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ABSTRACT: Plant-source bioactive compounds are crucial potential drugs against therapeutic dieses. The present study investigated
four bioactive compounds isolated from Wrightia tinctoria R.Br. leaves, named compound -1, compound -2, compound-3, and
compound-4. These compounds are identified by TLC and separated by HPLC, while compounds are characterised by UV, FT-IR,
1HNMR, 13CNMR, and mass spectroscopy. All four compounds exhibit potent antibacterial and antioxidant activity. MEP, EHOMO,
ELUMO, and global properties of all isolated compounds are computed by DFT methods. The molecular docking study showed that
most of the isolated compounds, especially compounds 3 and 4, interact strongly with 4PYP, with the highest binding energies
maintaining the high cytotoxic activity of these compounds against HepG-2 cells in the experimental part. Bioactivity Score, Drug-
Likeness, and ADMET studies supported the potential biological activities of most isolated compounds, especially compounds 3 and
4, and also created attention for developing them to act as good candidates.

Keywords: Bioactive, DFT, Molecular docking, 4PYP, HepG-2, ADMET.

1. INTRODUCTION

Plants have been a vital source of medicinal substances for thousands of years, with many contemporary remedies derived from
natural origins. The importance of plants in drug discovery can be seen in several areas.! Plants have been used in traditional medicine
for centuries, with ancient civilizations such as the Egyptians and Chinese documenting their use. The Ebers Papyrus, an ancient
Egyptian medical manuscript, contains over 700 herbal remedies.Plants have inspired the design, discovery, and development of new
drugs®. Many plant-derived natural products have been commercialized as pharmaceutical medications, such as Paclitaxel derived
from Taxus brevifolia, used to treat lung, ovarian, and breast cancer®. Artemisinin derived from Artemisia annua, used to treat
malaria. Silymarin derived from Silybum marianum, used to treat hepatic disorders. Digitoxin derived from the foxglove plant, used
to manage cardiac ailments®.

Plant-based pharmaceutical techniques offer an efficient, cost-effective, and safe alternative to conventional procedures. Plant-
made pharmaceuticals can provide patients with greater and quicker access to medications®. The continuous exploration of global
biodiversity and the development of new technologies will likely lead to the discovery of more plant-derived natural products with
therapeutic potential®. Researchers are working to standardize herbal remedies and identify analytical marker biomolecules to support
future drug discoveries.Some notable benefits of plant-derived natural products include, plants offer a vast array of structural
diversity, which can lead to the discovery of new medications. Plant-derived natural products have shown promise in treating various
diseases, including cancer, malaria, and cardiac ailments’. Plant-based pharmaceuticals can be more cost-effective than traditional
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methods.Overall, plants continue to play a significant role in drug discovery and development, offering a wealth of opportunities for
future research and innovation®.

Density Functional Theory (DFT) is a computational method that has become increasingly important in drug discovery,
particularly in the study of isolated compounds from plants®. DFT provides a powerful tool for understanding the electronic structure
and properties of molecules, which is crucial in designing and optimizing lead compounds. DFT calculations can predict various
molecular properties, such as energy levels, molecular orbitals, and electrostatic potential, which are essential in understanding the
reactivity and interactions of molecules'®. DFT studies can help establish SARs (Structure-Activity Relationship) by analyzing the
electronic structure and properties of molecules and their biological activity'. DFT calculations can be used to predict the binding
affinity and orientation of molecules to target proteins, which is critical in drug design.DFT studies can predict ADME (Absorption,
Distribution, Metabolism, and Excretion) properties, such as solubility, permeability, and metabolism, which are essential in drug
development!?. DFT calculations can be performed computationally, reducing the need for expensive experimental methods. DFT
studies can provide rapid insights into molecular properties and behavior, accelerating the drug discovery process. DFT calculations
can provide accurate predictions of molecular properties and behavior, guiding experimental design and optimization®. DFT studies
play a vital role in drug discovery, particularly in the study of isolated compounds from plants. By providing insights into molecular
properties and behavior, DFT calculations can help optimize lead compounds and accelerate the drug discovery process!4.

