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ARTICLE INFO ABSTRACT
Keywords: Background: Shyonaka (Oroxylum indicum Vent) is widely used in Ayurveda and in ethnomedical practice for the
Oroxylum indicum vent treatment of inflammation, pain, diarrhea, non-healing ulcers, and cancer. Owing to the high prevalence of

Epstein barr virus (EBV)
Nasopharyngeal carcinoma (NPC)
Baicalein

Molecular docking

MD simulation

Epstein-Barr virus (EBV) infection in Nasopharyngeal carcinoma (NPC) patients, simultaneous targeting of
proteins involved in both EBV replication and NPC proliferation might help to manage the disease effectively.

Objectives: This study is designed to identify potential dual targeting inhibitors from Oroxylum indicum having the
potential to inhibit both EBV and NPC. This study also attempted quantitative analysis of Shyonaka Bark
Decoction (SBD) to confirm the presence of Baicalein and Chrysin which are predominant marker compounds of
Shyonaka.

Methodology: The HPLC analysis of stem bark and root bark of Oroxylum indicum was done to estimate the
presence of marker compounds Baicalein and Chrysalin. The in-silico analysis included ADMET analysis followed
by molecular docking of known compounds from Oroxylum indicum (retrieved from IMPPAT database) onto the
target proteins of EBV (BHRF1, NEC1, dUTPase, Uracil DNA glycosylase) and NPC (COX-2, EGFR, and MDM2)
using DOCK6 tool. Further validations were done using the molecular dynamics simulations of top screened
molecules onto the selected target proteins using AMBER20 package and their corresponding MMGBSA binding
free-energy values were calculated.

Results: The molecular docking revealed that the key molecules from the plant, scutellarein 7-rutinoside (S7R),
scutellarin (SCU) and 6-hydroxyluteolin, Baicalein and 5,7-Dihydroxy-2-phenyl-6-[3,4,5-trihydroxy-6-(hydroxy-
methyl)oxan-2-ylJoxychromen-4-one (57D) are effectively intervening with the target proteins of EBV, one of the
key causative factors of NPC and the NPC specific targets which have the potential to reduce tumor size and other
consequences of NPC. The molecular dynamics simulations of S7R, Baicalein and 57D, Baicalein with MDM-2
protein and dUTPase protein, respectively, showed stable interactions between them which were further
assessed by the binding energy calculations.

Conclusion: Overall, the in-silico evaluation of these phytochemicals with target proteins indicates their potential
to inhibit both EBV and NPC which needs further in-vitro and in-vivo validations.
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Properties of Shyonaka (Oroxylum indicum Vent.) as described in Ayurvedic literature.

Rasa (taste)

Madhura (Sweet), Tikta (bitter), Kashaya (astringent)

Guna (qualities)

Virya (potency)

Vipaka (post digestive state)
Karma(activities)

Ganna (therapeutic group)

Therapeutic Uses

References of Shyonaka in the context of Granthi,
Shotha, Uroroga, Nasaroga etc.

Important Formulations
Dose

Rasa (taste)

Guna (qualities)

Virya (potency)

Vipaka (Post digestive state)

Karma:(activities)
Ganna (ther apeutic group)

Therapeutic Uses:

References of Shyonaka in the context of Granthi,
Shotha, Uroroga, Nasaroga etc.

Important Formulations

Dose

Laghu (light),Ruksha (dry)

Shita (cold) [mentioned as Ushna (hot) in Dravyaguna Vijnana by Dr. Priyavrata Sharma]

Katu (pungent)

Kaphavatashamaka (pacifies Kapha, and Vata), Dipana (digestion and metabolism enhancing), Grahi (absorptive)

Group of ten unctuous enema assisting substance (anuvasanopaga-mahakashaya, SAT-F.213), group of ten intestinal
astringent dravya (purishasamgrahaniya-mahakashaya, SAT-F.218), group of ten anti-phlogistic/anti-inflammatory
substances (shvayathuhara-mahakashaya, SAT-F.225) and group of ten calafacient, a drug or other substance that gives a
sensation of warmth (shitaprashamana-mahakashaya, SAT-F.229)

