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INTRODUCTION

The constituents of nine plants ingredients in the Nilavembu
Kudineer Chooranam (NKC) herbal formulation and its syner-
gistic effects are already reported in the literature [1]. In compa-
rison to synthetic drugs, herbal therapy is more economical,
exhibits fewer adverse effects and additionally bolsters the
immune system while promoting spontaneous recovery, thus,
maintaining a healthy metabolism and hormones. Most herbal
remedies have a wide range of therapeutic uses [2,3]. Plant-
derived substances can be classified into essential groups such
as terpenoids, alkaloids, phenyl prostanoids and related
phenolic compounds based on their metabolic sources. NKC
is recommended in Siddha medicine to treat and prevent fevers
and viral infections. Additionally, it is crucial for the body’s
fight against chikungunya and dengue. The components of
Kudineer have hepatoprotective, anti-inflammatory, anti-
microbial, analgesic, antioxidant, antiviral, cytotoxic and anti-
diabetic activities [4].

Previous work on Andrographis paniculata revealed that
the neoandrographolide possessed biological characteristics
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In this work, neoandrographolide (C26H40O8) was isolated first time from the ethanolic extract of Nilavembu Kudineer Chooranam (NKC),
traditional Siddha medicine powder. Thin-layer chromatographic (TLC), GC-MS and mass spectrometry techniques were employed to
extract after the preliminary phytochemical screening. Neoandrographolide has a significant level of α-amylase inhibition activity. The ab
initio DFT theory of DFT-B3LYP/6-311++ G(d,p) basis set technique was used for theoretical studies and comparison with the three
experimental spectral studies such as 1H, 13C NMR, FTIR and UV-visible methods. When compared to the theoretical computational density
functional theory (DFT) using Gaussian 9.0, the results have shown that the investigated compounds are potential therapeutic leads for in
vitro biological and in silico molecular docking utilizing auto dock vina 4.2. Based on the results, it is confirmed that compound
neoandrographolide would be most effective against α-amylase inhibitor activities.
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such as chemosensitizing, hypolipidemic actions [5-7], anti-
inflammatory and antiviral properties [8,9]. This compound
contains biologically active compounds such as andrographo-
lide [10], β-vetivenene [11], α-zingiberene [12] and α-santalol
[13].

To our best of knowledge, no literature exists about the
separation of neoandrographolide from NKC, and also no studies
on DFT, molecular docking, biological activity or α-amylase
inhibitor efficacy is reported. To isolate and characterize neoan-
drographolide from NKC and assess its capacity to inhibit
α-amylase activity studies, this work was undertaken. More-
over, the preliminary phytochemical analysis of ethanolic extract
of NKC, chromatographic analysis (TLC), gas chromatogram
mass spectrometric (GCMS) analysis, the in silico and DFT
computational studies were also carried out.

EXPERIMENTAL

Phytochemical screening: A standard procedure  [14] was
applied to conduct a phytochemical study of the ethanolic extract
of Nilavembu Kudineer Chooranam in order to determine the
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presence of alkaloids, flavonoids, phenols, tannins, coumarin,
terpenoids and glycosides.

TLC analysis: Neoandrographolide was subjected to thin-
layer chromatography (TLC) analysis using a TLC cutter and
silica gel 60F254. TLC plates with glass capillaries detected the
extract. The TLC chamber solvents were butanol, acetic acid,
and water. After 30 min of pre-saturation with the mobile phase,
the plates were retained in the chamber and eluted using the
solvent system. The plate was sprayed with multiple spray re-
agents, dried and visually evaluated in a UV room after elution.

GC-MS analysis: The GC-MS analysis of ethanolic extract
of NKC in EI mode was performed on the Shimadzu QP2020.
The split sampling method involved injecting the sample at a
1:10 ratio and the oven was maintained at 280 ºC at 10 ºC/min.
The retention indices (RI) of the molecule were calculated by
equating the retention durations of a sequence. Each component
was identified by comparing the maintenance index of each
component to data from the literature. Identifications in the
NIST collection were linked to the spectrum of the unidentified
components. The molecular weights, names, chemical structures
and formulas of the test materials were determined [15].