The leaves of Coccinia grandis (L.), sometimes referred to as ivy gourd leaves, are used in traditional medicine to treat a number
of conditions, such as burns, pneumonia, jaundice, and skin eruptions'®. They are also thought to have wound-healing, antioxidant,
and antidiabetic qualities. The leaves' therapeutic qualities are a result of the vitamins, minerals, and phytochemicals they contain
Beta-carotene and flavonoids, which have antioxidant properties, are found in Coccinia grandis (L.) leaves®. According to research,
Coccinia grandis (L.) can lower blood sugar levels by boosting insulin synthesis and blocking enzymes involved in glucose
metabolism'’. Coccinia grandis (L.) extract has been shown in studies to facilitate wound healing in vitro.The bioactive components
in the plant may help shield the kidneys from diabetic kidney damage®®. Extracts from Coccinia grandis (L.) have been shown in
several investigations to possess antibacterial properties against specific bacteria'®. It's important to speak with a healthcare provider
before utilising Coccinia grandis (L.) for medical purposes, even if it has showed promise in both traditional and scientific
investigations?®. To completely comprehend its effects and possible negative effects, more research is required.Qualified medical
professionals should decide whether the plant is safe and effective for a certain ailment?. The present work involved the isolation and
identification of natural components from the seed of Coccinia grandis (L.) methanolic extract. Coccinia grandis (L.) has yielded four
newly identified bioactive compounds. Compound 1, which was a steroid, was selected for additional in vitro and in silico study
because of its similarity to cholesterol. Numerous biological actions for a range of human illnesses and conditions may be present in
these natural substances. These bioactive substances may prove to be a valuable source for new drug development in the future and
guarantee therapeutic necessity.
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The only secondary metabolites on Earth with the ability to absorb UV rays are the bioactive chemicals found in abundance in
Coccinia grandis (L.) leaves. Therefore, methanolic extract that is high in flavonoids, alkaloids, and lipids can be utilised safely to
prepare clinical medications, make antioxidant herbal drinks, and even produce anti-cancer chemicals by bioactivity-guided
fractionation. Using flash column chromatography, four chemicals were extracted from Coccinia grandis (L.). These four compounds
were the first isolated reports from Coccinia grandis (L.) and were identified by spectroscopic data. The majority of the chemicals can
be used to treat a variety of illnesses. The purpose of this research is to identify novel plant potentials as therapeutic targets.

A research paper that focusses on the isolation, characterisation, and DFT study of a bioactive compound from a plant extract
would include several important steps: first, the bioactive compound would have to be extracted from the plant material using
techniques like solvent extraction or maceration; next, the extract would be subjected to different separation techniques
(chromatography, etc.) to isolate the target compound; after that, the structure of the compound would be characterised using
techniques like spectroscopy (IR, NMR); and lastly, a DFT study would be conducted to discover the electronic structure and
properties of the compound, which could reveal information about its bioactivity??. The conventional oral dosages of cefdinir for
treatment of lung infectious diseases have multiple drawbacks such as orally given drugs cannot provide sufficient amount of drug for
the lung site that requires increased amounts of dose due to this there is a need to have dosage such as DPI23, In this research, the
functioned MWCNTSs were loaded with cefdinir drug which has efficient treatment against CF lung infections, which is evaluated by
particle size, flow properties, release kinetics, in vitro, and in vivo deposition study, and acute inhalation toxicity study. Applications
of density functional theory (DFT) to explain a wide range of issues of pharmaceutical and biological interest have been becoming
more and more popular. Due to their usage in determining the reactivity and bioactivity of compounds utilised in biomedical
applications, dipole moment and global characteristics are of great interest?*,

2. MATERIALS AND METHODS:
2.1 Preparation of plant extracts:

To extract chemicals with a wide range of polarity, the plant extracts were made using a serial exhaustive extraction approach.
First, 500 grammes of the powdered samples were put in a stoppered container with hexane as the solvent. They were then let to stand
at room temperature for 21 days (72 hours) while being constantly stirred to dissolve the soluble material. Following that, Whatman
No. 1 filter paper was used to filter the extract. After being air dried, the remaining marc was extracted once more using the solvent
ethyl acetate for a further 21 days. Methanol extraction was the next step. A separate aqueous extract was made by extracting the dry
ground sample with water.

