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In this work, the geometry optimization and harmonic vibrational wave-
numbers of kaempferide (5,7-dihydroxy-4-methoxyflavone) were
computed by density functional theory (DFT) method. Theoretically
computed vibrational wavenumbers were compared with experimental
values and the interpretation of the vibrational spectra has been
studied. Frontier molecular orbitals (FMO) and molecular electrostatic
potential (MEP) analysis of the title compound have been carried
out. The '"H & “C NMR, UV visible and electronic properties of the
compound were investigated theoretically and compared with the
experimental values. Molecular docking study of the compound against
cytochrome P450 family enzymes (CYPs 1A1, 1A2, 3A4,2C8, 2C9
and 2D6) were also studied and the results revealed that the title
compound interact with human CYP2C8 enzymes with minimum
binding energy of -9.43 kcal/mol. The compound forms hydrogen
bond with the residues of Thr302, Thr305, Leu361, Val362, Cys435,
GIn356 and Ala297. Thus, these studies assist to understand the inhibitory
mechanism of kaempferide with CYP450 enzymes and may facilitate
significant clinical implications in the prevention and treatment of
various therapeutic diseases.
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INTRODUCTION

Flavonoids are the major polyphenolic compounds present
in wide variety of plant products such as fruits, vegetables and
beverages [1,2]. Flavonoids posses Cs-C5-Cg carbon skeleton,
consisting of two phenyl rings A and B connected by a three
carbons and an oxygen bridge that forms the heterocyclic pyran
ring C (Fig. 1). The chemical nature of flavonoids depends on
their various levels substitutions such as hydroxylation, meth-
oxylation, conjugations and other substitutions. Based on the
oxidation level of ring C, flavonoids are classified as flavonols,
flavones, flavanones, isoflavones, chalcones and anthocyanidins.
From the literature review, it can be seen that a wide range of
pharmacological properties has been associated with flavonoids
such as antioxidant, antibacterial, antifungal, antihepatotoxic,
antitumor, anti-HIV-1 [3].
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Fig. 1. Ground state optimized structure of kaempferide with atom numbering

Taking into account the wide range of biological properties
of flavonoids, especially in the human organism, the study of
flavonoids is considered a subject of great interest. In this work,
one of the most important flavonoid kaempferide was subjected
to combined experimental and theoretical study on molecular
and vibrational frequencies based on FTIR, FT-Raman spectra,
Hartree-Fock (HF) and density functional theory (DFT) methods.

Kaempferide, a common naturally occuring flavo-noid
under the subcategory of flavonol, is isolated from roots of
Alpinia officinarum [4]. It has broad spectrum importance,
researchers have been reporting its various pharmacotherapeutic
activities, such as antitrypanosomal and antileishmanial [5],
antioxidant [6], antiradical and free radical scavenging activities
[7]. Nath et al. [8] reported that kaempferide prompts a dose
dependent cytotoxicity in cervical tumor cells and incites casp-
ase dependent apoptosis in HeLa cells. Kaempferide showed
cys-LTs release inhibitory activity from differentiated HL-60
cells [9] and also showed comparatively strong cytotoxicity
toward HT-1080 tumor cells and colon 26-L5 cells [10]. In
addition, the in vitro and in vivo study clearly indicate that
kaempferide is non-toxic to ordinary fibroblasts, which could
be assessed by acute and chronic toxicity studies in Swiss albino
mice [8]. In addition, a quantum chemical and molecular docking
study of kaempferide on inhibiting the aggregate formation of
mutant SOD1 protein in familial amyotrophic lateral sclerosis
was studied by Srinivasan and Rajasekaran [11]. The efficacy
mechanism of kaempferide against myocardial ischemia/
reperfusion injury through activation of the PI3K/Akt/GSK-
3P pathway for the treatment of cardiovascular disease was
studied by Wang ef al. [12]. The antiproliferative activity of
kaempferide on human cancer cell lines was studied by Nguyen
et al. [13]. The pharmacological mechanisms of keampferide
in the treatment of vitiligo by the induction of melanogenesis
via upregulation of melaninbiosynthetic genes, was studied
by Wang et al. [14]. The inhibitory effect of kaempferide on
adipocyte differentiation and their mechanisms involving mitotic
clonal expansion (MCE) and apoptosis during the early stage
of adipogenesis were investigated by Kumkarnjana ef al. [15].
The dual effect of kaempferide to induce apoptosis in putative
cancer stem cell in myeloma and reverse drug transporter
activity were investigated by Loh ef al. [16]. Recently, DFT
calculations combined with FTIR and FT-Raman spectro-
scopy techniques have been used as important tools to study