Column chromatography: The ethanolic extract of NKC
was diluted with methanol before being adsorbed on 100-200
mesh silica gel.  Once the solvent has evaporated, the sample
was inserted onto a silica gel column containing hexane and
mesh size of 100 to 200. The polarity was developed by adding
varying hexane to ethyl acetate ratios and 100% ethyl acetate
after hexane was eluted in the column. Ethyl acetate: 100%
chloroform and chloroform in the ratios 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70 and 20:80 were then entirely eluted
in the column. Once more methanol was used to elute the
column (98:2; 96:4; 94:2; 92:8; 90:10; 85:15; 80:20). One
hundred and eighteen fractions in all were collected and under
close inspection with TLC. Fractions between 64 and 78 revealed
similar fractions. As the pressure dropped, the solvent evapo-
rated and the fractions combined. The raw ingredients of final
product were purified using hot ethanol and activated charcoal
and the fractions were set aside for crystallization. The resultant
solid was analyzed using mass spectra, FT-IR and 1H NMR.

Analytical data of isolated compound: The colourless
needle shape crystal, m.p.: 162-164 ºC; C26H40O8;; FT-IR (KBr,
νmax, cm–1): 3449, 2940, 2847, 1748, 1609, 1457, 1353 and
910. LC-Mass: m/z 480.59 (MH+) HRMS and molecular ion
peak for water molecule at m/z 498.56 (M+H+H2O)+; 1H NMR
δ ppm: 0.61 (3H, s), 0.84-0.87 (1H, m), 0.95 (3H, s), 1.01-
1.03 (1H, m), 1.19-1.21 (1H, m), 1.26-1.31 (1H, m), 1.37-1.40
(1H, m), 1.48-1.55 (2H, m), 1.61-1.64 (1H, d), 1.70-1.72 (2H,
m), 1.76-1.78 (1H, d), 1.82-1.84 (1H, d), 1.89-1.93 (1H, m),
1.98-2.01 (1H, m), 2.24-2.28 (1H, m), 2.33-2.36 (1H, m), 2.90-
2.94 (1H, m), 3.01-3.12 (4H, m), 3.39-3.43 (1H, m), 3.62-3.65
(1H, m), 3.87-3.89 (1H, d), 4.01-4.03 (1H, d), 4.37-4.40 (1H,
t), 4.59 (1H, s), 4.79-4.86 (6H, m), 7.47 (1H, s). This pattern
of the spectrum is to identify an isolated neoandrographolide.

Computational details: Gaussian 09  [16-18] was used
as a software package for gradient geometry optimization and
ab initio molecular simulations with basis set of DFT [19-21].
The scaling factor of 0.9613 must exhibit considerably better

agreement with observational data [22-24]. The GIAO tech-
nique was used to estimate the chemical shifts for NMR results
[25]. The investigations of chemical reactivity and Mulliken
charges were performed to elucidate the energy of (HOMO-
LUMO).

In vitro analysis

Antibacterial activity: For the antibacterial assay, the
bacterial strains employed were Proteus mirabilis (MTCC 1771),
Staphylococcus aureus (MTTC 3615), Enterococcus faecalis
(MTCC 439) and Yersinia enterocolitica (MTCC 840). The
Mueller-Hinton broth, having a pH 7.0, yielded Gram-negative
bacteria, while the nutrient-rich broth resulted in Gram-positive
bacteria. The cultures underwent a 24 h incubation period at
37 ºC in a rotator shaker. Sterile 6 mm discs were filled and
neoandrographolide (25 mL) was added. The discs were then
left to soak for 10 to 15 min. After that, they were incubated
and then stored at 37 ºC for 24 h. The zone of inhibition (mm)
of the compound was assessed using the pathogenic bacteria
index one day later. The Mean ± SD data were displayed and
each study was conducted in three copies.

In vitro antioxidant study

Hydrogen peroxide (H2O2) scavenging activity: The H2O2

scavenging test was determined using reported  methodology
[26,27]. In brief, 0.6 mL of H2O2 solution was mixed with neo-
andrographolide dissolved in ethanol at different concentration
of 1 mg/mL (10-50 mg/mL). After incubating for 15 min, the
absorbing capacity of the chemical reaction at 230 nm. The
pure, undiluted H2O2 is called a “blank solution.”

ααααα-Amylase assay: The inhibitory activity of α-amylase
in the test samples was assessed using a modified standard
method. The volume of test samples, standard (acarbose) and
control (no standard/test samples) were increased to 100 µL
α-amylase solution (0.1 mg/mL) and incubated for 15 min at
37 ºC followed by the addition of 100 µL of starch solution.
Following a 1 h incubation period at 37 ºC, 10 µL of 1 M HCl
and 100 µL of iodine reagent were added to the test tubes
containing the mixture. The absorbance of the mixture was
measured at 580 nm.