2.2 TLC Profile:

The crude extracts of Wrightia tinctoria R.Br. Physalis minima Linn., Diplocyclos palmatus (L.) Jeffery were subjected to TLC in
solvents of different polarity range at different ratios. Each of the four extracts were run in eight different solvent systems viz., PE:
EA=9:1, PE: EA=8.5:15, PE: EA=8:2, PE: EA=7.5: 2.5, PE: EA=6.5: 3.5, PE: EA: M =9: 0.5: 0.5, PE: EA: M = 8: 1.5: 0.5, PE:
EA: M =7.5: 1.5: 1 on analytical plates over Silica gel (TLC grade, Merck India).

JETIR2505752 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g529


http://www.jetir.org/

© 2025 JETIR May 2025, Volume 12, Issue 5 www.jetir.org (ISSN-2349-5162)

2.3 Column Chromatography:

Using petroleum ether as a solvent, 500g of silica gel (4x100cm) was used for column chromatography in order to separate the
constituents of the plant crude extract. Before being used, the column was thoroughly dried and cleaned with petroleum ether. Over
the silica gel, 10g of an ethanolic stem extract of Coccinia grandis (L.) seeds was applied. Solvents such as petroleum ether,
chloroform, ethyl acetate, ethanol, and water were then used one after the other to elute the column. For additional analysis, the
column fractions were gathered in 20 ml test tubes.

2.4 Characterization:

Melting points in capillaries made of open glass were not noted. Using an ATR Bruker alpha FT-IR spectrophotometer (R. C. Patel
College, Shirpur, India), the IR and UV-visible spectra were captured on a Shimadzu. Thermo Finnigan, calibrated using the K-factor
method (Punjab University, Chandigarh, India), performed NCHS analyses; a Brucker spectrophotometer (SSPU Pune, India)
recorded 13C and 1H NMR spectra at 500.13 MHz; and Wockhart R & D Lab, Aurangabad, India, Single Crystal Instrument, verified
the LC-MS. Model: University of Hyderabad, India; X-ray wavelength: Mo; x-cen: 390.4189; y-cen: 185.8663; distance: 51.0000;
beam: -0.0435 (Model Interpol. in use). The reference books and table charts on the Sigma-Aldrich website were expected to provide
the interpretation of all the separated compounds' spectrum data.

2.5 Computational Methods

The quantum computational studies for the examined compounds 1 to 4 were carried out in the gas phase using the ORCA
program package (version 4.0.1). The atomic co-ordinates of all compounds were building using the Avogadro software?®, and
then further processed to generate the ORCA input file for the geometry optimization calculations. The DFT- B3LYP method
with 6-311G(d,p) and 6-311+G(d,p) basis set were used for all the geometry optimizations and energy calculations?6:27:2829,

3. RESULT

3.1 Spectral Data of Isolated Compounds
3.1.1 Compound - 1

3.1.1.1 UV-Visible: The UV-Visible spectroscopy analysis for compound-1 Figure 3.4 (B) showed the major absorption bands at
263nm and maximum absorbance at 3.248

3.1.1.2 FTIR (Fourier Transformation Infrared) cm™: C=C Stretching: 1628.40 cm™ — 1604-41 cm™; C=C bending: 937.40 cm; —
C-N Aromatic amine: 1235.53 cm™; —CH3 group: 1445.22 cm® ; C=0 carbonyl group: 1734.52 cm™; —-CHO group: 2984.74 cm™; —
OH group: 3377.61 cm™*; —OH alcohol bending: 1372.28 cm™; Aromatic group: 1500.54 cm™ ; C-O—C ether group: 1043.12 cm™

3.1.1.3 The exhibiting signals at tHNMR (500.13 MHz; DMSO d6) & ppm: 7.00 (s, 1H, -CHO); 4.05 - 4.00 (s, 1H, ~OH); 3.32—
2.52 (s, 3H, —OCHj3); 2.51 — 2.49 (s, 3H, —CH3); 2.08 — 1.98 (t, 3H, —CH); 1.18-1.16 (d, 2H, cyclic —CH.

