtual screening like drug-likeness and
ADMET analysis are computational methods to find compounds that are likely to exhibit physiological activity [11].

Hardwickia binata is a member of the Fabaceae family, which is also known as "Anjan." It is a huge deciduous ornamental tree that grows to a height of 25–
300 feet and is dark grey. It is monotypic genus flowering plant synonyms are Hardwickia trapeziformis R. Grah. Harongana madagascariensis chois. This
genus is represented by single species Hardwickia binata. It is medicinally and economically important plant which yield hard, durable quality of timber and
used as firewood as charcoal [12]. Bark is rich in tannins used as gums and resins. The gum of this tree used to treat gonorrhoea. A decoction made from bark
is used to treat piles, toxaemia, skin disease and dysentery [13]. It is used for folklore medicine for various ailments diarrhoea, worms, indigestion and leprosy
and produce an appetizer. The leaves of Hardwickia binata are used as fodder and manure [14].

This study was conducted to determine the phytochemical composition (total phenolic and flavonoid contents) in methanol extract of Hardwickia binata, as
well as to inspect the antioxidant activity, antibacterial activity and to identify bioactive compounds using in-silico analysis and to understand the
pharmaceutical potential of the isolated compounds via network pharmacology and molecular docking.

Results And Discussion
Percentage of yield

The extraction of Hardwickia binata leaf in organic solvent showed good yield compared to others like ethyl acetate and hexane. Results showed the
significant difference in yield using different solvents. Among solvents tested, methanol showed higher extraction of Yield (3.1%) followed by ethyl acetate
(2.7%) and Hexane (2.4%), indicating the extraction efficiency favors the high polar solvents and methanol extracts showed high polyphenol and terpenoid
content [15]. Similar results were finding in Knoxia sumetrensis methanolic extract of yield 3.1% [16] and methanol extract of Citrullus colocynthis yield 3.20%
[17]. It is possible that the high yield in aqueous media is owing to the fact that most phytochemicals have electronegative functional groups, making the
compound hydrophilic in nature [18].

Qualitative analysis of H.binata
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The phytochemical screening of Hardwickia binata was analysed in methanol leaf extract. (Supplementary file, Table 1) Results shows the presence and
absence of secondary metabolites. Alkaloids, phenol, Tannin, Flavonoids, Steroids and glycosides, Carbohydrate and terpenoids were present in methanolic
leaf extract of H. binata and proteins are absent.

Quantitative analysis 

Estimation of total phenolic content 

The total phenolic content was measured using different concentration of Gallic acid equivalents in milligram per gram (mg GAE/g) of dry weight (DW). Our
results demonstrated total phenolic content of methanol extract of Hardwickia binata (Y= 0.004x + 0.018, R2 = 0.9995). Similar results were finding in
methanol extract of Ficus carica (R2= 0.953) and Olea europaea (R2= 0.973) [19]. Phenol and flavonoids are correlated to antioxidants with the ability to break
chains [20].  Phenolic compounds exhibit good antioxidant activity, because the plant extract contains the hydroxyl group responsible for facilitating free
radical scavenging [21]. Phenolics can serve as antioxidants in a range of methods. Hydroxyl groups in phenolics are good hydrogen donors: hydrogen-
donating antioxidants may interact with reactive oxygen and nitrogen species in a termination reaction, breaking the cycle of radical formation [22].

Total flavonoid content

Total flavonoid content of H. binata differs according to different concentration of sample. The results are expressed as mg/g of rutin equivalent. Total
content of flavonoid was expressed in methanol extract of Hardwickia binata leaf (Y= 0.059x + 0.019) R2= 0.996. Equivalent in previously reported the
flavonoid content of Ficus carica (R2= 0.922) and Olea europaea (R2= 0.934) [19]. Flavonoids have strong free radical scavenging of free radicals, chelation of
metal ions and oxidizing molecules to implicate various diseases [23].

Functional group identification of Methanol leaf extract Hardwickia binata

The FTIR spectrum of Hardwickia binata methanol leaf extract and ethyl acetate extracts were analysed from 500 cm-1 to 4000 cm-1 (fig.1) and the intensity
of peak, group and character (table 1). The dominant stretching aliphatic primary amine (N-H) group's intense peak 3370.50 cm-1. Stretching alkene group (C-
H) is responsible for the 2916.70 cm-1 peak and strong stretching group of carbon dioxide (O=C=O) is represented by the band at 2362.94 cm-1. The peak at
667.70 cm-1 report (C=C) strong alkene group. Strong primary alcohol group indicate the intense peak at 1053.53 cm-1. Similar results are reported in
methanolic leaf extract of Coriandrum sativum have functional group such as amines (N-H), alkene (C=C) and primary alcohol (C-O) was observed [24]. In
other studies, functional group such as N-H (amine), C-H (alkene), C=O (Primary alcohol) were observed from Schefflera vinnosa leaf extract [25]. 