Vatatisara (a type of diarrhea), Kasa (cough), Aruchi (tastelessness), Basti Roga (diseases of urinary bladder), Amavata (a type
of rheumatism), Udara Roga (ascites), Urustambha (stiff thigh), Vatavyadhi (disorders due to Vata), Karna Roga (diseases of
ear), Shotha (oedema/inflammation), Gulma (lump), Arsha (haemorrhoids), Krimi (worm infestation), Granthi (cyst), Nasaroga
(diseases of nose), Vrana (wound), Sannipataja Jwara (a type of fever)

1. Shyonaka has been mentioned as one of the ingredients of Himsradi lepa (indicated in Vataja Granthi) in the chapter of
Sushrutasamhita titled Granthyapachyarbudagalagandachikitsa.

2. It is one of the ingredients of various groups of drugs such as ShwayatuharaMahakashaya and Rodhradi gana, Viratarvadi
gana.

3. It is one among the ingredient of Chyavanaprasha&Brahmarasayana mainly used in Kasa (cough), Shvasa (difficulty in
breathing)& also in Svarakshaya (feeble voice), Uroroga (diseases of chest region)

4. Shyonaka is an ingredientof Shatahvadi dhoomavarti which isuseful in Vataja Pinasa (a type of nose disease)

Dashamula Kvatha Churna, Amritarishta, Dantyadyarishta, Dashamularishta, Narayana taila, Dhanavantara Ghrita, Brahma
Rasayana, Chyavanaprasha Awaleha

5-10 g. in powder form

25-50 g. in decoction.

Madhura (Sweet), Tikta (bitter), Kasshaya (astringent)

Laghu (light), Ruksha (dry)

Shita (cold) [mentioned as Ushna (hot) in Dravyaguna Vijnana by Dr. Priyavrata Sharma]

Kattu (pungent)

Kaphavatashamaka (pacifies Kapha, and Vata), Dipana (digestion and metabolism enhancing), Grahi (absorptive)

Group of ten unctuous enema assisting substance (anuvasanopaga-mahakashaya, SAT-F.213), group of ten intestinal astringent
dravya (purishasamgrahaniya-mahakashaya, SAT-F.218), group of ten anti-phlogistic/anti-inflammatory substances
(shvayathuhara- mahakashaya, SAT-F.225) and group of ten calafacient, a drug or other substance that gives a sensation of
warmth (shitaprashamana- mahakashaya, SAT-F.229)

Vatatisara (a type of diarrhea), Kasa (cough), Aruchi (tastelessness), Basti Roga (diseases of urinary bladder), Amavata (a type
of rheumatism), Udara Roga (ascites), Urustambha (stiff thigh), Vatavyadhi (disorders due to Vata), Karna Roga (diseases of
ear), Shotha (oedema/inflammation), Gulma (lump), Arsha (haemorrhoids), Krimi (worm infestation), Granthi (cyst), Nasaroga
(diseases of nose), Vrana (wound), Sannipataja Jwara (a type of fever)

1. Shyonaka has been mentioned as one of the ingredients of Himsradi lepa (indicated in Vataja Granthi) in the chapter of
Sushruta sambhita titled Granthya pachyar budagalaganda chikitsa.

2. It is one of the ingredients of various groups of drugs such as Shwayatuhara Mahakashaya and Rodhradi gana, Viratarvadi
gana.

3. It is one among the ingredient of Chyavanaprasha & Brahmarasayana mainly used in Kasa (cough), Shvasa (difficulty in
breathing) & also in Svarakshaya (feeble voice), Uroroga (diseases of chest region)

4. Shyonaka is an ingredient of Shatahvadi dhoomavarti which is useful in Vataja Pinasa (a type of nose disease)
Dashamula Kvatha Curna, Amritarishta, Dantyadyarishta, Dashamularishta, Narayana taila, Dhanavantara Ghrita, Brahma
Rasayana, Chyavanaprasha Awaleha

5-10 g. in powder form

25-50 g. in decoction.

