Chemical Physics Impact 5 (2022) 100130

Contents lists available at ScienceDirect

Chemical Physics Impact

QIMPACT)

journal homepage: www.sciencedirect.com/journal/chemical-physics-impact

ELSEVIER

Check for

Investigating the physicochemical properties and pharmacokinetics of ol
curcumin employing density functional theory and gastric protection

Suhailah Wasman Qader® ", A. Suvitha ”, Mehmet Ozdemir ¢, Innocent Benjamin “# ",
Anu Sai Ram NSA ¢, Martilda U. Akem ®/, Ahuekwe Eze Frank ", Emereze C. Eluwa®

& Department of Medical Laboratory Science, Knowledge University, Erbil, Iraq

Y Department of Physics, CMR Institute of Technology, Bengaluru-560037, Karnataka, India

¢ Department of Dentistry, Tishk International University, Erbil, Iraq

d Department of Medicine, Tirunelveli Medical College, Tamil Nadu, India

¢ Computational and Bio-Simulation Research Group, University of Calabar, Calabar, Nigeria

f Department of Pure and Applied Chemistry, Faculty of Physical Sciences, University of Calabar, Calabar, Nigeria
8 Department of Microbiology, Faculty of Biological Sciences, University of Calabar, Calabar, Nigeria

1 Department of Biological Sciences, Covenant University

ARTICLE INFO ABSTRACT

Keywords: The extraction, isolation as well as theoretical investigation of Cumcuma Xanthoriz (cxz) molecule was evaluated
Curcumin to ascertain the physicochemical properties (pc) of the investigated compound. The plant extracts were isolated
PDl;?rrmacokmencs and characterized using NMR, FT-IR and UV-Vis Spectroscopy study. Pre-geometry characterization as well as

theoretical analysis were performed within the frame of density functional theory (DFT) at B3LYP/6-311++ G
(d,p) level of theory. Global descriptors were calculated at the same level of theory to ascertain the molecular
stability, chemical reactivity of the investigated molecules. Stabilization studies was conducted to properly
evaluate the stability of the complex and as such, the result obtained divulged that the charge delocalization from
sigma (o) to anti-sigma (c*) molecular orbital contributed chiefly to the molecular stability of the studied
compound. The calculated UV-Vis spectroscopy study reveal that all absorption spectrum occurred at the visible
region (400nm-700nm) which correlate with the experimental Amax obtained. Excitation of CXZ was observed to
emanate from n—n*electronic transition. Result from the topology and admet properties explicates that CXZ
molecule exhibited good ADMET properties and therefore suggests its suitability as potential plant based drug.

Gastric protection
Physicochemical characteristics

with diabetes [4]. It has also been proven to be a natural compound with
multiple uses that is pharmacologically safe and has been shown to have

1. Introduction

A wide range of biological and pharmacological effects of curcumin
have been documented, including anti-inflammatory, antioxidant,
antibacterial, anti-diabetic, anti-cancer, anti-rheumatic, anti-throm-
botic, and hepato-, nephro-, and cardiac protective effects. Curcumin
has been shown to be exceedingly safe, even at very large dosages, in a
number of animal models and human investigations [1,2]. The molecule
has equally demonstrated to possess potential ingredients for the treat-
ment and prevention of a wide range of human disorders due to its
pharmacological safety and efficacy as reported by [3]. Interestingly,
curcumin is thought to be a potential component of functional diets.
Over the years, findings have demonstrated curcumin’s hyperglycemic
action, pointing to the possibility of using curcumin in foods for people

* Corresponding authors.

cytoprotective effects on healthy human cells [5]. However, in order to
get beyond the solubility and bioavailability issues related to curcumin,
computational analysis may be utilized as a guide for pre-formulation
prospective. The potential targets of curcumin-modified conjugates
(CMCs) in breast cancer cells were identified by molecular docking in-
vestigations, which initially stipulated that the clinical constraint of
employing curcumin as possible anticancer medications, is established
that curcumin conjugates have a considerable anticancer property at a
sub-micromolar concentration according to a study by Panda and col-
leagues [6]. On the other hand, Ahmed et al [7] also examined into the
biological effects of curcumin, which revealed that the molecular
docking predicted binding modes indicated that curcumin binds with
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the hCA-1 enzyme, thus suggesting efficient pharmalogical effects on
target receptors. Additionally, according to Furlan and colleagues [8],
the structural characteristics of these potential compounds were
explored using DFT studies, in their studies keto and enol isomers of
indole curcumin derivatives were compared and energy analysis sug-
gested that enol isomers were more stable than the keto isomers. Also, it
was discovered that the result gotten from the molecular docking shows
that the keto form of indole curcumin molecules were efficiently binding
with GSK.3B, EGFR, and BCR-ABL proteins which implies that they
possess significant anti cancer activity. Kumar, and colleagues [9]
further explained that in other to examine and study the potentials of
curcunin in cancer prevention and treatment, they carried out system-
atic absorption studies of curcumin and anti cancer drugs on mont-
morillnite(MMT) nanoparticles in the presence of amphiptilic polymer
(PLGA)and in an aqueous environment to understand the contribution of
the layered clay structure using cluster(B97-D), DFT and molecular
dynamics (MD) simulation in acidic and natural pH-media. It was found
out that(MMT) has affinity towards either polymers or drug molecules.

However, in order to better understand the structure and reactivity
of this potent drug, it is imperative to analyze the nature of many of the
biological aspects of this prescription, many of which are yet unknown
[10-14]. Although, curcumin has not yet received approval as a me-
dicinal agent despite its efficacy and safety, and its poor bioavailability
has been cited as a key issue for this as documented by [15,16]. The
main causes of curcumin’s poor bioavailability include low absorption,
quick metabolism, and swift excretion. The research of illness progres-
sion, comprehension of drug-organism interactions, and directing of
novel drug discovery are all addressed by network pharmacology, a
systems biology approach [17]. Significantly, in recent years, a number
of studies have reported the use of advanced computational methods,
including density functional theory (DFT), to effectively elucidate the
structural and chemical properties of compounds in order to develop
therapeutics for a variety of diseases. Additionally, molecular docking is
used to accurately take into account the compatibility between the drugs
and the target receptors. ADME investigations utilizing software such as
SWISSADME, pkcSM, etc. are used to assess the rate at which these
compounds are absorbed, distributed, metabolized, and excreted.