Phytocompounds identification of MeoH - LE Hardwickia binata

Phytochemicals constitutions of methanol leaf extracts were identified by using GC-MS. Methanol extract show 30 compounds in chromatogram, which were
identified based on retention time between 3 to 28 min (fig. 2). The name, molecular structure, molecular formula and biological activities of the identified
compounds are given in Table 2 (supplementary file). Among these 30 compounds; six biomolecules were identified as Hydrazinecarbothiomide, Undecane,
Mome Inositol, N-Hexadecanoic Acid, 1-Hexadecanol, Acetate, 1,3-Benzenedicarboxylic Acid, Bis (2-Ethylhexyl) Ester. These reported phytomolecules have
anticancer [26] anti-allergic, anti-inflammatory [27], anti-alopecic, anti-cirrhotic, anti-neuropathic, cholesterolytic [28], antioxidant, nematicide, anti-androgenic,
Haemolytic, Pesticide [29]. In similar results were finding in Paracoccus pantotrophus contains tetratriacontane, heneicosane, hexadecanoic acid, methyl ester,
eicosane, tetracosane, 1-heptacosanal [30]. The bioactive compound of ethanol leaf extract of Pergulaia daemia was shown tetracosamethyl-
cyclododecasiloxae, 1,3 benzenedicarboxylic acid, bis (2-ethylhexyl) ester [31]. Other results were finding in endangered plant Ceropegia bulbosa chloroform
extract of whole plant shown Eicosane, hexatriacontane, octadecanoic acid [32].

Biological applications

Antibacterial activity

The H. binata of Methanol leaf extracts of antibacterial activity was carried out in disc diffusion method using gram-positive and gram negative bacteria (fig.
3). In higher zone of inhibition was observed in gram-positive bacteria    (Enterococcus faecalis and Staphylococcus aureus) compared to negative bacteria
(Escherichia coli and Pseudomonas aureginosa). In comparison of negative bacteria, positive bacteria have higher zone inhibition (Enterococcus faecalis (14
± 0.54 mm) and staphylococcus aureus (12 ± 0.63 mm) (Table 2).  In comparison of positive bacteria, negative bacterial strains have less susceptible action
because the presence of thin layer of peptidoglycan. In positive bacterial cell wall rich in peptidoglycan and polysaccharides. This structural difference may
cause the low antibacterial activity in negative bacteria (Escherichia coli and Pseudomonas aureginosa) and higher activity in positive bacterial strains
(Enterococcus faecalis and staphylococcus aureus) [33]. In similar results were finding in ethanolic extract of Psidium quayaquilense antibacterial activity
against staphylococcus aureus (14 mm) [34] and Enterococcus faecalis (17 mm) using methanolic callus extract of Saraca asoca [35]. Other results were
finding in antibacterial activity against Pseudomonas auroginosa (11 mm) in Pongamia pinnata [36] and cold water extract of Jasminum
officinale antibacterial activity against Escherichia coli (7 mm) [37].

Antioxidant activity

The DPPH technique works on the basis of reducing DPPH in the presence of a hydrogen donating antioxidant [38]. The ability of extracts to donate hydrogen
reduces the colour of DPPH. DPPH is one of the chemicals that contains a proton free radical with a distinct absorption that is greatly reduced when exposed
to proton radical scavengers [39]. Scavenging activity of H. binata was carried out in DPPH assays. The free radical inhibition were increasing concentration
(50, 100, 150, 200, 250 µg/ml) in a dose dependent manner of MeOH leaf extracts and standard were shown in fig 4. The highest free radical inhibition
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percentage was observed in maximum concentration (250 µg/ml) in 80% of inhibition. The studies clearly reveal that natural antioxidants obtained from
natural have high radical scavenging activities, which are crucial to preventing the harmful effects of free radicals in diabetes [40]. Antioxidant activity using
DPPH of H. binata IC50 (306.85 ± 3.35 µg/mL). In similar results were finding DPPH activity in Chaptalia nutans methanolic leaf extract (345.41 ± 5.35 µg/mL)
[41]. Another report were finding in Alstonia angustifolia (IC50 = 384.77 µg/mL) ethanolic leaf extract [42].