molecular structure of the biological compounds [17]. Accor-
ding to literature, a combined FTIR and FT-Raman experimental
and quantum chemical computations study of flavone were
examined by Erdogdu et al. [18]. Milenkovic et al. [19] discussed
molecular structure and vibration frequencies of kaempferol
with experimental and theoretical vibrational frequency and
interpreted IR and Raman spectra. The DFT calculations on
molecular structure, infrared and ultraviolet spectra of the
flavonoid compound quercetin were studied by Mendoza-Wilson
et al. [20]. The FT-IR and FT-Raman vibrational spectroscopic
and molecular structural study of apigenin has been carried
out by Mariappan et al. [21]. The investigation of molecular
structure and vibration frequencies of chrysin with FT-IR and
FT-Raman spectroscopy and quantum chemical calculations
were carried out by Sundaraganesan et al. [22]. Cornard et al.
[23] studied the molecular structural and vibrational study of
3-hydroxyflavone and 3-methoxyflavone by semi empirical
calculations AM1 method. From the literature survey, it has
been presumed that to the best of our knowledge, no experi-
mental FTIR/FT-Raman and ab initio HF/DFT fre-quency
calculations of kaempferide have been accounted so far. Due
to the remarkable scope of biological activities of kaempferide,
we interested to work an experimental FTIR and FT-Raman
vibrational spectroscopic and theoretical quantum computa-
tional calculations utilizing HF and DFT (B3LYP) methods.
In this study, we reported the theoretical calculations on mole-
cular structure and vibrational spectra of kaempferide by
interpret with IR and Raman spectra. In addition, nuclear magnetic
resonance (NMR), UV-visible electronic properties, highest
occupied molecular orbital (HOMO), lowest unoccupied mole-
cular orbital (LUMO) energies and molecular electrostatic
potential (MEP) analysis of the compound has also been reported
to understand the molecular structure and its various natural
movement as per substitution places of hydroxyl or methoxy
groups.

Furthermore, molecular docking methodology was used
in the present study to analyze the binding mechanism of the
compound kaempferide with different CYP enzymes.
Cytochromes P450 (CYPs) are hemethiolate monooxygense
enzymes mostly expressed in all tissues, such as, small intestinal
mucosa, lung, kidney, cerebrum, placenta, olfactory mucosa
and skin [24]. CYPs, those shares not less than 40% of the amino
acid sequence identity are grouped into family (CYP1, CYP2
CYP3). Besides, if they share more than 55% sequence identity,
are grouped into subfamilies (CYP1A1, CYP1A2 and CYP1BI).
In human, CYPs 1A1, 1A2, 3A4, 1B1, 2C8, 2C9 and 2D6 are
vital catalysts which have an imperative part in the digestion
of endogenous, exogenous compound. At present moment, over
half of the drug accessible in the business sectors is metabolized
by CYPs [25]. The CYPs are related with the metabolic actu-
ation of various cancer causing agents, procarcinogens and
chemotherapeutics, which are responsible for metabolizing
various therapeutic drugs. An inhibition of CYPs plays a vital
role in the treatment of a few disease conditions and particularly
for the treatment and prevention of cancer. Studies have shown
that the inhibition mechanism of CYP450 by diverse flavonoid
derivatives has been widely reported by research community.
The inhibition few CYP450s, such as, CYPs 1A1, 1A2, 1B1,
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2C9, 3A4 by the flavonoid compounds bringing about preven-
tion of cancer carcinogens [26]. Shimada et al. [27] performed
molecular docking and quantitative structure activity relation-
ship studies for several flavonoids on the X-ray crystal structure
of CYP1A2. The inhibitory effect of the flavonoids: Hesperetin,
pinocembrin, acacetin, chrysin, chrysin-dimethylether, flavone,
tangeretin, galangin, isorhamnetin, morin and tamarixetin on
the CYP1A2, CYP2A6, CYP2C8 and CYP2D6 enzymes were
reported by Bojic et al. [28]. The inhibition of several flavone
propargyl ethers on CYP1A1 and CYP1A2 have been investi-
gated and compared to CYP2A6 and CYP2B1 [29]. Sridhar
et al. [30] showed that the inhibition activity of 7-hydroxyflavone
on CYPIALI and the QSAR (Quantitative structure-activity
relationships) studies of flavone on CYP1A1 enzymes have
been performed by lori et al. [31]. The binding mechanism of
naringenin to human CYP1A1 has been studied through mole-
cular docking [32]. The binding interaction of flavonoid comp-
ounds with CYP P450 enzyme aromatase, which is involved
in the metabolism of estrogens for treatment of estrogen-
dependent breast cancers were studied by Indu ez al. [33]. The
in silico metabolism studies of flavonoids compounds such
as quercetin, rutin, naringenin and naringin by CYP1A2 and
CYP2C9 were investigated by Sousa et al. [34]. The analysis
of interaction between methoxyflavonoids and amino acid
residues in the human CYP1B1 were demonstrated by Takemura
et al. [35]. The comparative inhibition studies of the flavonoids
on the CYP1A1 and CYPIBI1 enzymes were performed by
Androutsopoulos et al. [36]. The inhibition of mediated drug
metabolism CYP2C8 by the flavanoid diosmetin and hesperetin
was reported by Quintieri et al. [37]. The inhibition of flavonoids,
naringin, naringenin and quercetin with CYP3A4dependent
drug metabolism were investigated by Fasinu et al. [38]. The
inhibitory effect of natural flavonoids wogonin, 7-methoxy-
flavanone, oroxylin A, baicalein, baicalin, scutellarein and
wogonoside on huamn cytochrome P450 1 A (CYP1 A) were
demonstrated by Tu et al. [39]. Previous studies have reported
the inhibition effect of several flavonoids with various CYP450
enzymes; however, the inhibition mechanisms of kaempferide
involved in this enzyme remains to be better elucidated. In light
of above mentioned facts and in continuation of our efforts in
research, in the present study, the interaction of kaempferide
with various CYPs (1A1, 1A2,3A4,2C8,2C9 and 2D6) enzy-
mes was reported through molecular docking study. The accom-
modation of the compound in the binding pocket was the
deciding factor in determining the binding orientations in the
active sites of CYPs enzymes. The results of this molecular
docking could support the biological activity of the compound
at the atomic level. Molecular docking study may facilitate to
distinguish active sites and assist know about the inhibitory
mechanism of the compound in the prevention and treatment
of some therapeutic diseases.