3.1.1.4 *CNMR (500.13 MHz; DMSO d®) ppm: 14.55 (methyl carbon); 114.32 — 116.25 (ring C=C); 60.22 (C-O-CHj3); 21.22—

40.57 (carbonyl carbon); 170.81 (carboxylic ester); 39.48-31.15 (cyclic N-CHs); 40.57-40.48 (cyclic —CHy); 129.25 (cyclic
ethylene).

3.1.2Compound -2
3.1.2.1 UV-Visible: Major absorption bands at Amax of 252nm and at maximum absorbance is 1.77

3.1.2.2 FTIR (Fourier Transformation Infrared) cm™: Aliphatic / Aromatic ester: 1215.88 cm™; ~CHs group: 1377.78 cm?; C=0
carbonyl group: 1638.52 cm*; —OH group: 3312.84 cm™; Aromatic group: 1480.72 cm™; C-O-C ether group: 1109.31 cm™

3.1.2.3 'HNMR (500.13 MHz; DMSO d6)  ppm: 8.31 (dd, 4H, Ar); 3.40-3.31 (s, 6H, — OH); 1.10 (s, 3H, ~CH3-); 2.50 (t, 5H, —
CH-); 2.49 (p, 5H, —~CH), 1.10 -1.07 (d, 1H, cyclic —CH-).

3.1.2.4 3°CNMR (500.13 MHz; DMSO d6) ppm: 15.63 (methyl carbon); 65.38 (C—-O—C); 39.48 (carbonyl carbon); 40.24 — 40.07
(cyclic —CH2-); 79.64 (cyclic —CH-).
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3.1.3 Compound -3

3.1.3.1 UV-Visible: Major absorption bands at Amax 0f 252nm and at maximum absorbance is 1.777.

3.1.3.2 FTIR (Fourier Transformation Infrared) cm™: Aromatic ether: 1270.66 cm™; — CH3 group: 1379.85 cm-1 - 1326.66 cm®; —
OH group: 3329.45 cm™; —CH bending overtone (weak): 2008.07 cm™ —1921.75 cm™; Aromatic group: 1498.54 cm™ -1450.20 cm;

C-O-C group: 1174.38 cm™; —CH bending: 879.71 cm™.

3.1.3.3'HNMR (500.13 MHz; DMSO d6) & ppm: 7.00-6.99 (s, 2H, Ar); 4.97-4.33 (s, 3H, ~OH); 1.98 (s, 6H, —-CH3); 2.50-2.49 (d,
12H, —CHj3); 3.46 (m, 1H, terminal -CH-); 2.49 (p, 2H, —CH), 2.50 (t, 4H, cyclic —-CH>-); 3.16 (t, 1H, chain —CH»-); 2.50 (p, 15H,
chain —CH-)

3.1.3.4 BCNMR (500.13 MHz; DMSO df) ppm: 19.01 (methyl carbon); 56.49 (C-O-C); 40.07 — 40.57 (cyclic —-CH,-); 49.06
(cyclic -CH-); 114.31 — 116.08 (ring C=C); 129.25 — 149.05 (Carbon in aromatic rings)

3.1.4 Compound -4
3.1.4.1 UV-Visible: Major absorption bands at Amax 0f 252nm and at maximum absorbance is 1.777

3.1.4.2 FTIR (Fourier Transformation Infrared) cm™: C=C Stretching: 1635.73 cm?; C=C bending: 1015.51 cm-!; —OH group:
3269.14 cm*; —CH bending overtone (weak): 2038.24 cm™.