ADMET

Many potential therapeutic drugs fail to progress to clinical trials due to negative ADMET (absorption, distribution, metabolism, elimination, and toxicity)
parameters. This research includes quantitative measurements of drug-like properties, such as pKa, absorption, solubility, bioavailability, BBB penetration and
so on [43]. The Lipinski, Veber, and Igan rules are based on a review of human medication ADME properties. These principles are incredibly beneficial for
generating drugs based on the 2D structure of tiny molecules as well as the bioavailability of those molecules. All of the isolated compounds match Lipinski's
rule of five with zero violations, according to ADME's computations [44]. We also evaluate other factor like, number of rotatable bonds (n-ROTB), topological
polar surface area (TPSA), octanol-water coefficient (logP), HBD and HBA [45]. All of the compounds' Kp values are between –4.26 and –5.47 cm/s indicating
limited skin permeability. They exhibit ideal lipophilicity, according to the predicted logP values (ranging from 2.43 to 4.37). Among 27 compounds, 13
compounds exhibit high gastrointestinal (GI) absorption and 5 compounds exhibit blood–brain barrier (BBB) permeability showed in table 3, there are
Quinoline, 1,2-dihydro-2,2,4-trimethyl, Hexadecanoic acid, methyl ester, n-Hexadecanoic acid, 4,4'-((p-Phenylene) diisopropylidene) diphenol, 5-Phenyl-2,4-
pyrimidinediamine, 2TMS derivative, that according ADME prediction parameters. All of the drugs are CYP1A2, CYP2C19, and CYP2C9 inhibitors, as per the
CYP interaction results (table 4). One of most essential enzymes involved in the drug metabolism is CYP2D6 [46]. Compounds 3, 4, 23 and 26 were identified
as probable CYP2D6 inhibitors, while other compounds were identified as non-inhibitors.

Molecular docking    

The molecular docking is used to explore the molecular interaction of ligand and target. A careful examination of molecular docking interactions could aid in
the development of ligands with the properties required for efficient binding to the target receptor, resulting in the accomplishment of organizational goals
pharmacological and therapeutic Agents. Table.5 displays the binding energy, number of hydrogen bond contacts, bond length and the amino acids involved
in the interactions. The result showed that most of the ligands (1P7Kand 5OTE) established amino acid interaction frequently with AQE: 501, ALA: 86 and
PRO: 44, TYR: 36, PHE: 98.All hydrogen bond interaction showed hydrogen bond length below 2.6A°.The best docking (binding free energy) scores for all
active bio compound were found in the range with 1P7K (Quinoline, 1,2-dihydro-2,2,4-trimethyl -4.6 / amino acid residues PRO:44 (4.11),TYR:36 (4.56)TYR:87
(4.37, 4.87) PHE:98 (4.76, 3.81), Hexadecanoic acid, methyl ester  -6.2 kcal/mol/ residues of amino acids interaction LEU:46 (2.18),TYR:36 (4.44, 4.32) PRO:44
(5.02, 5.12),PHE:98 (3.63, 3.89, 4.30, 4.44),TYR:87 (3.99), and  5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative = -7.50/ amino acid residues PHE:98 (2.20,
5.29, 4.88, 4.16)TYR:87(4.16),TYR:36 (4.90)PRO:44 (4.89)) (fig. 5-7)and 5OTE (Quinoline, 1,2-dihydro-2,2,4-trimethyl-= -4.2/ residues of amino acid interaction
LYS:109 (4.82) VAL:35 (3.89) ASP:32 (2.21) CYS:36 (5.14), Hexadecanoic acid, methyl ester = -6.6,/ interaction of amino acid residues SER:221 (2.82),
THR:118 (3.70),VAL:90 (5.11) AQE:501 (4.74), PHE:87 (5.15), ALA:86 (4.71), LYS:105 (4.63) and 5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative = -8.11/
amino acid interaction THR:239 (2.26) LYS:202 (2.29), ASP:200 (3.66) ASP:218 (4.85) ALA:86 (4.82), AQE:501 (3.91, 2.10) ASP:201 (2.00)).(fig. 8-10).

Network Analysis of Protein–Protein Interactions (PPI)

Thirty-one primary hub nodes were selected and inserted into the STRING database, creating a link between two different nodes proteins/genes). The PPI
network (44 edges and 21 nodes) was constructed (Figure 11) and may be important in the pharmaceutical effect phase of oncology. GTF31, RASL12, FCHO2
and CMIP were the only three targets that did not connect with one another. A rating of 0.883 or above indicates a high level of trust. UBXN2B, UBXN7, AMN
and TRAF were two independent nodes with high degrees of trust.