Herein, the study employs a high-level computational analysis of
Curcumin utilizing density functional theory (DFT) approach optimized
at B3LYP/6-311++G(d,p) level of theory. Accurate quantum mechani-
cal studies on Curcumin, are here carried out with the aim to analyze the
conformational equilibria, to find the most stable equilibrium structure
and to define the nature of the molecular orbitals, particularly the
highest occupied and lowest unoccupied (frontier molecular orbital)
ones that are important to explain binding characteristic. NMR, UV-vis
and FTIR both theoretical and experimental data are employed in the
comparison with electronic and conformational properties of Curcumin.
These probes must also meet certain topological and ADMET property
requirements in order to be of interest and well as the molecular docking
analysis. This study predicts the standard physicochemical properties
(PC) to account for a variety of Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) parameters including molecular lip-
ophilicity, topology, and the Bioactivity Radar to aid drug development
using online servers and well-established commercial software.

2. Experimental
2.1. Synthesis

The dried leaves of Curcuma xanthorrhiza (Roxb) were purchased
from Ethno Resources Sdn Bhd (846944-K). The plants were extracted
using sterilized-distilled water (SDW)and ethanol (E) in a ratio of 1:20.
Adult healthy male Sprague Dawley rats (150-200 g) were obtained
from animal house, faculty of medicine, University of Malaya, Kuala
Lumpur (Ethics No. PM 07/10/2009 MAA (a) (R)). During the labora-
tory experiment, rats were provided meticulously and care aligned with
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respect to the standards addressed in the “Guide for the Care and Use of
Laboratory Animals” published by the National Academy of Sciences
and published by the National Institute of Health. Briefly, the rats were
further separated into two groups after being deprived of food for 24 hrs.
The animals were then orally administered with the plant extracts for
antiulcer assessment separately the details explained in Tables 1 and 2.

2.2. Spectroscopy

On a Bruker Avance AMX400 spectrometer using a Broad Band 5-mm
probe, NMR spectra are captured at 300 K. (inverse detection). The
conventional frequencies for 13C and 1H are respectively 100.13 MHz
and 400.13 MHz. The following are the typical acquisition parameters
for 1 H: Spectral bandwidth (SW) of 20 ppm, pulse width of 6.1 Is (90-
pulse hard pulse on 1 H), pulse latency of 0.5-1 s, and scan count of
216-512. Typical settings were employed for 2D H, H-Homonuclear
Correlated Spectroscopy (COSY). Appropriate settings were employed
for 2D H, X-Hetero Correlated Spectroscopy (HMBC and HMQC). (50-90
pulses; 32 k data points; 1 s relaxation delay; 8-64 k transients; 1 JH-C
125-145 Hz; 3 JH-C 5-15 Hz). The B3LYP approach was used to
determine the electronic transition for the CXZ, with the base 6-311++G
(d, p) set to UV-visible spectral computation and the gaseous phase
included. Between 300 and 800 nm, the theoretical UV-visible absorp-
tion spectrum was measured in the gaseous phase.

2.2.1. Computational details

Time-dependent DFT (TD-DFT) calculations were performed on the
compound Curcuma xanthorrhiza to optimize the structure in the ground
state (shown in Fig. 1) at Becke’s three-parameter functional and Lee-
Yang-Parr hybrid functional (B3LYP) level at 6-311++ G(d, p) basis
set using both Gaussian (G09) [18] and GaussView 6 [19] programs. To
perform UV-Vis spectral computations that are applied to optimal
structures, TD-DFT/B3LYP/6-311++G (d, p) was utilized. Comparative
physical indices such as Egomo, ELumo, offset HOMO/LUMO, MEP, spin,
ionizing-potential (I), electronic-affinity (A), chemical-potential (p),
hardness (), electrophilic-index (@), softness ({) measurements of the
gaseous phase are measured.

2.2.2. Molecular docking details

Herein, the downloaded protein (PDB ID: 1BZM) was prepared using
the Biovia Discovery Studio and docked with the compound under
investigation (curcumin) and further validated by docking same with
the conventional drug (omeprazole). To sequentially prepare the protein
before carrying the molecular docking proper, water molecules present
in the proteins were deleted and the active binding sites were defined
from the current ligand site after which the native ligand present in the
protein was deleted. The binding site was expanded to cover more area
and the polar hydrogens were added to the structure and saved in PDB
format. The sphere’s radius and coordinates were copied in order to
dock. The PDB formatted proteins that had been saved were chosen from
the read molecule tab of the Autodock Vina software. The grid and
macromolecule icon were chosen, the protein was chosen as a

Table 1
Effect of aqueous extract of selected Malaysian medicinal plants on ulcer area
and percentage inhibition of ethanol induced gastric ulcer rats.

Pre-treated dose (5 mL/ § Ulcer area(mm)? (Mean Inhibition
kg) + S.E.M) (%)
DW (negative ulcer 345+ 865.3 + 42.4
control) 0.13
OMP (positive control 20 6.84 + 114.4 + 3.71* 86.77
mg/kg) 0.17*
‘CXLAE (250 mg/kg) 4.03 £ 314.9 + 7.40% 63.60
0.14*
B CXLAE (500 mg/kg) 4.50 + 224.9 + 9.24* 74.00
0.12*
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Table 2
Effect of ethanol extract of selected Malaysian medicinal plants extract on ulcer
area and percentage inhibition of ethanol induced gastric ulcer rats.