1. Introduction

Application of Shyonaka (Oroxylum indicum Vent.) is very common
in Ayurvedic and ethnomedicinal practice for the treatment of inflam-
mation, pain, wound healing, diarrhea and cancer [1,2]. The details of
Ayurvedic usage of Shyonaka are mentioned in Table 1 [3-14].

1.1. Application of Shyonaka in the treatment of cancer: Leads from in-
vitro to in-vivo experiments and a case study

Many groups have identified the effectiveness of Oroxylum indicum
Vent extracts against multiple cancer types including Ehrlich’s ascites
carcinoma [15], breast cancer [16], epidermoid carcinoma of the larynx
(Hep2 cell lines) [17], and Nasopharyngeal carcinoma [1,18]. In
another reported case study (1999) [1], a patient from Senapati district
of Manipur suffering from Nasopharyngeal carcinoma (NPC) underwent
multiple chemotherapies but could not be cured. Later, on recommen-
dation of a fellow Tangkhul Naga tribe person whose relative got cured
of NPC by consuming the decoction of Oroxylum indicum Vent bark, the
patient was also administered the same treatment. About 1.0 kg of fresh
bark was boiled in 5 L of water for 30-40 min and the decoction was
filtered in a bottle. A teacup (~100 ml) of this decoction alone or with

honey was administered orally three times a day to the patient. The
honey was added to the decoction to neutralize the bitter taste. After 2
weeks of the treatment the patient was found to be free from the pain
with gradual reduction in swelling of the face and alleged to be cured
from NPC.

1.2. Incidence of nasopharyngeal carcinoma (NPC)

Head and neck cancer is the major form of cancer prevalent in India.
NPC is one type of cancer which shows marked geographic differences,
with highest incidence rates in Southern China and in few north eastern
states of India viz., Nagaland and Manipur. Further, it is pertinent to
note that, the prevalence of NPC has decreased by roughly 30% in some
endemic regions over the past 20 years. It might be because of envi-
ronmental changes or lifestyle adaptation of the local population
[19-21]. The GLOBOCON 2020 estimated 1,33,354 (0.7%) new cases
for nasopharyngeal carcinoma. The incidence (cases, age-standardized
rate, cumulative risk) and mortality data (deaths, age-standardized
rate, cumulative risk) are mentioned in Tables 2 and 3 [22].

As evident from the previous literature, NPC exhibits a very sub-
stantial connection with Epstein-Barr virus (EBV) infection. In terms of
the treatment regime, radiation therapy is typically effective in treating
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Table 2
Global incidence of nasopharyngeal carcinoma (NPC)
Males Females
Cases Age- Standardized Rate (Global) Cumulative Risk, Ages 0-74 Years, % Cases Age- Standardized Rate (Global) Cumulative Risk, Ages
0-74 Years, %
96,371 2.2 0.24 36,983 0.8 0.09
Table 3
Global deaths due to nasopharyngeal carcinoma (NPC)
Males Females
Cases Age- Standardized Rate (Global) Cumulative Risk, Ages 0-74 Years, % Cases Age- Standardized Rate (Global) Cumulative Risk, Ages 0-74 Years, %
58,094 1.3 0.16 21,914 0.5 0.05
7-dihydroxy-6-methoxy-gamma-Tocopherol (bark, seed), Hispidulin
mAU Root Bark Baicalein (root), Lauric acid (seed), Linoleic acid (seed), Myristic acid (seed),
1200 1 Stem Bark Chrysin Nepetin (bark.), Octanoic acid (S.e.Gd), Qlelc acid (seed.), Or.oxmf:lm (root,
~ | oo seed), Oroxylin A (bark), Palmitic acid (seed), Palmitoleic acid (seed),
E 1 ] Prunetin (wood), Scutellarein (bark, leaf), Scutellarein 7-rutinoside
E 800: ho ) - i (bark), Scutellarin (bark, leaf) and, Stearic acid (seed).
- 1 |
: 1 / HO' O o O
2 ] \ 2. Material and methods
£ f
% 400‘: 2.1. Sample preparation and HPLC analysis
— ] The root and stem barks of Oroxylum indicum Vent were collected
0 from the garden of CARI Jhansi and authenticated by the botany section
(CARI Jhansi) with accession number Mus/O8/Wp. The plant name was
0 5 10 15 20 25 30 cross-checked with Global Biodiversity Information Facility (https://
Retention Time (minutes) www.gbif.org/species/4090936).