EXPERIMENTAL

The Fourier transform infrared spectrum (FTIR) of the
sample was recorded in the frequency range of 4000-600 cm™
at4 cm™ resolution with no further purification. The FT-Raman
spectrum (FT-R) of kaempferide was recorded in the region
4000 and 50 cm™ at the resolution of 2 cm™. Figs. 2 and 3
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Fig. 3. (a) Simulated (b) experimental FT-Raman spectrum of kaempferide

represents comparison of the simulated and experimental FTIR/
FT-Raman spectra of kaempferide, respectively. The complete
geometrical optimizations of the kaempferide is performed
using the DFT/B3LYP methods with basis set 6-311++G (d,p)
implemented in Gaussian 09 program package in a personal
computer [40]. Based on the optimized structure (Fig. 1), the
frontier molecular orbital (FMOs), molecular electrostatic
potentials (MEP) of kaempferide is also computed at a similar
level of theory (B3LYP). The 'H & “C NMR isotropic shielding
were computed by the method of GIAO technique at B3LYP/
6-31G (d) method. The TD-DFT/B3LYP/6-311++G(d,p) calcu-
lations were performed from the fully optimized structure to
determine the low-lying excited states of kaempferide. In the
present investigation, in silico molecular docking studies of
kaempferide against human CYPs were performed using Auto-
dock 4.2 with mgltools 1.5.6 [41]. The binding site selection
was carried out with grid parameters defined as default, x = 60,
y = 60 and z = 60 while the spacing between grid points at
0.375 A. To find the conformation with the best binding free
energy, all rotatable bonds of the ligands were set to be free
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whereas the protein molecule was treated as a rigid structure.
For each target, ten different docking runs were carried out
for a 150 population size with a 2 500 000 maximum number
of energy evaluations. Using Lamarckian genetic algorithms
docking simulations were performed and the generated results
yields RMSD values below 1.95 A.