Network Pharmacology 

Molecular Analysis 

At the statistical level, the p-value was 3.92e-05 <0.65. AT was mostly associated with the MF 34 and led to biological quality control, prostate gland growth,
control of prostate epithelial cell proliferation found by transmission, and gene-set enrichment analysis knowledge along with a gene analysis set
improvement for these 21 genes. GTF31, RASL12, FCHO2 and CMIP proteins have common biological functions as well molecular
functions (specifically the characteristics of protein homodimerization). The analysis of drug aims is among the most recognized techniques for
systematically discovering medicines based on ligands. Our bio-active products were found to be exposed to The best docking (binding free energy) scores for
all active bio compound were found in the range with 1P7K (Quinoline, 1,2-dihydro-2,2,4-trimethyl -4.6 / amino acid residues PRO:44 (4.11),TYR:36
(4.56)TYR:87 (4.37, 4.87) PHE:98 (4.76, 3.81), Hexadecanoic acid, methyl ester  -6.2 kcal/mol/ residues of amino acids interaction LEU:46 (2.18),TYR:36 (4.44,
4.32) PRO:44 (5.02, 5.12), PHE:98 (3.63, 3.89, 4.30, 4.44), TYR:87 (3.99), and  5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative = -7.50/ amino acid residues
PHE:98 (2.20, 5.29, 4.88, 4.16) TYR:87 (4.16), TYR:36 (4.90) PRO:44 (4.89)) and 5OTE (Quinoline, 1,2-dihydro-2,2,4-trimethyl-= -4.2/ residues of amino acid
interaction LYS:109 (4.82) VAL:35 (3.89) ASP:32 (2.21) CYS:36 (5.14), Hexadecanoic acid, methyl ester = -6.6,/ interaction of amino acid residues SER:221
(2.82), THR:118 (3.70), VAL:90 (5.11) AQE:501 (4.74), PHE:87 (5.15), ALA:86 (4.71), LYS:105 (4.63) and 5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative =
-8.11/ amino acid interaction THR:239 (2.26) LYS:202 (2.29), ASP:200 (3.66) ASP:218 (4.85) ALA:86 (4.82), AQE:501 (3.91, 2.10) ASP:201 (2.00)). The dock
complex exchanges for each ligand were analyzed and inspected with efficient remains.

KEGG and REATOME Pathways Enrichment Analysis

A total of 21 KEGG pathways (p-value < 0.05) have been mapped into active compound objectives. The results showed that EREG, EGF, TGFA, GRB2, and
HRAS were substantially enhanced throughout the pathway. The number of target mapping pathways was higher than Leukocyte transendothelial migration
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(hsa04670 number = 5), Focal adhesion (hsa04510, number = 5), Salmonella infection (hsa05132 number = 5), Regulation of actin cytoskeleton (hsa04810
number=5) and Shigellosis (hsa05131, number = 5). The objectives of active compounds were mapped to twenty-one respite pathways (p-value < 0.05). The
findings showed a substantial rise in EREG, EGF, TGFA, and GRB2 in paths. The mapping target paths were greater than the signaling paths are Smooth
Muscle Contraction (HSA-445355, number= 3).

Conclusion
To be considerable our studies based on the plants have been found to possess significant biological properties such as antimicrobial, antioxidant and wound
healing effects. To scientific evidence of results depicted that H. binata leaves extracts were potential sources of essential phytochemicals such as alkaloids,
flavonoids, phenols and tannins. The methanolic leaf extract of H. binata possessed significant antibacterial activities against certain human bacterial
pathogens. Also displayed potential in vitro antioxidant in higher concentration showed scavenging of high free radical and anti-inflammatory activities due to
the rich source of bioactive compounds responsible. The ADMET results of Hardwickia binata shows pKa, absorption, solubility, bioavailability, BBB
penetration. All of the phyto compounds are CYP1A2, CYP2C19, and CYP2C9 inhibitors, as per the CYP interaction. In silico docking of the binding energy,
number of hydrogen bond contacts, bond length and the amino acids involved in the interactions. The biomolecules and evaluation of their in vitro and in vivo
activity against anti-skin cancer is admirable of further clinical study.

Materials And Methods
Plant collection and extraction 

Hardwickia binata 

leaves were collected from Shevaroy Hills, Dharmapuri district, Tamil Nadu, India (11.8474° N, 78.2248° E) in November 2020. The collected plant leaves were
washed in running tap water and shade dried to 15 days under room temperature. The dried plant leaves were grinded using steel blender and get fine
powdered. The powdered plant samples weighed and subjected to soxhlet extraction withhexane, ethyl acetate and methanol. The extract was vaccum dried
on rotary shaker (24h at 27°C for each solvent). The extracts were stored at -4°C for further studies. The % of yield was calculated by the formula

 

2.2 Qualitative analysis of H. binata

The H. binata leaf extracts were analysed for presence of secondary metabolites. Alkaloids (Mayer’s Test), Carbohydrates (Fehling’s And Benedict’s Test),
Phenols (Fecl3 Test), Saponins (Foam Test), Tannins (Fecl3 Test), Flavonoids (Lead Acetate Test), Glycosides (Keller- Killani Test), Steroids (Salkowski’s Test)
Terpenoids (Sulphuric Acid Test) and Proteins (Biuret test) were done using standard procedures [47].