In silico molecular docking and computational studies:
The docking study was carried out using Autodock 4.2. Rigid
receptors and flexible ligands were used to perform docking
investigations. The protein file was selected for the docking study
of the isolated compound neoandrographolide. The FAT10’s
X-ray crystal structure was developed (RSCB PDB code: 2MBE).
Molecular docking experiments were able to target the FAT10
protein successfully. The binding site was determined by grid
box size and grid box. The grid spacing value for protein was
found to be 0.375 Å. Chem Draw 12.0 was used to display the
structure of neoandrographolide ligand. The mol format was
used to transform the 2D compound structures. The Auto Dock
application was then used to further turn it into a 3D structure
[28]. Auto Dock ligand input tools were used to create and purify
this ligand. The application Discovery Studio generated the
visualization results, and the final refined ligands were acquired
as pdbqt files for subsequent molecular docking studies via
output-save [29].
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RESULTS AND DISCUSSION

The TLC study was performed using acetic acid:butanol:
water (1:4:2) mobile phase for the analysis of neoandrographo-
lide. The results under UV light at 254 nm confirmed the
presence of one ingredient in neoandrographolide with Rf value
of 0.66.

GC-MS analysis of ethanolic extracted NKC: Acids,
alcohols, hydrocarbon and other substances can have their
components identified using the GC-MS method using the mole-
cular formula, peak area and retention time to identify the
phytochemical compounds. The peak area of active principles
as a percentage, molecular structure are all shown in the GC-
MS spectrum of the ethanolic extraction ofNKC (Fig. 1).

Optimized geometrical parameters: The resulting theor-
etical deductions (SDD) are in good agreement with the known
structural properties of similar derivatives. Fig. 2 illustrates
the optimized structure of neoandrographolide. Their ideal step
numbers, which obtained from the possible energy measure-
ment curves, as shown in Fig. 3. As shown in Tables 1 and 2,
the bond lengths and angles of the optimized structure were
determined by the DFT approach. Employing B3LYP/6-311G
++(d,p), the optimized structure NAG derived least energy is
-1616.5093 a.u. The computations will determine the optimal
shape for NAG to lower the potential energy surface. The bond
lengths (C9-C18) and (C14-C15) are aromatic and show signs
of double bonds. On the other hand, certain bonds resemble a
single bond. The bond lengths and angles of the molecular
structure were ascertained by applying this geometry. The bond
distance for the carbonyl group of C16–O67) and hydrogen
bond is found to be 1.22 Å  and 1.94 Å, respectively. In this
compound, the NAG-optimized length of hydrogen bond dist-
ance is less than 2 Å. Hence, this molecule will possess excellent
biological activity. The hydrogen bonds containing bonds such
as (C21-O69-H47) and (O68-H47-O69) have the values of
bond angles 100.20º and 140.10º, respectively.

Vibrational analysis: The key FTIR data of isolated mole-
cule of theoretical and experimental results are displayed in
Table-3. The OH stretching frequency peak values at 3486 and
3437 cm–1 found in the theoretical and literature agreed with
the stretching bond peaks at 3449 cm–1 (-OH group) in the
experimental FTIR spectrum. The experimental CH stretching
vibration value of 2940 cm–1 (=CH stretch) is nearly in line

Fig. 2. Optimized geometry (SDD) of neoandrographolide
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Fig. 3. Potential energy curve using DFT/B3LYP method with 6-311 ++G
(d,p) basis set for neoandrographolide

with the theoretical and literature CH stretching vibration peak
values of 2993 and 2934 cm–1, respectively. The (-CH3) asym-
metric stretching frequency can be determined by the value of
2847 cm–1, which corresponds to the theoretical and literature
-CH3 asymmetric stretch vibration values of 2839 and 2840
cm–1, respectively. The additional vibration modes found in this
investigation were those of the experimental  carbonyl group
(C=O) stretching band is identified at 1609 cm–1 and the =CH
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Fig. 1. Chromatogram of ethanolic extract of Nilavembu Kudineer Chooranam (NKC)
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TABLE-1 
CALCULATED BOND LENGTHS (Å) OF THE NEOANDROGRAPHOLIDE  
MOLECULE WITH DFT THEORY EMPLOYING 6-311G++(d,p) BASIS SET 

Atom number B3LYP/6-
311G++(d,p) 

Atom number B3LYP/6-
311G++(d,p) 