Fig. 1. HPLC analysis of root and stem bark extracts of O. indicum and stan-
dards (Baicalein and Chrysin) at 270 nm.

nasopharyngeal cancer. The clinical outcome has significantly improved
over time as a result of more precise staging and better treatment pro-
cedures, however, NPC’s distinctive and frequently misleading histo-
logical characteristics have led to debates about the tumor’s nature and
continue to be a challenge for surgical pathologists [23].

1.3. Chemical profile of Oroxylum indicum vent

So far, the following chemicals have been isolated from various parts
of O. indicum Vent [2,24,25]. The list is as follows: 4-Hydroxycinnamic
acid (bark), 5,7-Dihydroxy-2-phenyl-6-[3,4,5-trihydroxy-6-(hydroxy-
methyl)oxan-2-ylJoxychromen-4-one (seed), 6-Hydroxyluteolin (bark),
Aloe emodin (leaf), Anthraquinone (leaf), Apigenin 7,4-dimethyl ether
(bark), Baicalein (root, bark, leaf, stem, seed), Baicalein 6-glucoside
(seed), Baicalein (leaf, seed), beta-Sitosterol (bark, root, seed, wood),
biochanin A (root), Chrysin (bark, leaf, root, stem), Dihydrobaicalein
(bark), Dimethyl terephthalate (root), Ellagic acid (root), Flavanone, 5,

Table 4

The HPLC analysis of stem bark and root bark of O. indicum was
performed by using the method reported [26] with minor modifications,
where marker compounds Baicalein and Chrysin were quantitatively
identified. In brief, 5 g of the powdered sample (stem bark or root bark)
and 50 mL of methanol was taken in 250 mL beaker, sonicated for 15
min and was then centrifuged at 5000 rpm for 5 min. The resultant
supernatant upon filtration by 0.22-pm syringe filter was used as the
sample solution for HPLC analysis. HPLC analysis was carried out using
an Agilent 1260 Infinity II LC system (Agilent Technologies), equipped
with a Multicolumn thermostat (MCT), autosampler, flexible pump, 100
pL syringe, and Diode Array Detector (DAD) with wavelength range
200-800 nm and the data was analyzed on OpenLab CDS ChemStation
Edition software. The chromatographic conditions include C18 (4.6 x
250 mm, 5p particle size) column as stationary phase, Water (0.1 %
Formic acid): Methanol: Acetonitrile (47: 28: 25 v/v/v) as mobile phase
with 1.0 mL/min flow rate, injection volume of 5 pL, and 30 °C MCT
temperature. The targeted phytochemicals (baicalein and chrysin) in,
stem bark or root bark were analyzed at 270 nm.

The list of important target proteins from Homo sapiens and Epstein Barr Virus (EBV) used in this study.

EBV Target Proteins

Cancer Target Proteins

S. Target Name RCSB Role of Target Protein Target RCSB Role of Target Protein

No. PDBID Name PDBID

1. BHRF1 7P33 Inhibits pro-apoptotic proteins and responsible for chemo- COX-2 5KIR Involved in inflammatory and neoplasmic activities
resistance and lymphomagenesis. (NPC migration and invasiveness).

2. NEC1 7T71 Responsible for virion nuclear egress in association with EGFR 1M17 Enhances EBV infection and promotes EBV
NEC2. metastasis.