3.1.4.3 'HNMR (500.13 MHz; DMSO df) 5 ppm: 8.31 (dd, 2H, Ar); 4.03-4.00 (s, 1H,  —OH); 1.18-1.16 (s, 12H, ~CHs); 1.98 (q,
4H, ~CH,-); 2.49-2.08 (d, 3H, ~CH-); 2.50 (t, 12H, ~CH,-), 3.32 (m, 6H, CHs-C-CH,-); 2.49 (t, 2H, -CH-)

3.1.4.4 BCNMR (500.13 MHz; DMSO df) ppm: 14.43 (methyl carbon); 40.55-40.05 (cyclic ~CHy); 39.96-31.42 (cyclic ~CH-)

3.2 DFT Calculations Studies

Table 1: Thermal parameter and dipole moment (Debye) of compound 1, 2, 3 and 4

Parameters 1 2 3 4
Etot -628.7692 -1566.3809 -1245.8396 -1128.8276
Total Dipole Moment 2.25475 7.66962 2.98433 1.21705

Etot: Sum of electronic and thermal energies

3.3 Frontier Molecular Orbitals

Frontier molecular orbitals (FMOs) are the highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO). Usually, in FMOs the HOMO s acts as an electron donor, while, the LUMO is acting as an
electron acceptor and they have been used for the study of several important quantum chemical parameters such as
chemical reactivity, aromaticity, conjugation and lone pair. The FMOs can control the binding mode of the drugs with
other receptor molecules and gives accurate qualitative information about the probability of the electrons to transfer from
the HOMO to the LUMO. Recently, numerous scientific studies showed that there is a correlation between FMOs of the
drug molecules for the study of several biological activities such as anticancer®®!, antifungal®?, antimicrobial 3 and
cytotoxic activities®* which can be useful in the new drug-design field*>.
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3.4 Chemical Reactivity Descriptors

Table 2: Calculated electronegativity (y), global hardness (#), softness (J), global electrophilicity index (w), the ionization potential
(1) and the electron affinity (A) (in eV) of investigated compound 1, 2, 3 and 4

Compound 1 2 3 4
Enomo -3.8938 -5.9084 -5.1453 -5.2217
ELumo -1.3811 -1.6587 -0.0337 -0.4102

AE 2.5127 4.2497 5.1116 4.8115
x 2.6374 3.7835 2.5895 2.8159
n 1.2563 2.1248 2.5558 2.4057
0 0.7959 0.4706 0.3912 0.4156
1) 2.7683 3.3685 1.3118 1.6480
I 3.8938 5.9084 5.1453 5.2217
A 1.3811 1.6587 0.0337 0.4102

LuMmo
(-1.3811 eV)

AE= 2.5127 eV

HOMO
(-3.8938 eV)

Fig 1A: Optimized geometry of compound 1 obtained at the B3LYP/ 6-311G(d,p)

Figure 1B: FMOs of compound 1.
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(-1.6587 eV)

AE=4.2497 eV
w
.
HOMO
(-5.9084 eV)
Fig 2A: Optimized geometry of compound 2 obtained at the B3LYP/ 6- 311G(d,p).

Figure 2B: FMOs of compound 2.

Fig 3A: Optimized geometry of compound 3 obtained at the B3LYP/ 6-311G(d,p).
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LUMO T
(-0.4102 eV)

AE= 4.8115 eV

HOMO
(-5.2217 eV)

Figure 3B: FMOs of compound 3.

Fig 4A: Optimized geometry of compound 4 obtained at the B3LYP/ 6-311G(d,p)
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3
gt

LUMO
(-0.0337 eV)

AE= 5.1116 eV

HOMO
.Q (-5.1453 eV) &
3> .4.97%4’

Figure 4B: FMOs of compound 4.
3.5 CARTESIAN COORDINATES OF ALL THE COMPOUNDS:

CARTESIAN COORDINATES (ANGSTROEM)
Table 3: Atomic Cartesian coordinates for all 6-31G** optimized compounds