Atom number B3LYP/6-
311G++(d,p) 

C1-C2 1.58 C9-C18 1.34 C20-H54 1.09 
C1-C3 1.54 C10-C13 1.54 C20-O71 1.45 
C1-C4 1.55 C10-H64 1.09 C20-O72 1.42 

C1-C22 1.55 C10-H65 1.09 C21-C23 1.53 
C2-C5 1.59 C11-H62 1.09 C21-H53 1.09 
C2-C8 1.55 C11-H63 1.09 C21-O69 1.46 

C2-H37 1.10 C12-H60 1.09 C22-H38 1.09 
C3-H27 1.08 C12-H61 1.10 C22-H39 1.09 
C3-H66 1.09 C13-C14 1.50 C22-H40 1.09 
C3-O72 1.48 C13-H58 1.09 C23-C24 1.54 
C4-C11 1.53 C13-H59 1.10 C23-H52 1.09 
C4-H29 1.09 C14-C15 1.34 C23-O70 1.47 
C4-H30 1.10 C14-C16 1.49 C24-C25 1.54 
C5-C6 1.55 C15-C17 1.50 C24-H51 1.09 
C5-C7 1.60 C15-H57 1.08 C24-O68 1.45 

C5-C19 1.55 C16-O67 1.22 C25-C26 1.52 
C6-C11 1.54 C16-O73 1.41 C25-H50 1.09 
C6-H28 1.10 C17-H55 1.09 C25-O71 1.47 
C6-H31 1.09 C17-H56 1.09 C26-H48 1.10 
C7-C9 1.53 C17-O73 1.47 C26-H49 1.09 

C7-C10 1.55 C18-H35 1.08 C26-O74 1.46 
C7-H32 1.10 C18-H36 1.08 H44-O70 0.97 
C8-C12 1.54 C19-H41 1.09 H44-O70 0.98 
C8-H33 1.09 C19-H42 1.09 H46-O74 0.97 
C8-H34 1.09 C19-H43 1.09 H47-O68 0.98 
C9-C12 1.51 C20-C21 1.53 H47-O69 1.94 

 
TABLE-2 

CALCULATED BOND ANGLES (º) OF THE NEOANDROGRAPHOLIDE  
MOLECULE WITH DFT THEORY EMPLOYING 6-311G++(d,p) BASIS SET 

Atom number B3LYP/6-
311G++(d,p) 

Atom number B3LYP/6-
311G++(d,p) 

Atom number B3LYP/6-
311G++(d,p) 

C2-C1-C3 111.50 C11-C6-H31 108.90 H35-C18-H36 115.80 
C2-C1-C4 109.00 C6-C11-H62 110.90 H41-C19-H42 106.50 

C2-C1-C22 109.40 C6-C11-H63 109.10 H41-C19-H43 107.00 
C1-C2-C5 117.20 H28-C6-H31 106.70 H42-C19-H43 108.30 
C1-C2-C8 114.00 C9-C7-C10 114.10 C21-C20-H54 111.00 

C1-C2-H37 102.80 C9-C7-H32 106.40 C21-C20-O71 110.60 
C3-C1-C4 110.90 C7-C9-C12 113.30 C21-C20-O72 106.70 

C3-C1-C22 108.40 C7-C9-C18 125.30 C20-C21-C23 111.00 
C1-C3-H27 111.90 C10-C7-H32 106.40 C20-C21-H53 109.70 
C1-C3-H66 110.80 C7-C10-C13 112.70 C20-C21-O69 109.10 
C1-C3-O72 109.60 C7-C10-H64 109.40 H54-C20-O71 110.40 
C4-C1-C22 107.60 C7-C10-H65 110.40 H54-C20-O72 111.50 
C1-C4-C11 114.10 C12-C8-H33 108.80 H71-C20-O72 106.50 
C1-C4-H29 108.80 C12-C8-H34 108.90 C20-O71-C25 116.10 
C1-C4-H30 107.70 C8-C12-C9 111.20 C23-C21-H53 109.80 

C1-C22-H38 112.40 C8-C12-H60 110.30 C23-C21-O69 106.80 
C1-C22-H39 110.40 C8-C12-H61 108.50 C21-C23-C24 111.80 
C1-C22-H40 110.00 H33-C8-H34 106.70 C21-C23-H52 108.90 