H

Pre-treated dose (5 mL/ P Ulcer area(mm)? (Mean Inhibition
kg) + S.EM) (%)
CMC (negative ulcer 3.60 + 978.3 + 32.4
control) 0.10
OMP (positive control 20  6.84 + 114.4 £ 3.71* 88.30
mg/kg) 0.17*
CXLEE (250 mg/kg) 4.25 + 91.10 + 9.29* 90.68
0.10*
CXLEE (500 mg/kg) 5.10 + 81.70 + 7.29% 91.64
0.23*

macromolecule, and the file was saved in pdbqt format. The required
ligand in pdb format was selected once the ligand icon was clicked. The
ligand was loaded, and the ligand and output tab was chosen to save the
ligand in pdbqt format. Results were acquired using the Biovia discovery
studio visualizer.

3. Results and discussions
3.1. Geometry optimization

The highly symmetrical and conjugative nature of Curucuma xan-
thorhiz (CXZ) accounts for its versatility and utilization in diverse ap-
plications. Several derivatives have been isolated and reported. The
structure is composed of 8 rotatable bonds interwoven between two
aromatic rings with 6 acceptors and 2 donor groups which are respon-
sible for the ease of inter-conversion from the keto to the enol tautomer
and vice versa. It is synonymous to the compound 1 1, 6-Heptadiene-3,
5-dione, 1,7-bis(4-hydroxy-3-methoxyphenyl). However, to accurately
predict molecular properties and assess the bio-activity of the studied
compound, geometry optimization was ensured at the B3LYP functional
with the 6-3114++G (d, p). The molecule is observed to possess 4 distinct
bonds. The C=0 bond length is computed to be — while the aromatic
C=C bond is observed to be—similarly as well as the OH. The bond
lengths suggest therefore that the title compound poses a great inhibi-
tory potential on target receptors.

3.2. NMR spectra

The experimental 'H NMR spectra of the titled compound in DMSO-
dg as a solvent confirmed the presence of suspect protons. A comparison
of the experimental and calculated spectra is represented in Fig S1 and
S2 of the supporting information. The aromatic protons found in the test
compound, for the experimental, appeared at 6.86-7.63 ppm, while the
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number of protons calculated showed 7.20-8.89 ppm. This depicts the
presence of protons among aromatic and heteroaromatic rings dupli-
cated in their expected regions [20,21]. The variations in protons signal
may be attributed to varied behaviour to the ions in the compound [22].
The 'H NMR integration curves confirms the formation of keto-enol
tautomers of the proposed structures in solution.

3.3. UV-visible& DOS spectral analysis

The results of the Gauss Sum software analysis of key contributions
to electronic transfers are summarized in Table 3. Excitation energies E
(eV) and oscillator strengths (f) were measured, as well as experimental
absorption wavelength (nm) and major contribution (HOMO-LUMO).
Fig. 83 of the supporting information depicts a pictorial representation
of theoretical UV-Vis Spectra and a DOS chart. While the investigated
CXZ exhibited six absorption bands in the theoretical UV spectrum at
417,371,370,358,349 and 322 nm, this corresponded duly with the
experimental A (nm) as shown in Table 3. These results suggest that the
investigated compound may be attributed to the aromatic, amino ben-
zoate anion, monohydrate and oxalate moiety, respectively, these
transformations could be contributed to the n—7n*, n-n*, c—oc*
transition.

Table 3

Absorption wavelength A (nm), excitation energies E (ev) and oscillator
strengths (f) theoretical and experimental electronic absorption spectra using
the process TD-DFT / B3LYP/6-311++ (d, p).

Molecule A (nm) Theoretical E fauw Major
Experimental AMnm) (eV) contribution
Computed
CXZ 416.8 417.3 296 0.0205 HOMO->LUMO

(91%)

421.3 471.2 3.33 0.3351 H-1->LUMO
(85%)

419.5 422.1 3.34 0.0175 H-5->LUMO
(26%), H-3-
>LUMO (23%),
H-2->LUMO
(31%)

358.0 375.1 3.45 0.0006 H-3->L+1
(68%), H-2-
>L+1 (21%)

358.4 349.4 3.54 0.2495 HOMO->L+1
(88%)

343.8 322.1 3.84 0.0003 H-1->L+1
(97%)

H
H
R
H

Fig. 1. Optimized Molecular Structure of CXZ.
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3.4. Vibrational Analysis

Vibrational analyses aid in qualitative and quantitative character-
ization of test compounds. The FT-IR analysis assessed the functional
group types present in the test compound, via distinct molecular
vibrational bands for the respective functional groups present. The
computationally calculated vibrational wavenumbers and experimental
(FT-IR) measurements of the titled compound are presented in Table 4
and the spectra is illustrated in fig. S4 of the supporting information. To
improve agreement between the theoretical and experimental values,
and to compensate for the errors possibly arising from the basis set, the
computed harmonic frequencies in line with their potential energy dis-
tribution are generally scaled for comparison [23]. However, observed
slight variations could be attributable to solvation and different func-
tional effects [24].

C - H vibrations:

Vibrational bands in aromatic compounds reveal C-H stretch peaks
normally in the region of 2850-3100 cm ! [25]. More so, the nature and
position of substituents affect these vibrations. In this study, the
experimental C-H stretch deformations were observed at 808.03,
960.38, 1025.87 and 1112.73 cm’l, with the corresponding theoretical
C-H stretch values giving 969.07, 1017.08, 1030.4 and 1119.81 em ™Y,
respectively. This data shows the closeness of the calculated theoretical
values to the experimental results. Significant wavelength deviations
from the norm could arise from solvent effects, as well as antisymmetric
stretching vibrations of aldehyde bonds due to varying bond lengths.
Thus, leading to weak absorption peaks [26]. Another possible expla-
nation would be that the vibrational shift of the CH bond interacting
with metals (or other elements) was averaged out by the unchanged
vibrational mode of the non-interacting CH bonds; indicated by weak-
ened bonds which inadvertently result in a reduced wavelength [27].