Quantitative analysis

Total Phenolic Content (TPC)

Total Phenolic Content of H. binata were quantified by Folin-Ciocalteu Method [48] with slight modification. The 1ml of leaf extract (20, 40, 60, 80, 100 µg/ml)
was mixed with 200 µl of 10% Folin-Ciocalteu reagent and allow 2 min at room temperature. After the incubation 10% of 800 µl Na2CO3 was subsequently
added and kept in dark for 1hr and absorbance was measured at 750 nm. The result was expressed as Gallic acid equivalents in milligrams per gram (mg
GAE/g) of dry weight (DW). 

Total Flavonoids Content (TFC)

Total Flavonoids Content was evaluated by aluminium chloride colorimetric method [49]. 1ml of extract (50-250 µg/ml) added with 5% of 300 µl sodium
nitrate solution and 300 µl of 10% aluminium chloride was added subsequently. Then 4% of 2ml sodium hydroxide added. The mixture was incubate 30 min
and absorbance recorded at 435nm. Rutin was as a standard to calculate. Results were expressed as Rutin equivalents in milligrams per gram (mg GAE/g) of
dry weight (DW).

Functional group identification of MeOH extract of H. binata

The functional groups of plant extracts were identified using FT-IR analysis (Perkin Elmer RXI model). The dried crude extracts were compressed into
potassium bromide (KBr) using mortar and pestle, passed through a thin disc under the pressure of 7845 kPa for 2 min, and the absorbance spectra were
documented in the range of 4000–400 cm−1.

GC-MS analysis of H. binata

The components were separated using helium as the carrier gas at a constant flow rate of 1 ml/min on a fused silica column packed with SH-Rxi- percent Sil
MS (30 m 0.25 mm ID 250m df) on a Shimadzu GCMS QP 2020. The injector temperature was set at 280°C during the chromatographic run.  The 1μL of
extract sample injected into the instrument the oven temperature was as follows: 40 °C (2 min); followed by 280 °C at the rate of 10 °C min−1 and 280 °C,
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where it was held for 3 min.  The mass detector conditions were: transfer line temperature 280 °C; ion source temperature 230 °C; and ionization mode electron
impact at 70 eV, a scan time 0.2 sec and scan interval of 0.1 sec. The fragments from 40 to 550 Da. The component spectrums were compared to a database
of known component spectrums recorded in the GC-MS NIST (2017) library.

Biological applications

Antibacterial properties 

Staphylococcus aureus, Enterococcus faecalis, Escherichia coli and Pseudomonas aureginosa were collected from microbial culture maintenance laboratory
in Department of Microbiology, Periyar University, Salem, Tamil Nadu, India. Antibacterial activity was carried out by disc diffusion method using Gram-
positive bacteria - Enterococcus faecalis, staphylococcus aureus and Gram-negative bacteria - Escherichia coli, Pseudomionas aureginosa. All bacterial strains
are subjected into nutrient broth for sub culturing purpose and broth was procured in test tubes autoclaved at 121°C for 15 min. Individually, all bacterial
strains were inoculated in sterile 5ml nutrient broth and incubate at 37°C for 24 hrs. Antibacterial activity of H. binata established in disc diffusion method and
100ml of nutrient agar was autoclaved and poured into agar plates and spread evenly. Using a sterilised swab, bacterial strains were swabbed on medium.
Three concentrations (50 and 100 µg/mL) were utilised, with Streptomycin (10 mcg) using positive control and methanol act as a negative control being
placed on the freshly prepared medium. After a 24-hour incubation period at 37°C, an inhibitory zone developed, which was measured in millimetres in
diameter [50].

Antioxidant assay of H. binata MeoH leaf Extract 

DPPH activity of H. binata

The extract was diluted to concentrations ranging from 25-125 g/mL in a series of steps. One mL of each dilution was combined with one mL of DPPH
solution (0.004% in ethanol) and incubated for 30 minutes at 37°C. Absorbance was recorded at 517 nm using spectrophotometer. Absolute ethanol was used
as negative control. Ascorbic acid used as a positive control. By plotting the percent of residual DPPH against the sample concentration, the concentration
required for a 50% inhibition of DPPH (IC50) was calculated [51].

ADMET

In Lipinski’s rule of five, ADME/T, drug-like properties using compounds with biological and/or pharmacological activity were evaluated, which was used to
evaluate if these compounds have the properties that would allow them to be a possibly orally active drug for humans [52].