C5-C2-C8 111.50 C12-C9-C18 121.30 C21-C23-O70 105.20 
C5-C2-H37 103.80 C9-C12-H60 110.50 H53-C21-O69 110.40 
C2-C5-C6 108.30 C9-C12-H61 109.30 C21-O69-H45 107.80 
C2-C5-C7 105.90 C9-C18-H35 120.90 C21-O69-H47 100.20 

C2-C5-C19 114.80 C9-C18-H36 123.30 H38-C22-H39 108.30 
C8-C2-H37 106.00 C13-C10-H64 108.10 H38-C22-H40 107.30 
C2-C8-C12 111.20 C13-C10-H65 109.70 H39-C22-H40 108.20 
C2-C8-H33 110.20 C10-C13-C14 114.70 C24-C23-H52 108.60 
C2-C8-H34 110.90 C10-C13-H58 110.60 C24-C23-O70 111.30 

H27-C3-H66 109.80 C10-C13-H59 109.50 C23-C24-C25 112.80 
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TABLE-3 
FT-IR FUNCTIONAL GROUP  

INTERPRETATIONS OF THE NAG MOLECULE 

Literature Theoretical 
Experimental 

frequency  
(cm–1) 

Functional groups 
interpretations of NAG 

3437 3486 3449 (-OH group) 
2934 2993 2940 (=CH stretch) 
2840 2839 2847 (–CH3 asymmetric stretch) 
1748 1738 1609 (Carbonyl group C=O 

stretching band) 
1443 1472 1457 (=CH double bond) 
1354 1345 1353 (–CH2 bending vibration) 
908 937 910 (–CH2 bending vibration) 

 
double bond, which was found at 1457 cm–1. The -CH2 bending
vibration experimental peaks shows the fingerprint region are
at 1353 and 910 cm–1. Several investigators have employed FTIR
studies to confirm the NAG molecule, essential groups. The FTIR
spectra signals were comparable to the FTIR spectrum of the
standard NAG. The attributions of these bands can be verified
in the studies reported by Singh et al. [30], who obtained these
modes of vibration in comparatively nearby bands after evalu-
ating the NAG component.

Mass spectrum studies: The molecular weight of 480.59
(MH+) was known using HRMS spectrometry and the mole-
cular ion peak was found to be a water molecule at m/z 498.56
(M+H+H2O)+.

1H NMR spectrum: With TMS acting as an internal refer-
ence at 500 MHz, the observational spectrum data for the title
molecule in DMSO are shown in Table-4. Basically, the B3LYP/
GIAO was used to plan the absolute isotropic compound shiel-
ding [31]. Then, used the equivalent TMS shielding: σcalc.(TMS)
computed previous identical theoretical level as this work, rela-
tive chemical shifts were evaluated. Composed with computed
values of σcalc.(TMS), with computed standards of σcalc.(TMS),
mathematical values of chemical shift δcalc = σcalc.(TMS) − σcalc.

are obtained in Table-4, demonstrated the chemical shift by
1H NMR experimental. Consequently, the study revealed experi-
mental data for the identified compound NAG and the expected
proton chemical shifts were in excellent agreement.

Mulliken atomic charges: The Mulliken atomic charges
are greatly influenced using concept of atoms. The atomic
charges are required for quantum chemical calculations in the
molecular system since they have an influence on a wide variety
of system properties. With DFT/B3LYP/6-311++G (d,p) basis
set used to compute the Mulliken atomic charges. At the DFT
level, NAG has the biggest positive charge on the C20 carbon,
measuring 0.277. Given the increased negative charges DFT
level on NAG’s C19 carbon and O74 oxygen were -0.514 and
-0.598, correspondingly. There is a positive charge on every
hydrogen.

Frontier molecular orbital energies: Low FMOs energy
gap chemical molecules frequently exhibit higher chemical
reactivity and lower kinetic stability. The HOMO orbitals have
clustered around trimethyl-6-methylenedeca hydronaph-
thalene and the LUMO orbitals have stretched toward the
furan-2(5H)-one moiety in the isolated molecule NAG. This
explains the charge transfer interaction between the furan-
2(5H)-one molecule and trimethyl-6-methylenedecahydro-
naphthalene. Since they regulate whether molecules react to
other species, the HOMO and LUMO are essential [32,33]. An
electron is less likely to be excited from HOMO to LUMO when
there is large gap, which could lower the inhibitor’s affinity
for the target protein. As a result, the band gap of NAG comp-
ound is less [34]. The calculative quantum chemical parameters
of HOMO-LUMO for NAG are given in Table-5 and the HOMO-
LUMO charge density map for the reference molecule (NAG)
is displayed in Fig. 4.