RESULTS AND DISCUSSION

Molecular geometry: The mechanisms of antioxidant
activity and hydrogen radical donating abilities of the flava-
noids have been related with their number of hydroxyl groups
in the molecule [42]. The experimentally observed ionization
potential calculation demonstrates that the hydroxyl group at
C11 and C2 position in the vicinity of C8=0 in the flavones,
is a significant structural component and causing increased
antioxidant activity [43]. Kaempferide molecule comprises of
three hydroxyl groups, two of them 240-28H and 250-27H
are sited in the benzo ring (A) at C2 and C6, the remaining
one 290-30H is to be found in the pyron ring (C) at C11. The
optimized geometrical parameters are recorded in Table-1 as
per atom numbering. No experimentally observed geometrical
parameters available in the literature and hence the calculated
structural parameters were compared with those found for
similar comparable structure such as quercetin [44], whose
values are observed from the X-ray diffraction technique. The
theoretically computed bond length and bond angles are some-
what longer than the ones from the experimental data because,
the experimental values taken from X-ray diffraction method
in solid state, while the theoretical method is the gas phase.
The bond length of C8-023 (1.267 A) validates the single bond
and double bond nature of carbonyl group and hence it is some-
what smaller than the other C-O bond. The X-ray diffraction
investigation of 5-hydroxyflavone [45] and quercetin [46,47]
exposed that the excited state intramolecular proton transfer
(ESIPT) is takes place in between the OH group at C-2 and
the carbonyl oxygen (C=0) at C8. In the present study, the
excited state intramolecular proton transfer is confirmed by
theoretical calculation. A strong intramolecular hydrogen bond
is formed between the H28 (024-H28) and 023 (C=0) with
stated distance 1.766 A. In addition, the DFT method records
strong intramolecular H-bond in between the 3-OH (029) in
chromone (C) and hydrogen atom (H18) at 13C of phenyl ring
(B) with expressed separation of 2.157 A. Thus, these two strong
H-bonds permit the development of a six membered ring which
are coplanar to the chromone part and stabilize the structure.
Besides, the possible stable conformity of kaempferide predo-
minantly relies upon the pivot of C10-C12 (1.462 A). This
bond interfaces the phenyl and chromone group and assumes
an imperative part in the flexibility and conformational stability
of the molecule. Due to the substitution of an electron-accepting
hydroxyl group at C2, C6 and C11, there is a deviation of the
internal angles to 119.8° 122.1° and 121.6°, respectively and
an elongation in the bond lengths were observed. The C3-C8-
C11 bond angle is also reduced to 116.9° due to the substitution
of carbonyl group in the chromone (C) ring. Furthermore, the
theoretically computed dihedral angle between C11-C10-C12-
C13and C11-C10-C12-C17,C22C10-C12-C17 and C22-C10-
C12-C13 are 0° to 180°, respectively. This value is demons-

TABLE-1
SELECTED OPTIMIZED GEOMETRIC
PARAMETERS OF KAEMPFERIDE

Bond Exp. Bond angle Exp.
length (&) DFL  [Ref. 15] A) BN IRef, 15]
C2-024 1.341 1.375 C3-C8-Cl11 116.2 116.9
C4-022 1.359 1.370 C2-C1-C6 119.6 119.1

C6-025 1.361 1.358
C8-023 1.257 1.267
C10-022  1.374 1.365
C11-029  1.357 1.351
C15-026  1.359 1.385

C1-C2-024 119.7 119.8
C3-C4-022 120.4 120.1
C8-Cl11-C10 121.6 120.8
C11-C10-022  119.0 120.7
C13-C14-C15  120.1 119.9

H18-029  2.157 - C14-C15-C16 1193 120.2
023-H28  1.766 - C15-C16-C17 1204 120.0
024-H28  0.987 0.948 C12-C17-C16  121.2 120.3
025-H27  0.963 0914 C2-024-H28 107.7 101.9
029-H30  0.977 0.906 C11-029-H30  104.5 110.3
Cl10-C12  1.462 1.479 C6-025-H27 113.0 110.2

trated in straight agreement with Jin ez al. [48], who found the
dihedral angle 0° to 180° for stable conformation of quercetin
molecule.

Vibrational spectral analysis: The quantum chemical
calculation of kaempferide is computed in vacuum and hence
the wave numbers are harmonic ones, while the experiments
were performed for solid sample are an anharmonic wave
numbers. Consequently, some of the calculated wavenumbers
are higher than their experimental esteems and these disparities
are rectified by utilizing scaling factor 0.99, 0.98 and 0.97
[49]. The vibrational assignments of kaempferide have been
performed based on the animation option of Gauss View 5.0.8
[50] and together with based on potential energy distribution
(PED) analysis utilizing VEDA4 program [51]. The calculated
(selected) and the corresponding observed wave numbers, vibra-
tional assignments of the title compound are reported in Table-2.
These assignments are in good agreement with the literature
[49].