Molecular Docking

Auto Dock Vina 4.2 has been used to perform docking calculations utilizing the Lamarckian evolutionary algorithms and default procedures to attach a
versatile ligand to a stiff protein. Docking computations were done on the binding and catalytic sites of each protein target. Once probable binding sites were
identified, compound docking to these sites was done to determine the most likely and energetically desirable binding conformations. To achieve robust
docking simulations incorporating a grid box at the identified binding site, AutodockVina4.2 was employed.  The completeness of each protein-compound pair
was 20. Docking array of 32 A3 with a grid spacing of 0.375A was enclosed by an active site. Affinity scores were obtained and rated based on the free energy
binding theory provided by Auto Dock Vina (in kcal/mol) (more negative value means greater binding affinity). To check the relationships use the DS Visualizer
2.5 (http://3dsbiovia.com/products/) or ‘e PyMOL Molecular Graphics Framework 2.0 programs, the resulting structures, and the binding docking poses were
graphically examined [53]. 

Network Analysis and Enrichment

STRING (https://string-db.org, accessed on 7 march 2022) was used to search the list of possible targets. A database for organic evolution, protein kinase, and
cellular mechanisms, as well as a protein interaction enrichment study, were created. In addition, the KEGG pathway database was used to distinguish the
potentially moderated routes. Plants, phytoconstituents, altered proteins, and structured pathways were all linked in the study. Edge count was used to
investigate the complete structure, which was set to "low values to tiny sizes," "low values to vibrant colours," and "low values to tiny sizes."

Statistical Analysis

All of the trials were replicated 3 times, and the data were provided as mean standard deviations (SD). Nonlinear regression curve fit was used to get the IC50,
CC50, and EC50 values (GraphPad Prism Software, Version 6 Inc., La Jolla, CA). The criterion of significance was set at 95 percent (p 0.05). Using Microsoft
Excel, the correlation coefficients between total phenolics and antioxidant activity methods were validated (2010).

Abbreviations
ADMET - Absorption, Distribution, Metabolism, Elimination and Toxicity, GCMS - Gas Chromatography Mass Spectrometry, CADD - Computer Aided Drug
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Tables
Table 1 FTIR- Fourier transform infrared spectroscopy methanolic leaves extract of Hardwickia binata 

S. No Wave number (cm-1) Intensity Bond Group Compound Functional Group

           

1 667.70 Strong Bending C=C Alkene

2 1053.53 Strong Stretching C=O Primary Alcohol

3 1455.35 Medium Bending C-H Alkene

4 1623.27 Medium Stretching C=C Conjugated Alkene

5 2362.94 Strong Stretching O=C=O Carbon Dioxide

6 2916.70 Medium Stretching C-H Alkene

7 3370.50 Medium Stretching N-H Aliphatic Primary amine

 

Table 2 Antibacterial activity of the methanol extract of H. binata leaves extract (zone of inhibition mm)

 

S.
No

 

Pathogens Zone of inhibition (mm) methanol leaf extract (µg/ml)

Positive control
(Streptomycin)

Negative
control(methanol)

methanol leaf extract (50
µl)

methanol leaf extract (100
µl)

           

1 Staphylococcus aureus 14 ± 1.22 - 10 ± 2.12 12 ± 2.63

2 Enterococcus faecalis 15 ± 1.23 07 ± 2.11 13 ± 3.11 14 ± 2.54

3 Escherichia coli 11 ± 2.11 16 ± 2.23 05 ± 4.23 07 ± 3.31

4 Pseudomonas
aureginosa

13 ± 1.14 08 ± 3.12 08 ± 5.21 10 ± 3.35

  

Table 3 In Silico predicted physiochemical properties of 27 plant derivate.
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S.
No