Molecular electrostatic potential: The molecular electro-
static potential (MEP) plot of NAG may be  shown with colour
label order from +0.07319 a.u. (dark blue) to -0.07319 a.u. (dark

H27-C3-O72 107.50 H64-C10-H65 106.40 C23-C24-H51 109.30 
H66-C3-O72 107.00 H62-C11-H63 105.80 C23-C24-O68 109.00 
C3-O72-C20 114.70 H60-C12-H61 107.00 H52-C23-O70 111.00 
C11-C4-H29 110.10 C14-C13-H58 108.60 C23-O70-H44 110.60 
C11-C4-H30 109.00 C14-C13-H59 108.20 C25-C24-H51 109.20 
C4-C11-C6 111.50 C13-C14-C15 131.10 C25-C24-O68 110.70 

C4-C11-H62 110.00 C13-C14-C16 120.40 C24-C25-C26 114.80 
C4-C11-H63 109.30 H58-C13-H59 104.80 C24-C25-H50 107.60 
H29-C4-H30 106.90 C15-C14-C16 108.50 C24-C25-O71 109.80 

C6-C5-C7 109.60 C14-C15-C17 110.50 H51-C24-O68 105.60 
C6-C5-C19 109.30 C14-C15-57 127.00 C24-O68-H47 108.00 
C5-C6-C11 113.50 C14-C16-O67 129.60 C26-C25-H50 108.20 
C5-C6-28 108.70 C14-C16-O73 107.90 C26-C25-O71 112.30 
C5-C6-31 109.80 C17-C15-H57 122.50 C25-C26-H48 108.20 

C7-C5-C19 108.90 C15-C17-H55 113.50 C25-C26-H49 111.50 
C5-C7-C9 109.90 C15-C17-H56 113.50 C25-C26-O74 107.00 

C5-C7-C10 114.80 C15-C17-O73 104.30 H50-C25-O71 103.40 
C5-C7-H32 104.40 H67-C16-O73 122.40 H48-C26-H49 108.30 

C5-C19-H41 109.60 C16-H73-C17 108.80 H48-C26-O74 110.40 
C5-C19-H42 112.50 H55-C17-H56 109.10 H49-C26-O74 111.50 
C5-C19-H43 112.40 H55-C17-O73 108.10 C26-O74-H46 110.20 
C11-C6-H28 108.90 H56-C17-O73 108.10 H45-O69-H47 121.00 

    O68-H47-O69 140.20 
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TABLE-4 
EXPERIMENTAL AND CALCULATED  

1H NMR PARAMETERS (WITH RESPECT TO TMS) 

Proton σTMS 
B3LYP/6-
31G σcalc 

σcalc (σTMS 
– σcalc) 

Exp. 
δ (ppm) 

H27 33.5426 27.75 4.84 4.8 
H28 – 31.56 1.03 1.01 
H29 – 30.69 1.91 – 
H30 – 31.70 0.89 0.95 
H31 – 30.89 1.70 – 
H32 – 30.99 1.61 1.61 
H33 – 31.00 1.60 1.51 
H34 – 31.35 1.25 1.21 
H35 – 27.81 4.78 4.79 
H36 – 28.18 4.41 4.59 
H37 – 31.41 1.19 – 
H38 – 31.48 1.12 – 
H39 – 32.29 0.61 0.63 
H40 – 31.29 1.31 – 
H41 – 32.26 0.34 – 
H42 – 31.57 1.02 – 
H43 – 31.77 0.83 – 
H44 – 32.15 0.44 – 
H45 – 30.03 2.57 2.36 
H46 – 32.32 0.28 – 
H47 – 28.59 4.00 3.62 
H48 – 29.29 3.31 3.09 
H49 – 28.35 4.25 4.38 
H50 – 27.84 4.76 4.86 
H51 – 29.50 3.09 3.03 
H52 – 28.53 4.07 4.03 
H53 – 28.68 3.92 3.43 
H54 – 27.62 4.97 4.85 
H55 – 28.02 4.58 4.83 
H56 – 28.01 4.59 4.81 
H57 – 25.99 7.59 7.48 
H58 – 30.28 2.32 2.33 
H59 – 30.75 1.85 1.71 
H60 – 30.47 2.13 – 
H61 – 30.54 2.05 – 
H62 – 30.59 2.01 – 
H63 – 31.30 1.30 – 
H64 – 31.09 1.50 1.64 
H65 – 31.21 1.39 – 
H66 – 29.38 3.22 3.07 