NMR analysis: In NMR experiment, nuclear shielding
constants are estimated with respect to the reference substance
and are given as the chemical shift. For an organic molecule,
the "C NMR chemical shifts are more than 100 ppm and the
exactness guarantees interpretation of spectroscopic para-
meters [52]. In the present investigation, the *C and 'H magnetic
isotropic shielding tensors were ascertained by the GIAO
method with inclusion of solvent DMSO using DFT at B3LYP
level with basis set 6-31G (d). The isotropic shielding values
were used to compute the isotropic chemical shifts with respect
to tetramethylsilane (TMS). The calculated chemical shifts
values are compared with experimentally observed carbon and
proton shifts values and in addition to that it is also compared
with the reported literature [8]. The 'H and C theoretical and
experimental chemical shifts and the assignments of KFD are
presented in Table-3. As expected from the literature [53], the
C NMR chemical shift for the KFD is higher than 100 ppm
and an acceptable concurrence is observed in between experi-
mental and theoretical chemical shifts for both carbons and
protons. In the "C NMR, the aromatic carbons C2, C6 and
C11 are attached to the hydroxyl groups and resonated at 161.1,
164.4 and 136.5 ppm, respectively. The “C chemical shifts
values of the C11 is marginally more when compared to C2
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TABLE-2
EXPERIMENTAL AND CALCULATED VIBRATIONAL FREQUENCIES (cm™) ASSIGNMENTS OF KAEMPFERIDE

Experimental frequencies (cm™)

Calculated frequencies (cm™)

S. No. Vibrational assignments (PED %)
FTIR FTR DFT unscaled DFT scaled

1 3515 3666 3608 3572 vs OH(100)

2 3461 3481 3366 3332 vs OH(99)

3 3275 3297 3241 3209 vs CH(97)

4 3141 3139 3108 vs CH(91)

5 2916 2972 3011 2981 vs CH(91)

6 1660 1661 1644 vas CC(26) + vas C=0

7 1647 1645 1629 vas CC(30) + vas C=0

8 1609 1602 1586 vs CC(58)+ yHCC(13)

9 1607 1594 1578 vs CC(38)

10 1567 1542 1527 B HCC(31) + vas CC

11 1508 1508 1507 1492 B HCC(20) +  HCC(10) + vas CC
12 1433 1448 1434 vas CC(13) + yHCC(17)
13 1402 1399 1385 B HOC(10)

14 1371 1370 1353 1339 B HCC(16) + vas CC(10)
15 1313 1313 1337 1324 B HCC(18) + vas C-O

16 1283 1283 1270 vas CC(21)

17 1250 1258 1245 vs CC(25) + B HCC(10)
18 1165 1167 1155 B HCH(56)

19 1118 1104 1093 vs CC(56)
20 1082 1087 1057 1046 vs OC(70)
21 1019 1022 1012 vas CC(39)
22 973 976 984 974 THCCC(79)
23 976 945 967 957 THCCC(77) + YHCC(12)
24 877 848 850 842 THCCC(88)
25 809 817 809 THCCO(78)
26 766 783 775 THCCO(58) + yHCC(12)
27 702 689 682 YHCC(14)
28 680 680 683 676 THCCC(46)
29 636 638 632 THCCC(57)

30 585 591 585 YHCC(36)

vs-symmetric stretching, vas-asymmetric stretching, B-in-plane-bending, y-out-of-plane bending, t-torsion. Potential energy distribution (PED);

values less than 10% are not shown.

TABLE-3
CALCULATED 'H AND "C NMR ISOTROPIC
CHEMICAL SHIFTS OF KAEMPFERIDE

Atom B3LYP/ Exp. Atom B3LYP/ Exp.
position  6-31G(d) [Ref. 2] position 6-31G(d) [Ref. 2]
Cl 112.4 98.3 H7 6.57 5.95
2 170.7 163.9 H9 6.56 5.95
C3 111.1 105.5 H18 12.11 7.19
Cc4 152.6 160.1 HI19 8.02 6.72
C5 104.9 98.0 H20 7.04 6.72
C6 171.8 166.4 H21 7.97 7.19
C8 173.3 178.3 H27 4.53 5.0
C10 158.7 160.0 H28 8.98 5.0
Cl1 149.3 136.6 H30 4.57 15.0
Cl12 135.8 122.7 H32 3.32 3.73
Cl13 141.5 127.4 H33 4.33 3.73
Cl4 122.3 114.2 H34 2.53 3.73
C15 176.7 159.9 - - -
Cl6 122.1 114.2 - - -
Cl17 130.7 127.4 - - -
C31 57.7 55.9 - - -

and C6, since the hydroxyl groups substituted at C11 influences
a hydrogen bond formation. Oxygen atom demonstrates an
electronegative property in which the higher C chemical shift
esteem (176.4 ppm) is seen at C8 carbon and the same was
theoretically computed at 173.3 ppm. The 'H atom is the smallest
of all atoms and hence most part of the atom is confined on