Compoud 1 Compound 2

1.801 2112 | 0.973 1.979 2.866 1.508

O

1.081 | -0.160 -0.090

0.512 2.105 | 0.578 3.837 3.604 2.249

2.333 | -0.321 0.655

0.108 0.919 | 0171 2.968 3.408 0.165

3.084 | 0.899 0.904

1.445 0.925 0.236 0.471 4.246 3.633

4121 | 1.136 -0.219

2.200 2.118 | 0.240 3.927 1.676 0.030

5.052 | 0.060 -0.249

1.548 3.306 0.159 1.283 2.348 2.968

4.445 | -1.175 -0.140

0.212 3.297 0.568 1.018 1.518 2.278

5.251 | -2.223 -0.462

3.635 2.199 0.674 2.507 2.912 2.572

6.393 | -2.394 0.397

4.083 3.418 0.966 1.416 1.759 4.377

3.167 | -1.361 0.237

5.307 3.692 | 1.389 2.159 0.927 4.347

2.580 | -2.600 0.268

5.662 5.139 1.615 1.873 2.760 5.253

4912 | 2414 -0.038

7.181 5369 | 1.731 2.338 1.306 0.992

4391 | 3.491 0.104

7.452 6.694 | 2.112 0.448 161 0.011

0.394 | 0.460 0.487

7.783 4369 | 2.710 0.010 0.569 1.848

0.629 | -1.140 -0.232

7.622 2.935 2.164 2.073 4.253 0.167

1.232 | 0.301 -1.080

7.965 2.025 | 3.179 0.261 | 4.221 0.876

3.618 | 0.809 1.855

6.228 2.652 1.601 5.123 5.475 2.527

2409 | 1.752 0.964

5.835 1.345 1.263 5.306 5.750 0.757

3.586 | 1.189 -1.181

6.626 0.433 | 1.427 7.657 5.196 0.740

6.913 | -3.283 0.042

4.528 1.094 | 0.770 7.072 6.832 3.019

6.074 | -2.536 1.435

0.149 0.389 | 0.168 7.250 | 4.475 3.682

7.056 | -1.528 0.330

1.241 0.042 | 0.886 8.863 | 4.569 2.882

3.195 | -3.208 -0.160

ITIITIT|IT|IT|IT|IT|IT| T IO O00O0OOO00OO0OZ

2.279 4.847 0.929 8.327 2.780 1.318

6.014 | 2.278 -0.038

2.788 3.536 1.139
3.176 4.007 | 3.377
1.950 4270 | 4.675
2471 4.240 | 2.593

7.259 2.074 3.877
0.322 3.178 1.092
2.495 2.963 1.581
2.2640 | 6.041 2.3

I T IT|OO0OOOO0OO0OO0OOO0000no0Ononnononono
I I I T IT|IT|IT|IT|IT|IT| ||| T|OIT|OOITO|O|IT|OIO|I
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Compound 3 Compound 4