 
TABLE-5 

CALCULATED QUANTUM CHEMICAL PARAMETERS HOMO-
LUMO RESULTS OF NEOANDROGRAPHOLIDE VALUES 

Quantum parameters (eV) NAG (HOMO-LUMO) 
EHOMO -6.778 
ELUMO -4.169 
∆Egap 2.609 

I = –EHOMO 6.778 
A = –ELUMO 4.169 

I A

2

+χ =  5.474 

I A

2

+µ = −  -5.474 
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2
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Fig. 4. Molecular orbital energy level diagram with HOMO and LUMO
orbital of neoandrographolide

red) (Fig. 5). Positive areas were observed above the protonated
6-(hydroxymethyl)tetrahydro-2H-pyran group in the MEP of
NAG. The hostile areas cover the furan-2(5H)-one group cont-
aining electronegative oxygen atoms. The carbon atom of the
isolated NAG molecule is located on the MEP surfaces with
zero potential in the green region. MEP is the potential, situated
halfway is the potential, situated halfway among the two utmost
of the deepest red and blue colours.

-0.07319 a.u. 0.07319 a.u.

Fig. 5. Molecular electrostatic potential (MEP) of neoandrographolide

Antibacterial studies: The compound NAG from the
powdered formulation demonstrated with effective anti-
bacterial studies against Gram-positive and Gram-negative
microorganisms, utilized streptomycin as a positive control.
At 0.5 g/mL, the isolated NAG demonstrated significant bacter-
icidal action in contradiction of Staphylococcus aureus (MTCC
3615), with a maximal inhibition zone is 17.3 ± 1.0 mm and a
least zone of inhibition of 10.6 ± 0.5 mm against Enterococcus
faecalis (MTCC 439) (Table-6).
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In vitro antioxidant study

Hydrogen peroxide scavenging activity: Compound
NAG was also evaluated for its ability to scavenge H2O2 and
at concentrations of 1000 µg/mL, respectively, it exposed an
extreme scavenging property of 72.1 ± 1.3% (p < 0.05). Fig. 6
illustrates the hydrogen peroxide scavenging capabilities of
the compound NAG.
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Fig. 6. Hydrogen peroxide scavenging property of changed concentrations
(200-1000 µg/mL) of neoandrographolide and ascorbic acid (values
are mean ± SD)

ααααα-Amylase assay: This was done to plot the percentage
of α-amylase inhibition depending on sample concentrations
and IC50 values (Fig. 7). The reference drug (acarbose) was
exhibited to posses an IC50 value of 23.4009 µg/mL, while the
IC50 value of NAG was 33.2769 µg/mL. The IC50 values for
acarbose and the sample did not significantly differ.
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Fig. 7. α-Amylase inhibitory assay of neoandrographolide

In silico molecular docking: This work aimed to design
of the mitotic control 2 (MAD2) interface for FAT10 before
examining the effects of disturbed FAT10-MAD2 interaction
on the growth of FAT10-induced tumors. A proteasome degrada-
tion signal-interacting ubiquitin modification protein is called
FAT10 [35-37]. The thymus and spleen are two immune system
tissues where FAT10 is primarily expressed. The occurrences
have a tight connection to tumorigenesis, which is a defining
feature of many solid tumors. There is no clear understanding
of the process at this time. FAT10 underlies this. It has been
discovered as proof that FAT10 interrelates with the protein
that causes mitotic arrest-deficiency 2 (MAD2) through mitosis
in spindles. This connection prevents MAD2 from localizing
to the kinetochores, which causes aneuploidy [38,39].

The inhibition constant (ki) and the binding affinity for
NAG are exposed in Table-7. The results recommend that the
NAG ligand may significantly occupy the active site of (PDB
ID: 2MBE) through residue interaction. A range of bond lengths
and binding types are displayed in Table-8. Figs. 8-10 display
the 2D interactions, inhibition constant (ki) indicates ligand-
enzyme interaction has reached its conclusion. Less medicine
will be required to block the activity of that enzyme if ki is
lower. These findings demonstrate the interaction among the
protein (PDB code: 2MBE), NAG ligand. Its inhibition constant
(ki) value is 3.3397 µM and its reduced binding energy value
is -6.1 (Kcal/mol).