fringe of molecules; along these lines their chemical shifts
would be more vulnerable to intermolecular interactions in
the fluid arrangements when contrasted with that of other heavier
atoms. For 'H chemical shifts, the most extreme deviation from
experimental value is calculated at H18 (12.11 ppm) since the
hydrogen bonds formation in between H18 and O29 which
prompts a significant down-field shift of the isotropic chemical
shifts and this values is also calculated at 7.19 ppm. The experi-
mental chemical shift value of H28 (OH) is 8.98 ppm, which
is higher than other H (OH). The hydrogen-bond formation
has been made in between hydroxyl protons and the carbonyl
group and hence the electron density shift from the OH to the
carbonyl group results in an increased magnetic shielding for
the hydroxyl proton. We have also calculated a similar induce-
ment at 8.98 ppm besides the other computed 'H and "*C chemical
shifts values, which are in concurrence with the experimental
values.

Frontier molecular orbital analysis: The highest occupied
molecular orbital (HOMO) and the lowest unoccupied mole-
cular orbital (LUMO) represents its ability to donate and accept
electron, respectively. From the molecular orbital theory, the
m-mt* transition state is calculated because of the interaction
between the HOMO and LUMO [54]. In general, the HOMO
and LUMO energy gap is related with polarizable, chemical
reactivity and kinetic stability. The molecule, which have low
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frontier orbital gap (HOMO-LUMO gap) is more polarizable,
highly chemically reactive and has low kinetic stability, which
also termed as soft molecule [55]. The HOMO-LUMO energy
gap and their corresponding density of state (DOS) of kaemp-
feride as shown in Fig. 4. The HOMO is primarily localized
over the chromone and phenyl ring and the LUMO is confined
over all to the part of the molecule. The HOMO and LUMO
energy is -6.0138 eV and -1.9048 eV, respectively and the
HOMO-LUMO energy gap is 4.1090 eV.

UV-visible and electronic properties: The UV-visible
absorption spectrum of the solvated KFD molecule in methanol
was investigated theoretically by means of TD-DFT/B3LYP/
6-31G(d,p) method. The calculated results involving the vertical
excitation energies, oscillator strength (f) and wavelength are
carried out and have been used to determine the low-lying excited
states of KFD. Table-4 shows the electronic absorption wave
lengths and oscillator strengths calculated by TDDFT/6-31G
(d,p) method in methanol. For a lack of experimental infor-
mation we cannot compare the T—m* transitions calculated
in the present work. However, according to Frank-Condon
principle, the maximum absorption peak correspond in UV-
visible spectrum to vertical excitation predicts one intense
electronic transition at 350.02 nm with an oscillator strength f
=0.5234. This strong absorption peak is caused by the t—m*
transitions and the other weak bands due to n-7 transition are

LUMO plot
first excited state

LUMO energy = -1.9048 eV

Energy gap||= 4.1090 eV

HOMO energy|= -6.0138 eV

HOMO plot
ground state

calculated at 323.79 and 309.45 nm, respectively. The energy
gap of HOMO-LUMO explains the charge transfer interaction
within the molecule and the frontier orbital gap of KFD is
found to be 4.1090 eV. The calculated absorption energy at
TD-DFT method using 6-311++G (d,p) basis set is 3.5422
eV. It has been conclude that the lowest singlet excited state
of the KFD molecule is mainly derived from the HOMO—
LUMO (nt—m*) electron transition. Also, The m1—* transition
energy was computed to be 350.02 nm is indeed reproduced
the available experimental results of the quercetin [56] and
keampferol [57] in methanol solution.

Molecular electrostatic potential energy surface: The
electrostatic potential [V(r)] of molecular system is expressed
in terms of the electronic charge density and is rapidly becoming
a consistently used tool in the investigation of molecular reac-
tivity in both academic and industrial research [58,59]. Fig. 5
shows molecular electrostatic potential surface and contour
map of the KFD computed at B3LYP/6311G++(d,p). As can
be seen from Fig. 5, the colour code of the MEP map was
in the range between -6.019 e (deep red) and +6.019 ¢ (deep
blue). The positive (blue) and negative (red) region exhibits
the possible nucleophilic and electrophilic sites, respectively
and the V(r) values were acquired on molecular surface charac-
terized by electron density with 0.001 electron/bohr’. The
negative regions in the molecules were found around the
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Fig. 4. (a) HOMO-LUMO energy gap (b) corresponding density of state (DOS) of kaempferide