Compound Name MF Heavy
atoms

Aromatic
heavy
atoms

Fraction
Csp3

Rotatable
bonds

H-bond
accepters

H-
bond
donors

TPSA

1.  
Hydrazinecarbothioamide CH5N3S 5 0 0 1 1 3 96.16

1.  
Undecane C11H24 11 0 1 8 0 0 0

1.  
Quinoline, 1,2-dihydro-2,2,4-trimethyl- C12H15N 13 6 0.33 0 0 1 12.03

1.  
Phenol, 2,4-Bis (1,1-Dimethylethyl)- C22H30O 23 12 0.45 4 1 1 20.23

1.  
Tetratriacontane C34H70 34 0 1 31 0 0 0

1.  
Heneicosane C21H44 21 0 1 18 0 0 0

1.  
Heneicosane C21H44 21 0 1 18 0 0 0

1.  
Hexadecanoic acid, methyl ester C17H34O2 19 0 0.94 15 2 0 26.3

1.  
n-Hexadecanoic acid C16H32O2 18 0 0.94 14 2 1 37.3

1.  
Eicosane C20H42 20 0 1 17 0 0 0

1.  
Manganese, [[1,2-Ethanediylbis[Carbam] C4H6MnN2S4 11 0 0.5 5 0 2 88.24

1.  
Hexadecanoic acid, 16-methyl-,methyl ester C21H40O4 25 0 0.9 18 4 0 52.6

1.  
Octadecanoic acid C18H36O2 20 0 0.94 16 2 1 37.3

1.  
Eicosane C20H42 20 0 1 17 0 0 0

1.  
1-Hexadecanol, Acetate C18H36O2 20 0 0.94 16 2 0 26.3

1.  
Tetracosane C24H50 24 0 1 21 0 0 0

1.  
Hexatriacontane C36H74 36 0 1 33 0 0 0

1.  
1-Heptacosanol C27H56O 28 0 1 25 1 1 20.23

1.  
2,2,4,4,6,6,8,8,10,10,12,12,14,14,16,16,18,18,20,20-
Icosamethylcyclodecasiloxane

C20H60O10Si10 40 0 1 0 10 0 92.3

1.  
Bis (2-ethylhexyl) phthalate C24H38O4 28 6 0.67 16 4 0 52.6

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 48 0 1 0 12 0 110.76

1.  
Dotriacontane C32H66 32 0 1 29 0 0 0

1.  
4,4'-((p-Phenylene)diisopropylidene) diphenol C24H26O2 26 18 0.25 4 2 2 40.46

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 48 0 1 0 12 0 110.76

1.  
1,3-Benzenedicarboxylic acid, bis (2-ethylhexyl)
ester

C24H38O4 28 6 0.67 16 4 0 52.6

1.  
5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative C16H26N4Si2 22 12 0.38 5 2 2 49.84

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 48 0 1 0 12 0 110.76
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Table 4 ADME predicted physiochemical properties for 27 plant derivate 

S.
No

Compound Name MF Molecular
Weight

Absorption CYP1A2 CYP2C19 CYP2C9 CYP2D6 C

1.  
Hydrazinecarbothioamide CH5N3S 91.14 High No No No No N

1.  
Undecane C11H24 156.31 Low Yes No No No N

1.  
Quinoline, 1,2-dihydro-2,2,4-trimethyl- C12H15N 173.25 High No No No Yes N

1.  
Phenol, 2,4-Bis (1,1-Dimethylethyl)- C22H30O 310.5 High No Yes No Yes N

1.  
Tetratriacontane C34H70 478.9 Low No No No No N

1.  
Heneicosane C21H44 296.6 Low Yes No No No N

1.  
Heneicosane C21H44 296.6 Low Yes No No No N

1.  
Hexadecanoic acid, methyl ester C17H34O2 270.5 High Yes No No No N

1.  
n-Hexadecanoic acid C16H32O2 256.42 High Yes No Yes No N

1.  
Eicosane C20H42 282.5 Low Yes No No No N

1.  
Manganese, [[1,2-Ethanediylbis[Carbam] C4H6MnN2S4 265.3 High No No No No N

1.  
Hexadecanoic acid, 16-methyl-,methyl ester C21H40O4 356.5 High Yes No Yes No Y

1.  
Octadecanoic acid C18H36O2 284.5 High Yes No No No N

1.  
Eicosane C20H42 282.5 Low Yes No No No N

1.  
1-Hexadecanol, Acetate C18H36O2 284.5 High Yes No No No N

1.  
Tetracosane C24H50 338.7 Low Yes No No No N

1.  
Hexatriacontane C36H74 507 Low No No No No N

1.  
1-Heptacosanol C27H56O 396.7 Low No No No No N

1.  
2,2,4,4,6,6,8,8,10,10,12,12,14,14,16,16,18,18,20,20-
Icosamethylcyclodecasiloxane

C20H60O10Si10 741.5 Low No No No No N

1.  
Bis (2-ethylhexyl) phthalate C24H38O4 390.6 High No No Yes No Y

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 889.8 Low No No No No N

1.  
Dotriacontane C32H66 450.9 Low No No No No N

1.  
4,4'-((p-Phenylene)diisopropylidene) diphenol C24H26O2 346.5 High No Yes No Yes N

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 889.8 Low No No No No N

1.  
1,3-Benzenedicarboxylic acid, bis (2-ethylhexyl)
ester

C24H38O4 390.6 High No No Yes No Y

1.  
5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative C16H26N4Si2 330.57 High Yes Yes No Yes Y

1.  
Tetracosamethyl-cyclododecasiloxane C24H72O12Si12 889.8 Low No No No No N
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Table 5 Binding energy, number of hydrogen bond contacts, bond length and the amino acids involved in the interactions 

 

S.
No

 

Compound Name Binding
Energy

Amino Acid Interaction

50TE 1P7K 50TE 1P7K

           

1 Quinoline, 1,2-dihydro-
2,2,4-trimethyl-

 