3. dUTPase 2BT1 Involved in lytic cycle and reactivation of EBV in infected MDM2 41PF Negatively regulates p53 and a potential target
cell and modulate the immune response. involved in NPC.

4. Uracil DNA 2J8X Crucial for viral replication. - - -

Glycosylase
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Fig. 2. Bar plot shows the docking scores for the best docked phytochemical for the three human (MDM2, EGFR, cyclooxygenase-2) (shown in green) and four viral
(Uracil DNA glycosylase, NEC1, dUTPase, Bcl-2 homolog BHRF1) (shown in red) proteins. Chemical structures of phytochemicals pointing towards the protein they

were found to be best bound.

2.2. Molecular docking

The docking of the phytochemicals against three human proteins
(MDM2, EGFR, and cyclooxygenase-2) and four viral proteins (Uracil
DNA glycosylase, NEC1, dUTPase, and Bcl-2 homolog BHRF1) was
performed using the DOCK®6 tool [27]. The receptor parameters for all
proteins were generated using UCSF Chimera [28]. The AMBER14SB
force field was used for parameterization [29]. This was followed by

identification of the active site using the sphgen module of DOCK®6.
Spheres were generated on the surface of the receptor molecule and the
cluster of the spheres around the coordinates of the pre-bound ligand
was considered as the active site. This was followed by generation of
grid over the active site, in order to effectively accommodate the ligand
molecule. This was performed by the grid module of DOCK 6. The last
step was docking of the phytochemicals to the prepared receptors; it was
performed by dock6 module of DOCK 6. Apart from the phytochemical
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. MDM2]
Epidermal Growth Factor Receptor (EGFR)
" Cyclooxygenase-2
Uracil DNA glycosylase

Baicalein (BAI)
(PubChem ID: 5281605)

Nuclear egress complex (NEC1)

L Bcl-2homolog BHRF-1 |

Bcl-2 homolog BHRF-1

Cyclooxygenase-2

Uracil DNA glycosylase

dUTPase

Fig. 3. Bar plot shows the docking scores for baicalein against the three human (MDM2, EGFR, cyclooxygenase-2) (shown in green) and four viral (Uracil DNA
glycosylase, NEC1, dUTPase, Bcl-2 homolog BHRF1) (shown in red) proteins. (Inset) 2D representation of Baicalein molecule beside the bar plot.

docking on to the selected receptors, co-crystal docking was also carried
out to check the accuracy of the docking process. The pre-bound ligand
of the crystal structure was removed and then the ligand was docked
onto the same receptor with above mentioned protocol of docking. The
structures of best scored protein-ligand complexes and the docking
scores are reported. Two protein-ligand complexes namely, MDM2-S7R
and dUTPase-57D are subjected for molecular dynamics simulations.
One of the important phytochemical baicalein was also docked against
all the seven protein targets. Baicalein-bound complexes MDM2-BAI and
dUTPase-BAI were also subjected for MD simulations.

2.3. Molecular dynamics simulations

Best scoring phytochemicals were selected for the molecular dy-
namics simulations with proteins (MDM2-S7R, dUTPase-57D). Also,
simulations using two baicalein bound protein complexes namely,
MDM2-BAI, dUTPase-BAI was carried out. The simulations were per-
formed using the AMBER 20 simulation package [30]. The AMBER
FF14SB force field was used for generation of the parameters for proteins
[29]. The antechamber module of AMBERTOOLS along with the GAFF
force field was used to generate the parameters for phytochemicals [31,
32]. The systems were neutralized by Na+/Cl-ions and solvated using
the TIP3P water model. The minimization was performed for 20,000
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J/
MDM2 AL
PDB ID: 4IPF v
Fig. 4. Superimposition of MDM2 (PDB ID: 4IPF) and docked MDM2 with the crystal ligand.
Table 5
Drug likeliness properties calculated for S7R(a), 6HY(b), 57D(c), SCU(d) and BAI(e).
PubChem Mol. No. of H- No. of Total Lipophilicity Solubility GI BBB Pgp CYP3A4 log Kp Lipinski
D wt. (g/ bond H-bond Surface (WLOGP) absorption  permeability substrate Inhibitor (cm/s) violations
mol) acceptors donors Area
(&)
944258427 594.52 15 9 249.20 -1.39 Soluble Low No Yes No —10.06 3
5281642 302.24 7 5 131.36 1.99 Soluble High No No Yes —6.60 0
€12443368 432.38 10 6 170.05 0.05 Soluble Low No No No —-8.33 1
4185617 341.44 3 1 47.56 4.52 Soluble Low No Yes No —8.59 2
€5281605 270.24 5 3 90.90 2.58 Moderately High No No Yes —5.70 0
soluble