TABLE-4
THEORETICALLY CALCULATED ABSORPTION WAVELENGTH
OSCILLATOR STRENGTH AND EXCITATION ENERGY OF KAEMPFERIDE

Experimental A,,,,, (nm) in methanol

TD-DFT/6-311++G(d,p) level

Quercetin [Ref. 32]

Kaempferol [Ref. 33]

lsimol | Band II Band [ Band II P () Osc. strength E(W)
372 256 366 350.02 05234 35422
254 323.79 0.1079 3.8202

230 309.45 0.1525 4.0066
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Fig. 5. (a) Contour map (b) total electron density isosurface mapped with molecular electrostatic potential of kaempferide

carbonyl 023, 022, 026 and hydroxyl 024, 025 and 029
atoms and hence, it is expected that it will be favoured for
electrophilic attack or strongest pushing of electron. It is fasci-
nating to note that the blue region is a biggest positive locale,
which is mostly confined over the hydrogen atoms like H27,
H28, H30 and exhibits nucleophilic attack or strongest pulling
of electron.

Molecular docking study: Molecular docking is a well
established computational tool which predicts the interaction
energy between small molecule and a protein at the atomic
level, commonly applied in drug discovery. Also it enables us
to characterize the behaviour of small molecules in the binding
site of target proteins and elucidate fundamental biochemical
processes [60]. Molecular docking investigation is perfor-
med on the optimized molecular structure of the KFD using
Autodock 4.2 with mgltools 1.5.6. [41]. The crystal structure
of Human Cytochrome P450 1A1 in complex with c-naphtho-
flavone (PDB ID: 4I8V), Human Microsomal P450 1A2 in
complex with alphanaphthoflavone (PDB ID: 2HI4), Crystal
Structure of CYP450 2C9 with flurbiprofen bound (PDB ID:
IR90), crystal structure of human cytochrome CYP450 3A4
bound to an inhibitor ritonavir (PDB ID: ITQN), crystal struc-
ture of human cytochrome P450 2D6 with prinomastat bound
(PDB ID:3QM4) and CYP2C8dH complexed with montelukast
(PDB ID: 2NNI) were downloaded from protein data bank
[61]. All the torsion bond of the ligand (KFD) were set free to
perform flexible docking while the macromolecule (cytochrome
P450) were kept rigid. The hydrogen bond interactions of the
KFD against CYPs (1A1, 1A2,3A4, 2C8, 2C9 and 2D6) were
as shown in Fig. 6. The predicted docking energies, inhibition
constant and hydrogen bond interaction are listed in the Table-
5. The inhibition activity of CYPs by various flavonoid has
been reported in a few investigations [62,63]. In line with
previous literature, this present molecular docking study also
demonstrated that the KFD effectively interact with CYPs
proteins and these adaptation were balanced out by a hydrogen
bond interaction either with backbone or side chain of the resi-
dues including Arg93, Gly453, Arg464, Glu445 (PDB:4I8V),
Asn247, GIn251, Lys254 (PDB:2HI4), Thr305, GIn356,

Thr302, Pro427, Thr302 (PDB:1R90),Val104, Tyr56, Arg63,
Phel12, Asp50 (PDB:3QM4), Thr310, Pro434 (PDB:1TQN)
and Thr302, Thr305, Leu361, Val362, Cys435, GIn356, Thr302,
Ala297 (PDB:2NNI). It was evident from the molecular elec-
trostatic potential (Fig. 5) map that the maximum positive
potential was concentrated on the H27, H28 and H30 atoms
of the hydroxyl group, which is a suitable site for nucleophilic
reactivity. From Fig. 6, it was confirmed that the H27, H28
and H30 atoms of hydroxyl group acted as a donor atom and
involves hydrogen bond interaction with the residues Pro434,
Ala297, Asp50, Tyr244, Thr302, Thr305 and Glu445. Similarly,
From Fig. 5, the maximum negative region were found around
the carbonyl 023, 028, hydroxyl 024, 025 and methoxyl 026
atoms were expected that it was a preferred site for electrophilic
attack. It was evident that from Fig. 6 that 022 and O23 atoms
of carbonyl group indicated hydrogen bond interaction with
Lys254, Arg63 and Arg93, Thr302, respectively whereas 024
atom of hydroxyl group showed hydrogen bond interaction
with Thr302 and GIn356. Also, the O25 atom of the hydroxyl
group showed hydrogen bond interaction with Gly453, Asn247
and Cys435 at the same time as the O26 atom of the methoxyl
group showed hydrogen bond interaction with Arg464,
Leu361, Val362 and Val104. From the nucleophilic and electro-
philic sites, the intermolecular interaction of the title compound
with the proteins can be understood based on the information
provided by molecular docking study. The inhibition mechanism
of the investigated compound is also supports the inhibition
of similar derivatives with CYP450 enzymes, those already
reported by different authors [62,63]. CYP2CO shares over 80%
amino acids sequence identity with CYP2C8 [64] and expressed
in the abnormal states in the human liver [65]. Our outcomes
additionally affirm that the kaempferide demonstrates a better
binding affinity with the residues of CYP2C8 (PDB: 2NNI)
and CYP2C9 (PDB: 1R90) and the minimum binding energy
is -9.43 kcal/mol and -8.53 kcal/mol, respectively. The CYP450
2C8 enzyme metabolizes various anticancer drugs [66] and it
is worth underlining that these protein inhibition scores streng-
then the possibility of anticancer activity and may have an
imperative part in clinical trials.
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Fig. 6. Amino acid interactions of CYPs with the stick model of kaempferide. Hydrogen bond interaction either with backbone or side chain
of the residues is indicated by dotted green lines
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TABLE-5