-4.2

 

-4.6

LYS:109 (4.82) VAL:35 (3.89) ASP:32 (2.21)CYS:36
(5.14)

PRO:44 (4.11),TYR:36 (4.56)TYR:87 (4.37,
4.87) PHE:98 (4.76, 3.81)

2 Hexadecanoic acid,
methyl ester

-6.6

 

-6.2 SER:221 (2.82), THR:118(3.70),VAL:90 (5.11)
AQE:501 (4.74),PHE:87 (5.15),ALA:86 (4.71),
LYS:105 (4.63)

LEU:46 (2.18),TYR:36 (4.44, 4.32) PRO:44
(5.02, 5.12),PHE:98 (3.63, 3.89, 4.30,
4.44),TYR:87 (3.99)

3 5-Phenyl-2,4-
pyrimidinediamine,
2TMS derivative

-8.11 -7.50 THR:239 (2.26) LYS:202
(2.29),ASP:200(3.66)ASP:218(4.85)ALA:86
(4.82),AQE:501 (3.91, 2.10)ASP:201 (2.00)

PHE:98 (2.20, 5.29, 4.88,
4.16)TYR:87(4.16),TYR:36 (4.90)PRO:44
(4.89)

 

Figures

Figure 1

FTIR spectrum analysis of methanolic leaves extract of Hardwickia binata and their probable functional groups with wavenumbers. N–H, C–H, C=O functional
groups were observed which designate the presence of various metabolites in plant extracts.
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Figure 2

Chemical composition of methanolic extract of Hardwickia binata leaf extract.

Figure 3

Antibacterial activity of H. binata crude extract against human pathogens (50 µl, 100 µl, Positive control - Streptomycin, Negative control - Methanol).
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Figure 4

antioxidant activity (DPPH Assay) of H. binata methanolic leaf extract in different concentration. The values expressed as mean ± SD values, analyzed by
Two-way analysis of Variance (ANOVA). Followed by Dunnett’s multiple comparison tests (P<0.06; P<0.001; P <0.0001). Asterisk (*) (**) (***) indicates
significance differences among treatments compared in control groups.

Figure 5

(a-d) The interaction of the 2D ligand (Quinoline, 1,2-dihydro-2,2,4-trimethyl-) with protein 1P7K, a) 2D ligand interaction, b) 3D ligand complex interaction c)
3D complex interaction d) 3D Hydrogen surface of complex with the possible H-bond donor and acceptor groups. 
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Figure 6

(a-d) 2D and 3D docking interactions between (Hexadecanoic acid, methyl ester) with protein 5OTE, a) 2D ligand interaction, b) 3D complex interaction, c) 3D
complex interaction d) 3D Hydrogen surface of complex with the possible H-bond donor and acceptor groups. 

Figure 7
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(a-d) Docking structure of 5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative bound with 1P7K protein fragment in presence of (a) The interaction of the 2D
ligand, (b) The 3D structure of the ligand with protein, c) 3D complex interaction d) The interaction of the ligand with protein 1P7K with the possible H-bond
donor and acceptor groups. 

Figure 8

(a-d) 2D and 3D Molecular docking interactions between (Quinoline, 1,2-dihydro-2,2,4-trimethyl-) with protein 5OTE, a) 2D ligand interaction, b) 3D complex
interaction, c) 3D complex interaction d) 3D Hydrogen surface of complex with the possible H-bond donor and acceptor groups. 
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Figure 9

(a-d) 2D and 3D docking interactions between (Hexadecanoic acid, methyl ester) with protein 5OTE, a) 2D ligand interaction, b) 3D complex interaction, c) 3D
complex interaction d) 3D Hydrogen surface of complex with the possible H-bond donor and acceptor groups. 

Figure 10

(a-d) 2D and 3D Ligand-receptor interactions of compounds (5-Phenyl-2,4-pyrimidinediamine, 2TMS derivative) with 5OTE a) 2D ligand interaction, b) 3D
complex interaction, c) 3D complex interaction d) 3D Hydrogen surface of complex with the possible H-bond donor and acceptor groups. 
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Figure 11

Protein–protein interaction (PPI) networks of bioactive components of Hardwickia binata for the treatment of skin cancer. Each node represents the relevant
gene, the edge means line thickness indicates the strength of data support. Protein-protein interaction network of targets related to cancer. The colored nodes
represent candidate proteins and colored lines represent protein interactions. Light green - represents text mining; Black - represents co-expression; Light blue-
represents known interactions from curated databases; State blue - represents protein homology; Magenta- represents experimentally determined known
interactions; Green - represents predicted interactions between neighbourhood genes; Red - represents predicted interactions of gene fusion; and Blue –
represents predicted interactions between co-occurred genes.
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