2.981 0.422 175

T

1.720 | 2.820 | 0.521

2.128 | 2.471 | 1.277 1.082 | 0.078 1.231

2.690 1.021 1.209 1.034 | 1.345 0.133

2.033 | 1.348 | 0.277 2.185 | 3.461 | 0.780

1.867 1.038 2.505 3.797 | 2.436 0.888

2.022 | 1.660 1.2 3.038 | 2342 | 1.901

1.985 1.837 0.108 2.989 | 1.093 1.665

1.954 | 0.079 | 0.733 1.233 | 2466 | 1.936

2.808 2.053 1.169 2.059 | 4.011 1.671

1.864 | 1.118 | 0.176 2.092 2.751 1.388

2.179 3.040 2.168 2.888 | 3.213 2.984

1.806 | 2.460 | 0.568 1.079 | 1.294 | 1.657

0.813 2.633 2.750 0.079 | 2579 | 1.937

0.434 | 3.099 | 0.983 2.886 | 1.171 | 1.698

0.763 1.309 3.541 0.466 | 3.442 3.408

0.195 | 3.205 | 0.072 1.969 | 0.084 | 1.804

1.099 0.501 2.877 2.733 | 1.524 4.474

0.775 | 4546 | 1.424 2.818 1.099 0.749

1.696 1.337 4.761 1.679 | 0.390 5.306

0.475 | 2.456 | 2.098 1.034 1.062 0.910

0.694 0.996 3.937 1.396 | 2.129 | 5.458

1122 | 3.316 | 2.397 2533 | 2461 | 1410

0.934 0.398 4.531 1.326 | 1.107 | 3.046

0.188 | 2.033 | 3.434 2211 | 3.171 | 0.188

2.418 0.673 4.813 1.041 | 1.758 4.649

0.812 | 1.049 | 4.094 1.324 5.001 0.627

2.747 2.096 5.310 0.356 | 0.510 5.453

2.099 | 1.230 | 3.284 0.145 5.137 1.624

2.324 2.805 4.583 0.554 | 1.157 3.833

2.530 | 2.203 | 3.626 1401 | 4541 | 2343

2.114 2.386 6.680 2.986 | 0.488 3.893

3.256 | 0.257 | 3.378 1160 | 1517 | 3.318

4.275 2.307 5.326 2.789 | 0.054 5.548

3.3 4322 | 0.692 0.349 2.947 4.047

4.738 3.749 5.583 1.028 | 2.270 6.656

4509 | 4548 | 1.493 0.446 0.016 3.922

6.263 3.888 5.481 2.320 | 3.406 7.014

5.574 | 3.732 | 1.435 0.912 1.172 5.194

6.841 5.294 5.716 2.506 | 1.700 7.439

6.778 | 4.012 | 2.321 2.472 5.8 0.833

6.522 5.819 7.123 4.681 | 1.980 4.361

8.061 | 3.998 | 1.477 4514 | 5405 | 2.160

6.426 6.280 4.612 4719 | 1.644 6.081

8.949 | 4108 | 2.142 6.861 | 3.222 | 3.095

7.169 7.613 4.734 4.405 | 4.073 6.574

8.045 | 5.048 | 0.543 6.685 4977 2.864

8.645 7.395 4.978 4.249 | 4.410 4.858

8.182 | 2.648 | 0.740 8.240 | 5.882 | 1.047

9.572 8.425 4.770 6.598 | 3.558 4.491

6.970 | 0.185 | 2.417 8.264 | 1.824 | 1.479

10.92 8.216 4.989 740 | 3.218 6.205

5597 | 2475 | 0.557 9.113 2.641 0.133

11.87 9.191 4.799 5.462 | 6.065 7.223

5.464 | 1.274 | 1.537 7.080 1.451 1.538

11.37 6.963 5.418 7.101 | 6.718 7.348

4.447 | 0552 | 2.467 7.003 0.948 3.226

10.47 5.923 5.637 6.775 | 5.063 7.870

4.836 | 1.481 | 2.940 6.238 | 1264 | 2327

10.94 4.566 6.097 5.345 | 6.443 4.646

3.990 | 0.969 | 1.023 5.584 | 0.305 | 1.012

9.105 6.152 5.417 6.655 | 5.818 3.646

2.8 1.955 | 1.007 4.475 13 2.043

8.277 5.074 5.631 6.741 | 8.210 5.549

s s s s s s s s s s s o e s e e e o e e o e e e e e e e e e Y

O|O[O|I[O|O|O[O|O|O|IT|O[O|O[O|O|O|IT|O|O|O|IT|O|O|IT|O[0|0]0]0|0| 0

1.6 1.405 | 1.838 3.662 0.086 0.448

3.472 0.981 1.577 7.027 | 8.202 3.822

2.051 0.947 0.527 9.218 | 9.394 4.425

3.632 0.466 0.101 10.67 | 3.791 5.372

3.653 1.417 10.46 | 4.285 7.041

IIrIIIIryIIIIrI Iy I I I I I I I

0.891 0.564 2.354 1.690 | 2.060 2.852

T ||| T|o|0|olojojo|o|olojojojo|olojo|o|o|T|ojojo|o|o|T|ojojo|o|ojo] o] @

2.377 0.495 3.307

3.6 DISCUSSION
3.6.1 DFT Calculations Studies

The geometrical optimization of compounds 1, 2, 3 and 4 were done in the gas phase using theoretical DFT calculations to get the
minimized energy molecular compound and frequencies of the optimized molecular compound by which different thermochemical
parameters are also calculated. Figure 1A, 2A, 3A and 4A shows the optimized molecular compounds of investigated compound (1 to
4) which shows non-planarity for both compounds and are stable as a consequence of the absence of the imaginary frequency. The
DFT calculated results for thermal parameters and dipole moment of the compound 1 to 4 are summarized in Table 1. From the
results, it was observed that the dipole moment of compounds 1, 2, 3 and 4 is 2.25475, 7.66962, 2.98433 and 1.21705 Debye in the
gas phase respectively. The high dipole moment value of compound 2 ensures there is a strong intramolecular interaction and hence
the compound 2 influences their active binding pose towards a specific target protein 3L,