PREDICTED BINDING ENERGIES, INHIBITION CONSTANT, INTERACTION OF
AMINO ACIDS AND H-BOND ANALYSIS OF DIFFERENT TARGET PROTEINS WITH KFD

Name of thf: Binding energy Estimated inhibition Binding .site Donor Acceptor .H—Bondo
target protein (kcal/mol) constant (UM) interaction distance (A)
ARGY93-Ligand NE o 2.665
ARGY93-Ligand NH, o 3.070
CYP1A1 7.49 3.25 ARG464-Ligand NH1 (¢} 3.161
PDB:4I8V ’ ’ ARG464-Ligand NH2 o 2.682
GLY453-Ligand N o 2.852
Ligand-GLU445 H O 2.165
ASN247-Ligand N (0] 3.064
CYP1A2 6.62 1412 GLN251-Ligand NE2 o 3.101
PDB:2HI4 ’ ’ LYS254-Ligand NZ (0] 2.931
Ligand-TYR214 H O 2.145
THR310-Ligand 0OG1 o 2.436
Pg;ii‘gN 834 0.769 Ligand-THR310 H 0G1 2.184
Ligand-PRO434 H O 1.795
THR302-Ligand OGl1 (0] 2.386
THR305-Ligand 0OG1 o 2.753
LEU361-Ligand N o 3.030
CYP2C8 oM 0.121 VAL362-Ligand N (0] 3.065
PDB:2NNI ’ ’ CYS435-Ligand SG o 3.166
Ligand-GLN356 H OEl 1.968
Ligand-THR302 H 0OGl1 2.038
Ligand-ALA297 H O 1.909
THR302-Ligand 0OG1 o 2.664
THR305-Ligand OGl1 (0] 2951
PCD§P12RC990 -8.53 0.555 GLN356-Ligand OGl1 (0] 2.939
Ligand-THR302 H 0Gl1 1.780
Ligand-PRO427 H O 1.742
VALI104-Ligand N (0] 2.997
TYRS56-Ligand OH o 2910
Pg;gz(];l\?[ 4 -7.08 6.51 ARG63-Ligand NH1 o 2.660
Ligand-PHE112 H (¢} 2.197
Ligand-ASP50 H OD1 2.082
Conclusion ACKNOWLEDGEMENTS

The molecular structural parameters, wavenumbers and
the corresponding vibrational assignments of KFD were studied
by both DFT and experimental method. The consistency bet-
ween the calculated and experimental FTIR and FT-Raman
data demonstrates that the DFT method can generate reliable
geometry and related properties of the KFD. The 'H and "°C
NMR magnetic isotropic chemical shifts of the KFD were
computed by GIAO/B3LYP/6-31G (d) method and compared
with experimental one. The HOMO-LUMO energy gab explains
the charge transfer takes place in the molecule. The results of
the TED calculation are also useful for understanding the maxi-
mum absorption wavelength, excitation energy and oscillator
strength involved in the compound. The most reactive part in
the molecule is identified by MEP analysis and it can be
understood based on the information provided by molecular
docking study. The results of molecular docking study shows
that the title molecule can easily dock with CYPs 1A1, 1A2,
3A4, 1B1, 2C8, 2C9 and 2D6 proteins by influencing a hydrogen
bond interaction. Remarkably, the KFD shows better binding
mechanism with the residues of the CYP2C8 and CYP2C9
with minimum binding energy -9.43 kcal/mol and -8.53 kcal/
mol, respectively. As a result, these outcomes strengthen the
possibility of anticancer activity and may have significant
counteractive action for various diseases.
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