C - C vibrations

C - C vibrations arise in the range between 1300-1000 cm ™! [28]. In
this study, the experimental 6C=C stretching vibration frequency de-
formations occurred at 1135.89 and 1151.30 cm ™! and theoretically at
1178.58 and 1183.46 cm™, respectively. For T C = C, experimental and
theoretical values fell at 1182.18 and 1201 cm ™}, respectively; while oC
= C reported 1203.39, 1232.72, 1274.73, and 1263.98, 1281.71,
1301.60 cm™! for experimental and theoretical values respectively.
Theoretical values were in good agreement with the experimental
results.

C-0 vibrations

The stretching frequency varied in both the symmetric and asym-
metric bond types. Experimental and Theoretical vibration frequencies
with gynC = O were observed at 1427.08, 1600.67, 1625.74, and

Table 4
Analysis of the theoretical and experimental vibrational frequencies of
curcumin.

Experimental ~ Absorbance  Theoretical  Transmittance  Assignment with
PED%

808.03 0.482 969.07 1.45 vasC-H (-75)
960.38 0.485 1017.08 0.26 vasC-H (-79)
1025.87 0.442 1030.40 42.47 vasC-H (-81)
1112.73 0.497 1119.81 45.74 vasC-H (-79)
1135.89 0.451 1178.58 16.62 8C=C (38)
1151.30 0.614 1183.46 7.35 8§C=C(31)
1182.18 0.457 1201.50 31.02 TC=C(48)
1203.39 0.488 1263.98 202.03 oC = C(37)
1232.72 0.383 1281.71 22.55 oC = C(28)
1274.73 0.384 1301.60 76.33 oC = C (49)
1427.08 0.477 1435.06 210.61 v0=C (24)
1506.17 0.491 1549.97 74.69 v0=C (30)
1587.16 0.212 1637.77 180.85 v0=C (29)
1600.67 0.249 1801.30 215.72 v0=C (34)
1625.74 0.242 1837.93 713.65 v0=C (36)
2846.48 0.049 3903.04 105.58 v0 - H (49)
3507.92 0.085 3906.59 110.96 v0 - H (55)
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1435.06, 1801.30, 1837.93 cm ™}, respectively; while the vasC = O gave
1506.17, 1587.16, and 1549.97, 1637.77 cm_l, for both the experi-
mental and theoretical values, respectively. Previous studies have re-
ported variable C-C band stretches [29]. However, close theoretical
values and experimental data were reported in this study.

O-H vibrations

The presence of inter or intra molecular hydrogen bonding in the
molecules of O-H group makes for a large variation in wavenumber,
intensity and bandwidth of the spectral vibrations. As such the O-H
stretching vibration is expected in the wide range of 3380 =+ 200 cm ™!
[24,25]. For the theoretical values of the title compound appearing at
3903.04 and 3906.59, the vO — H stretching for the experimental data
were in good agreement as pure stretching mode at 2846.48 and
3507.92 cm 1.

3.3. Frontier Molecular orbital (FMO) analysis

The HOMO and LUMO energy values can be used to determine a
molecule’s ability to donate and receive electrons. Electrical and optical
properties, luminescence, photochemical reactions, UV-VIS, quantum
chemistry, and pharmaceutical research, as well as providing informa-
tion on biological mechanisms, rely on these molecular orbitals [26-28].
Frontier molecular orbitals (FMOs) energies such as I=-Energy HOMO
and A= -Energy LUMO, according to Koopmans’ definition, measure
ionizationl potential (I) and electron affinity (A). A compound’s
chemical reactivity is believed to be determined by the energy gap,
which is established by the difference between the energies of
HOMO-LUMO. It has been demonstrated that a molecule’s energy gap
impacts its chemical reactivity, biological activity, polarizability, and
susceptibility to bind compounds to target receptors [29]. The investi-
gated compound revealed a very significant energy gap of 3.437 eV
which in comparison with other literatures suggest that this compound
possesses sufficient biological properties [30]. This assertion was
significantly supported by the slight decrease in energy gap (2.886 eV)
established in the docked complex with a difference of 0.551 eV.
Importantly, a study carried out by Das and colleagues [31] revealed
that at the binding site, the HOMO orbitals of the ligand interact with the
LUMO orbitals of the amino acid residues. When a complex is formed,
however, HOMO orbitals of the binding site residues interact with
LUMO orbitals of the ligand. Additionally, the active site loop of Lys213,
Glu214, Lys149, and Ser217 were found to be essential for binding of the
drug candidate due to its significant atomic displacements and
intra-molecular hydrogen bonding. Herein, with the aid of the energies
of the HOMO and LUMO orbitals, other examinations of the investigated
molecule’s chemical reactivity parameters, including chemical softness
(S), chemical potential (u), electrophilicity index (®), and chemical
hardness (1)), were also performed as shown in Table 5. Additionally,

Table 5
Analysis of the electronic properties of CXZ.