The frontier molecular orbitals of investigated compounds 1, 2, 3 and 4 to compare the energy level of the HOMO and LUMO
along with their energy gap were calculated using the DFT B3LYP/6-311+G(d,p) method and are presented in Table 2. Figure 1B,
2B, 3B and 4B shows the calculated 3D isodensity surface plots for FOMs of investigated compounds 1 to 4. The energy levels of
HOMOs of the compound 1 to 4 under investigation are -3.8938, -5.9084, -5.1453 and -5.2217 eV respectively, while, the LUMOs
are -1.3811, -1.6587, -0.0337 and -0.4102 eV respectively subject to the degree of conjugation as well as the atmosphere of the
attached substituents around the nucleus. Likewise, the energy gap for compounds 1 to 4 was AE = 2.5127, 4.2497, 5.1116 and 4.8115
eV, respectively. From these results it is clear that the compound 2 has the high lying HOMO, Enomo = -5.9084 eV, is susceptible to
be a good electron donor, while ELumo = -1.6587 eV, is considered to be the best electron acceptor and hence this data could confirm
that, compound 2 has higher binding affinity as compared to compounds 1, 3 and 4. Moreover, compound 2 with moderate energy gap
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AE = 4.2497 eV in comparison to other compounds validates the highest binding affinity which can enable binding of the drug
molecules with the receptors®.

To further explore the chemical reactivity of investigated compounds 1, 2, 3 and 4; the frontier molecular orbitals of compounds 1,
2, 3 and 4 are used to estimate other chemical reactivity descriptors along with ionization potential (I= —Enomo) and the electron
affinity (A = —ELumo) Such as electronegativity (x), global hardness (), softness () and electrophilicity (w)3". The obtained results are
shown in Table 2.

From Table 3, it is observed that compound 2 has higher basicity (y = 3.7835 eV) as compared to compounds 1, 3 and 4 which
could be another aspect for its higher binding affinity. Similarly, the global hardness for compound 2, 3 and 4 from the gas phase is
significantly high (2.1248, 2.5558 and 2.4057 eV), which confirm compounds 2, 3 and 4 are chemically stable. Moreover, the
moderate electrophilicity index of compound 2 (w = 3.3685 eV) confirms the strong energy transformations in the FMOs of 2%, Al
these aspects could share together with different extent to considerably influence the degree of the binding affinity of these
compounds with active protein sites.

3.7 Conclusion:

The purpose of this study was to isolate eight bioactive compounds (numbers 1-4) from Coccinia grandis L. leaves for the first
time. Various pectroscopic methods were applied to the characterisation process.The dipole moment of compounds 1, 2, 3, and 4 was
found to be 2.25475, 7.66962, 2.98433, and 1.21705 Debye in the gas phase, respectively, based on DFT. Compound 2 influences
their active binding pose towards a particular target protein because of its high dipole moment value, which guarantees a strong
intramolecular interaction.The data may confirm that compound 2 has a higher binding affinity than compounds 1, 3, and 4 because
the frontier molecular orbitals of the investigated results clearly show that compound 2 has a high lying HOMO, EHOMO = -5.9084
eV, which makes it susceptible to be a good electron donor, while ELUMO = -1.6587 eV, which is thought to be the best electron
acceptor. Furthermore, compared to other compounds, compound 2's mild energy gap (AE = 4.2497 eV) confirms the highest binding
affinity, allowing medication molecules to bind to receptors.The chemical stability of compounds 2, 3, and 4 is further supported by
their notably high global hardness values from the gas phase (2.1248, 2.5558, and 2.4057 eV). Furthermore, the substantial energy
changes in compound 2's FMOs are confirmed by its moderate electrophilicity index (® = 3.3685 eV). To varying degrees, all of these
factors may work together to significantly affect how well these substances bind to active protein locations.
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