TABLE-7 
AUTO DOCK VINA RESULTS OF THE BINDING  

AFFINITY AND RMSD VALUES OF DIFFERENT POSES  
IN 2MBE INHIBITOR OF NEOANDROGRAPHOLIDE 

NAG-2MBE 
Mode 

Affinity (kcal/mol) rmsdl.b. rmsdu.b 
1 -6.1 0 0 
2 -6.1 2.332 3.093 
3 -6 18.731 21.119 
4 -5.6 19.757 22.961 
5 -5.6 13.487 15.93 
6 -5.6 4.636 7.621 
7 -5.4 5.217 7.815 
8 -5.3 6.684 10.241 
9 -5.1 19.349 22.831 

Inhibition constant: 3.3397 µM 
 

Conclusion

The isolated compound neoandrographolide (NAG) from
ethanolic extract of Nilavembu Kudineer Chooranam (NKC),
a traditional Siddha medicine powder, was analyzed with FT-
IR, mass and NMR spectroscopy techniques in addition to TLC
and chemical structural interpretation. The GC-MS study of

TABLE-6 
ANTIBACTERIAL ACTIVITY OF NEOANDROGRAPHOLIDE AGAINST GRAM-POSITIVE AND GRAM-NEGATIVE BACTERIA 

Antibacterial activity (mm) 
Organisms Streptomycin 

(mm) 0.5 µg/mL 1 µg/mL 1.5 µg/mL 2 µg/mL 2.5 µg/mL 
Staphylococcus aureus (MTTC 3615) 20.1 ± 1.0 12.0 ± 0.1 13.6 ± 0.2 14.3 ± 0.5 16.0 ± 1.1 17.3 ± 1.0 
Enterococcus faecalis (MTCC 439) 19.3 ± 0.5 10.6 ± 0.5 11.0 ± 1.0 12.6 ± 1.0 14.3 ± 0.5 16.0 ± 1.1 
Yersinia enterocolitica (MTCC 840) 21.3 ± 0.5 11.6 ± 0.5 11.0 ± 0.5 11.6 ± 0.5 13.3 ± 1.0 14.6 ± 1.0 
Proteus mirabilis (MTCC 1771) 20.1 ± 0.5 12.6 ± 0.5 13.3 ± 0.5 14.3 ± 1.0 15.3 ± 1.0 16.0 ± 1.0 
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Fig. 8. Hydrogen bond interaction of neoandrographolide with 2MBE protein

H-Bonds
Donor

Acceptor

Fig. 9. Hydrogen bond receptor-side surface interaction of neoandrograp-
holide with 2MBE protein

Electrostatic

van der Waals

Covalent bond

Water

Metal

Residue interaction

Fig. 10. 2D-Hydrogen bond interaction representation of NAG ligand with
2MBE protein

an ethanolic extract of NKC revealed that it had the therapeutic
value of phytochemical ingredients such as piperidine, 1-(pipe-
ridin-1-yl)dodecan-1-one, 1-(1-oxo-9-octadecenyl)piperidine,
1-acetyl-, butan-2-one, 4-(3-hydroxy-2-methoxyphenyl)- and
the continuing were less than 6%. The FT-IR spectrum exhi-
bited the peaks demonstrating the occurrence of -OH group,
=CH stretch and –CH3 asymmetric stretch, C=O stretching
band, =CH double bond, the fingerprint region –CH2 bending
vibra-tion were determined successfully and these values well
agree with the theoretical and literature survey. High-resolution
mass spectrometry revealed the molecular ion peak as adduct
form-ation with water molecules at m/z 498.56 (M+H+H2O).
Olefinic protons of the unsaturated lactone system were found
at 7.47 ppm in the 1H NMR spectrum. The C-14 proton resonated
as two singlets at δ 4.79 and 4.86. The signals for the two tert.-
methyl groups appeared at δ 0.61 (C-13) and 0.95 (C-11). Acid
hydrolysis, followed by paper chromatography, confirmed the
presence of sugar moiety. Biological results from the α-amylase
analysis suggest that NAG has an excellent α-amylase inhibitor
activity. In vitro antibacterial and antioxidant studies have been
carried out and excellent results have been evaluated. An in silico
study revealed that the protein (PDB code: 2MBE) interacts
with the NAG ligand have the value of -6.1 (Kcal/mol) and ki
value of 3.3397 µM. Therefore, it provides a theoretical foun-
dation for the analysis of compounds with structures similar
to NAG that exhibit physiological activity, however, whose
complete biological effects remain inadequately understood
by existing experimental methodologies.
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