Parameters B3LYP_6-311++G(d,p)

Electronic spatial extent (au) 21174.8

nuclear repulsion energy (Hartree) 2110.17

Rotational coefficients (GHz) 0.2857
0.053
0.047

Dipole moment 2.611debye

Parameters

Erumo (V) -2.6716

Enowmo (¢V) -6.1086

Energy Gap (eV) 3.437

I = -Enomo (eV) 6.1086

A = Erumo (eV) 2.6716

n= Y%(Erumo-Eromo) (V) 1.7185

n= Y2(ELumo+ Enomo) (eV) -4.3901

= pZ /2n(eV) 5.607
¢=1/m(v) 0.5819
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according to [32], a molecule’s electrophilicity index provides infor-
mation regarding how well a substance can bind to biomolecules. The
molecule in question has a higher electrophilicity index value, indi-
cating that it can act as an electrophilic species and has a greater ability
to bind to biomolecules and thus, confirms the pathway for molecular
docking approach with different protein targets. Conversely, a soft
molecule with strong polarizability has a lower chemical hardness value
and a higher negative electrochemical potential (i) indicates a chemical
species’ willingness to accept electrons while electronegativity (y)
measures the capacity of an atom/group of atoms to attract electrons in
the molecule. Interestingly, results calculated validated the biological
relevance of the compound under investigation as shown in Table 4.
More so, the electron occupied and unoccupied (electron affinity and
donating) sites are shown in 3D representations of FMO orbitals in
different transitions (HOMO-LUMO) levels in Fig. 2.

3.4. Natural Bond Orbital (NBO) analysis

The NBO analysis relies on a series of methods that allow for the
extraction of fundamental bonding concepts from density functional
theory (DFT) calculations. It facilitates the conversion of the Schro-
dinger’s wave equations’ computational keys [33,34]. For the clarifi-
cation of hyperconjugative interactions and the delocalization of
electron density in the solvent, natural bond orbital analysis is a suitable
tool. It is also a reliable technique for analyzing intra- and intermolec-
ular bonding and interactions within bonds. The second- order pertur-
bation theory analysis of the Fock matrix was carried out to evaluate the
donor-acceptor interactions in the NBO basis. The concentration of the
donor-acceptor interaction was denoted by the second order stabiliza-
tion energy, E2. The larger value of E2 indicates the stronger interaction
between electron donors (i) and the electron acceptor (j) which signifies
a more donating propensity from an electron donor to electron acceptor
and hence, a higher degree of conjugation of the whole system [35].
NBO can be mathematically expressed as outlined in literature [36]

NBO analysis of the studied molecule, is tabulated in Table 6
showing a strong intermolecular hyper conjugative interaction. From
the computational details, it is observed that the studied compound had
highest donor to acceptor interaction from (donor) 6Cyg - C2; — 6*C28 -
H30 (acceptor), 6Cqg - Cag — 6*C26 - €28, 6Cag - H35— *6C26 - C28
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Table 6
Analysis of the natural bond orbital at.

Donor Occupancy  Acceptor Occupancy E?Kcal/ EQG)- F(@,j)

orbital orbital mol E@)

6Cyo - 1.98490 0*C28 - 0.01051 594.04 1.89 0.946
Co1 H30

6Cg - 1.98338 6*C26 - 0.02072 577.05 1.85 0.923
Cao c28

6Cy - 1.93623 *6C26 - 0.02072 427.47 1.58 0.741
H35 C28

6Cyg - 1.98490 *6C26 - 0.02072 434.82 1.84 0.799
C21 C28

6Cy - 1.93623 *6C28 - 0.01051 405.90 1.63 0.736
H35 H30

oC18 - 1.98338 *6C28 - 0.01051 403.37 1.90 0.783
C20 H30

LP(1)0 1.97733 *6C26 - 0.02072 183.90 1.94 0.533
15 C28

n*C2 - 0.27819 *nC1 - C6 0.20847 107.82 0.02 0.076
C3

nCyo - 1.85399 *6C28 - 0.01051 98.11 1.43 0.346
C21 H30

LP(2)0 1.86743 *6C26 - 0.02072 91.37 1.44 0.333
15 C28

which is found to have the highest the stabilization interaction of 594.04
Kcal/mol, while the occupancies explain the location of the donor
electron or orbital in an atom. Hence, the interaction is between sigma
bond to the sigma anti-bonding contributing greatly to the stability of
the compound (cmr). Relatively, the highest perturbation energy results
from the influence of the antibonding interaction between atoms,
amounting in the increased molecular stability as seen in other stability
descriptors. These stabilization interactions between the lone pair or-
bitals and the antibonding orbitals increases the stability of these
compounds.

3.5. Mulliken and Natural Population Analysis (npa)

The natural population analysis accurately determined the distri-
bution of electrons in various subshells of their atomic orbitals and their
occupancies [37]. The system of natural population analysis has been
established to estimate the atomic charges and orbital populations of

ELUMO
b

2.6716
Energy
gap 3.437
6.1086
EHOMO

Fig. 2. DFT/B3LYP/6-311++G(d,p)-3D representations

of FMO orbitals in (HOMO-LUMO) levels for CXZ.
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molecular wave functions. Natural analysis is also an alternative to
predictable Mulliken population analysis which appears to unveil and
enhanced the numerical stability and to better describe the electron
distribution in compounds of high ionic character, such as those
comprising metal atoms [38]. These charges are seen to affect the
properties like dipole moment, electronic parameters, polarizability,
and refractivity [39]. The iso-surface of molecular electrostatic poten-
tial, determines the interacting strength of the compound, it is consid-
ered suitable for the prediction of the reactivity of the molecule towards
nucleophilic and electrophilic occurrences [40-43]. It also predicts
which category of intermolecular interactions is possible within the
interacting system. From our studies, red color best explains the pres-
ence of dispersion force and negative charges with higher electron
density, blue represent a positive charge with less electrostatic potential
(electrophilic) while yellow signifies negative charge where high elec-
trostatic potential resides.

On the other hand, the Mulliken population analysis, describes the
distribution of the charges in the various sub shells in the molecular
orbital. The atomic charge influences the polarizability, dipole moment,
electronic structure and many other molecular properties of the system
[36]. As reported in table S1 of the supporting information and Fig. 3.
The Mulliken atomic charge can also be employed for the character-
ization of the electronic charge distribution in a particular molecule and
also for the characterization of the bonding, antibonding and
non-bonding nature of the molecular orbitals [37]. Herein, the Mulliken
atomic charges cover a broad range of values from -0.429144 at the low
side to 1.002035 at the high side at the Hartree-Fock level. The atoms Cs,
Hy, Hg, Co, H10, H11, C12, C13, H17, C18, C21, C22, C23, Ha7, Hag, H3o, H3o,
Hss, Hs4, and Hss respectively have positive charges and the atoms Cy,
Ca, C4, Cs, G, O14, O35, O16, O19, C20, 024, O35, O26, O2g, 031, have
negative charges. The hydroxyl oxygen O;5 is more negative with value
-0.429144 eV which is proved very strongly in Fig. 3.

3.6. Molecular electrostatic potential analysis

The MESP surface is extremely useful for understanding the potential
sites for electrophilic (negative region) and nucleophilic (positive re-
gion) reactions [44,44], and it is particularly well suited for recognising
one molecule by another via this potential and density, as shown in
Fig. 4. Different shades represent the electrostatic potential levels at the

Chemical Physics Impact 5 (2022) 100130

surface in the order red > orange > yellow > gree n> blue. In the named
compound, the colour code for these maps ranges from -1.533e2
(deepest red) to +1.533e 2 (deepest blue), with blue representing the
most electropositive, i.e. electron poor region, and red representing the
most electronegative, i.e. electron rich region. The most electronegative
region in the molecule is clearly around the three oxygen atoms, which
act as an electron donor.

3.7. In silico ADMET analysis

According to the Lipinski’s rule, which was used to clearly and un-
equivocally explain the drug-likeness and bioavailability capabilities of
the investigated compound, it was examined that the compounds’ ab-
sorption, distribution, metabolism, excretion, and toxicity properties
made it clear that the molecules possess very reasonable pharmacoki-
netic features. This standard helps to assess the likelihood that a bio-
logically active compound will have the chemical and physical
properties required for absorption and bioavailability. The Lipinski rule
is based on pharmacokinetic drug properties including molecular mass
less than 500 Da, partition coefficient not greater than 5, and a
maximum of 5 donors and 10 acceptors for hydrogen bonds. CXZ had a
368.38g/mol molecular weight. As a result, the Lipinski rule of five was
strengthened by the findings that the minimum reported number of
hydrogen bond donors was successful for oral administration. This
outcome was in line with the information found on the number of
hydrogen bond acceptors, which is provided in table X of the supporting
data. In light of this, it is crucial to point out that after carefully exam-
ining the investigated compound, it is relevant to say that the molecule
didn’t violate any requirements, which implies that the molecule has
excellent potential as an antimicrobial.

Additionally, no abnormalities in gastrointestinal (GI) absorption,
blood brain barrier (BBB) permeability (a term used to describe the
unique characteristics of the central nervous system (CNS) of micro-
vasculature), P-gp substrate, CYPIA2, CYP2CI9, CYPP2D6, CYP3A4,
Ghose, Veber, Egan, or Muegg were found by this examination, indi-
cating that the molecule represents high hydrophilic properties and
polar chemical as shown in Table 7. Therefore, the high potency, af-
finity, and selectivity against the molecular target were assessed in order
to better understand the risky characteristics of the tested drugs. This led
to the conclusion that CXZ was unlikely to be carcinogenic, mutagenic,

0.127e0

Fig. 3. Plot illustrating the mulliken and natural population analysis.
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Fig. 4. Molecular electrostatic potential of studied CXZ compound.

or cytotoxic, with likelihood values of 0.62, 0.97, and 0.93, respectively
as shown in table S8 of the supporting information. Significantly, this
discovery implies that the lead compound possesses antimicrobial
properties. The methoxy phenyl and heptadiene dione rings, which are
highly significant in the antimicrobial activity, may be the source of this
compound’s remarkable biological power. The bioavailability radar, on
the other hand, is shown to quickly assess how drug-like the molecule is.

3.8. Gastric Ulcer Assessment; Ethanol Induction Model

All the aqueous and ethanol plant extract were evaluated for gas-
troprotective capability. The results showed that all the aqueous and
ethanol plant extract were significantly (P<0.05) inhibited ulcer area
against ethanol induction model in comparison to negative control
group. Rats pretreated with 500 mg/kg of C. xanthorrhiza leaf ethanol
extract CXLEE were protected stomach with 91.64 % while rats pre-
treated with C. xanthorrhiza leaf aqueous extract CXLAE were inhibited
ulcer area with 74.00 %. Macroscobical examination of the gastric
mucosa in a rat pre-treated with 5 mL/kg of 20 mg/kg OMP and 250 mg/
kg and 500 mg/kg CXLEE showed moderate injuries in the gastric mu-
cosa in comparison with CMC negative control group. It was also
observed that histological examination of the stomach of rats pretreated
with CMC suffered markedly extensive damage to the gastric mucosal
layer with edema and leukocyte infiltration of the submucosal layer.
Rats pre-treated with 5 ml/kg of 20 mg/kg omeprazole showed mild
disruption to surface epithelium mucosa with mild edema and leukocyte
infiltration of the submucosal layer. Meanwhile, rats pretreated with
500 mg/kg of CXLEE showed less destruction to the mucosal surface and
mild edema and leukocyte infiltration in submucosal layer as shown in
Fig. 5.

The p' of gastric juice was recorded for all groups, the results showed
that rats pretreated with negative control group (CMC and DW) have
significantly (P < 0.05) lower p'! (3.45 + 0.13 and 3.60 + 0.10 respec-
tively) compared to other groups. While the p! of gastric juice in the rats
pretreated with positive control group OMP and all the plant extract in
both aqueous extract (Fig. 4.3) and ethanolic extract were significantly
(P<0.05) higher pH than negative control group. Rats pretreated with
20 mg/kg of OMP (6.84 & 0.17) and 500 mg/kg of APLEE (7.18 + 0.09)
and PMLEE (7.22 4+ 0.14) as in Table 8 showed elevation of pH

compared to other selected plants.

3.9. Comparative Studies

The antiulcer effect of curcuma xanthorhiza (roxb) was compared
with traditional folk medicines used for the effectiveness against ulcer
namely Maytenus robusta (Celastraceae), Pithecellobium Jiringa, Ach-
ryocline saturoides. The ethanol extract of each of the above plants were
compared depending upon the data available under the headings shown
in Table 8.

3.10. Medicinal review analysis

Table 9 established the antiulcer effect of curcuma xanthorhiza
(roxb) was compared with traditional folk medicines used for the
effectiveness against ulcer namely Maytenus robusta (Celastraceae),
Pithecellobium Jiringa, Achryocline saturoides. The ethanol extract of
each of the above plants were compared depending upon the data
available under the following headings pH, ulcer area, inhibiton %.
Curcuma xanthorizha have resulted in the formation of high p* i.e. 4.25
£0.10* and 5.10+0.23* respectively at 250mg and 500 mg, indicating
the inhibitory effect on gastric mucosa and movement of the p* scale
towards alkaline, indicating a better result when compared with May-
tenus robusta which have less p ie. 2.96+0.07* and 2.92+0.15*
respectively at 250 mg and 500 mg. Also, while comparing the ulcer area
inhibition % Curucuma xanthorhiza have proved to be more efficacious
with percentage of 90.68 and 91.64 at 250mg and 500mg respectively,
when compared with Prithecellobium Jiringa which have inhibition %
of 72.17 and 80.55 at 250 mg and 500 mg respectively. Comparing
similarly the data’s of Achyrocline satureiodes which have an inhibition
% of 58.8+11.5 and 86.2+12.2 at 250mg and 500 mg, which are largely
at a low range when compared to that of Curucuma xanthorhiza.

3.11. Molecular docking analysis

On a global scale, molecular docking has been identified as a critical
tool for drug design because it aims to explain several modules under-
lying protein-ligand interaction, which support the process by which
proteins interact with small molecules (known as ligands) to form stable
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Table 7
Biological activity and physicochemical parameters of CXZ.
Physicochemical Properties Lipophilicity
Form. C21H2006 Log Po/w 3.27
(iLOGP)
Mol. weight 368.38 g/ Log Po/w 3.20
mol (XLOGP3)
Num. heavy 27 Log Po/w 3.15
atoms (WLOGP)
Fract. Csp3 12 Log Po/w 1.47
(MLOGP)
Num. rot. bonds  0.14 Log Po/w 4.04

(SILICOS-IT)

Num. H-bond 8 Consensus Log 3.03

accpt. Po/w
Num. H-bond 6 Log Po/w 3.27

donors (iLOGP)
TPSA 93.06 A2 Class Soluable
PK Medicinal

Chemistry

GI abs. High PAINS 0 alert
BBB permeant No Brenk 2 alerts: beta_keto_anhydride,

michael_acceptor_1

P-gp substrate No Lead like ness No; 2 violations: MW>350,

Rotors>7
CYP1A2 inhib. No Synthetic 2.97
accessibility
CYP2C19 inhib. No Water
Solubility
CYP2C9 inhib. Yes Log_S_(ESOL) -3.94
CYP2D6 inhib. No Solub. 4.22e-02 mg/ml; 1.15e-04
mol/1
CYP3A4 inhib. Yes Class Soluble
Dr.likeness Yes Log S_(Ali) -4.83
Lipinski No; 1 Solub. 5.50e-03 mg/ml; 1.49e-05
violation mol/1
Ghose Yes Log.S_ -4.45
(SILICOS-IT)
Veber No; 1 Solub. 1.31e-02 mg/ml; 3.56e-05
violation mol/l
Egan Yes
Muegge 0.56
Bio.av. Score Yes
Log Kp (skin -6.28 cm/s
permeation)

Formula, Mol.weight: Molecular weight, Num: Number, Solub.: Solubility, Abs.:
Absorption, Inhib.: Inhibitors, Bio.av.score: Bioavailability score, Dr.likeness:
Druglikeness, PK: Pharmacokinetics, accpt: acceptor, rot.: rotatable, Fract.:
Fraction.

complexes with biologically significant functions [45-50]. Contrarily,
protein-ligand complexes are essential for a number of biological func-
tions. In this case, the inhibition of the carbonic anhydrase enzyme is
discussed, which is thought to be the main driver of the therapeutic
benefits in evaluating ulcer illnesses. According to research by Chakra-
varty and colleagues [51], carbonic anhydrase interacted with three
different sulfonamide drug structures to form complexes that were all
bound in the enzyme’s active site, but these complexes varied in the
ways that their sulfamido groups interacted with the crucial zinc ion. As
a result, the current research that led to the selection of this target
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receptor was made easier and further supported the existence of an
active site in the enzyme. At the cellular level, the hydrogen bond plays a
critical role in enhancing molecular interaction and compound struc-
tural integrity [52]. It also aids in compound solubility and gastroin-
testinal absorption into the body. Notably, as illustrated in Fig. 6, the
active site loop of Lys213, Glu214, Lys149, and Ser217 was determined
to be crucial for binding of the lead compound due to its substantial
atomic displacements and intra-molecular hydrogen bonding as shown
in Fig. 7. The orientation discrepancies of curcumin as well as variations
in the inhibitory potencies of the compound was proposed to be caused
by these interactions coupled with active site charge requirements. The
native enzyme’s Lys213, Glu214, Lys149, and Ser21767 active site
residues, among others, were observed to form a hydrogen bond
network with solvent molecules that was observed to be broken
following binding to curcumin. In addition, Lys149 and Ser215 amino
acid residues were seen in the interaction between the conventional
drug (omeprazole) and the target receptor, which is determined to be
comparable to that of curcumin and the target protein. These, however,
imply that both amino acid residues are crucial for enhancing the lead
compound’s inhibitory potentials. However, it was determined that the
omeprazole@1BZM interaction contained noteworthy pi-hydrogen
bonds, pi sulphur, pi-alkyl, pi-pi T-shaped, and alkyl links. As both
CXZ and omeprazole computed relatively identical binding affinities of
-5.67 kcal/mol and -5.12 kcal/mol, respectively, this investigation
relatively establish that curcumin could as well act as a proton pump
inhibitor thus blocking precisely the carbonic anhydrase enzyme used in
this investigation.

4. Conclusion

The spectroscopic and pharmaceutical investigations of the ligand
were investigated theoretically and experimentally using DFT and the
B3LYP/6-311++G(d,p) level of theory. Using NMR, FT-IR, and UV-Vis
Spectroscopy studies, the plant extracts were extracted and character-
ized. Density functional theory (DFT) at the B3LYP/6-311++ G (d,p)

Table 8
p, ulcer area, inhibiton %.
Maytenus Curcuma Pithecellobium Achyrocline
robusta xanthorhiza  Jiringa satureoides
p 250mg  2.96 + 4.25 +
0.07* 0.10*
500mg 292 + 5.10 +
0.15* 0.23*
Ulcer control - 361.2 +
area 51.3
(mm)2 250mg - 91.10 + 228.17 £ 1.51 25.9 + 85
(Mean 9.29*
+ S.E. 500mg - 81.70 + 156.33 +£ 1.84 9.3+8.3
M) 7.29%
Inhibition % - 90.68 7217 58.8 £11.5
(250mg)
Inhibition % - 91.64 80.55 86.2 +£12.2
(500mg)

Fig. 5. Macroscopic observation of gastric
wall in: (A) rats pre-treated with 5 mL/kg of
CMC (negative control), (B) omeprazole (20
mg/kg) positive control group, (C) 5 mL/kg
of 250 mg/kg CXLEE and (D) 500 mg/kg of
CXLEE. Severe injuries were seen in the
gastric mucosa in rats pre-treated with CMC.
Injuries to the gastric mucosa were milder in
rats pre-treated with omeprazole in compar-
ison to the injuries seen in the CMC pre-
treated rat. Moderate injuries are seen in the

gastric mucosa (magnification: 1.8X). The white arrow indicates gastric lesion as shown in Fig. 6.
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Table 9
Analysis of the medicinal review.

Chemical Physics Impact 5 (2022) 100130

Maytenus robusta

Curcuma xanthorhiza

Pithecellobium Jiringa Achyrocline satureoides

H

p 250mg 2.96 + 0.07* 4.25 + 0.10* - -
500mg 2.92 + 0.15% 5.10 + 0.23* - -
Ulcer area (mm)? control - 361.2 £ 51.3
(Mean + S.E.M) 250mg - 91.10 + 9.29* 228.17 £1.51 25.9 £ 8.5
500mg - 81.70 + 7.29* 156.33 + 1.84 9.3 +83
Inhibition % (250mg) - 90.68 72.17 58.8 +11.5
Inhibition % (500mg) - 91.64 80.55 86.2 +12.2

LYS-149
.

GLU-214

GLU-214
Glu214

Fig. 6. Histological section of gastric mucosa in a rat pre-
treated with (A) 5 mL/kg of CMC (negative control), (B) 20
mg/kg of omeprazole and (C) 5 mL/kg of 500 mg/kg
CXLEE (H&E stain 10x). Severe disruption at the epithe-
lium and edema of the submucosal layer with leucocytes
infiltration occurred (A). Mild disruption to the surface
epithelium with mild edema and leucocytes infiltration of
the submucosal layer (B) (H&E stain 10 x). White arrow
represents surface epithelium and white arrow represents
submucosal layer.

Interactions
- Conventional Hydrogen Bond
|:| Pi-Donor Hydrogen Bond

[ Pisulfur

[ Pi-Pi T-shaped
[ akyl
|:| Pi-Alkyl

Fig. 7. 3D and 2D representation of CXZ and omeprazole docked with 1BZM.

level of theory was used to accomplish pre-geometry characterisation as
well as theoretical analysis. To determine the molecular stability and
chemical reactivity of the examined compounds, global descriptors at
the same theoretical level were determined. Stabilization experiments
were carried out to adequately assess the stability of the complex, and
the results revealed that the charge delocalization from the sigma (o) to
anti-sigma (0)*) molecular orbital was primarily responsible for the
molecular stability of the investigated moleculeAccording to the esti-
mated UV-Vis spectroscopy analysis, all absorption occurred in the

visible region (400-700 nm), which is consistent with the experimen-
tally found maximum. These findings imply that the compound under
investigation may be attributed to the aromatic, amino benzoate anion,
monohydrate, and oxalate moiety, respectively. According to the FMO
investigations, the molecule under investigation computed a very sig-
nificant energy gap of 3.437 eV, which when compared to other litera-
ture suggests that this compound has enough biological capabilities.
From the natural bond analysis, it can be seen that the examined com-
pound had the highest donor to acceptor interaction from (donor) 6C20 -
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C21 — 6*C28 - H30 (acceptor), 6C18 - C20 — 6*C26 - C28, 6C20 - H35—
*6C26 - C28 which is found to have the highest stabilization energy of
594.04 Kcal/mol. Significantly, the improved molecular structure and
electronic structural analysis supported the molecular electrostatic po-
tential (MEP) finding that the charge transfer actually occurred within
the moleculeThe lead compound is evaluated as an effective phyto-
compound with a better efficacy against the pharmaceutical targets
based on all reports from the HOMO-LUMO, chemical reactivity, charge
distribution (mulliken population analysis and MESP plots), and docking
studies. As result from the topology and admet properties explicates that
CXZ molecule exhibited good ADMET properties and therefore suggests
its suitability as potential plant based drug.
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