steps using the steepest descent and the conjugate gradient method. The
system was gradually heated to 300 K using the Langevin thermostat.
The SHAKE algorithm was employed for dealing with the hydrogen re-
straints. NPT equilibration was performed for 1ns at temperature of 300
K and 1latm pressure using Berendsen barostat. The production run was
performed for 200ns using the NPT ensemble.

2.4. Analysis

All the simulation trajectories were analyzed for RMSD by cpptraj
module of AMBERTOOLS20 [33]. The Molecular mechanics/General-
ized Born Surface Area (MM-GBSA) free energy calculations were per-
formed [34]. The MM-GBSA and Molecular
Mechanics/Poisson-Boltzmann Surface Area (MM-PBSA) methods
calculate binding free energies for macromolecules by combining mo-
lecular mechanics calculations and continuum solvation models.

AGcom/rec/lig = AHcom/rec/lig -T. AScom/rec/lig

1
<AE§gls'n/rec/lig> + <AGggm/rec/lig >-T< AScom/rec/lig>
AAGyping = AGcomplex — (AGpec + AGlig)

Where AEE, /rec/lig is @ molecular mechanics energy for the complex,
receptor and ligand. AGi%lm/rec/“g is the solvation energy for the com-
plex, receptor and ligand, which is calculated either by solving Poisson’s
equation or by using the Generalized Born solvation model. The AS is the

entropy contribution. Snapshots were generated at 100ps intervals from
the trajectories of 200ns length. These 500 snapshots were used to
calculate the AAGyping of the complexes using the MMGBSA method
(solvent dielectric constant = 78.5).

The non-bonded interactions (van der Waals and hydrogen bonding)
between the ligand and the protein were calculated using the GetCon-
tacts module of FlarePlot [35]. The drug likeliness properties for the
phytochemicals were calculated using the SwissADME tool [36]. The
cluster analysis of the trajectories of best docked ligands on dUTPase and
MDM2 were done using Ttclust tool [37].

3. Results and discussion
3.1. HPLC analysis of root bark extract

HPLC analysis of root and stem bark extract of O. indicum was con-
ducted to check the presence of pharmacological molecules, and results
showed the clear peaks of Baicalein (peak on retention time at 4 min)
and Chrysin (peak on retention time at 19 min) in both extracts, com-
parable with standard of same molecules (Fig. 1). The observed quantity
(w/w on plant dry weight basis) of baicalein in term of percentage was
0.13% while that of Chrysin was 0.09% in root bark extract. Similarly,
content of baicalein and Chrysin in stem bark extract was found to be
0.64% and 0.04%, respectively.
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Fig. 5. RMSD of (A) MDM2, (B) MDM2-bound ligands in the MDM2-bound simulations and RMSD along the simulations of (C) dUTPase and (D) dUTPase-bound

ligands in the dUTPase-bound simulations.

3.2. Molecular docking studies

The docking of the phytochemicals against three human (MDM2,
EGFR, cyclooxygenase-2) and four viral (Uracil DNA glycosylase, NEC1,
dUTPase, Bcl-2 homolog BHRF1) proteins (Table 4) was performed
using the DOCK6 tool [27] and their corresponding scores are
mentioned in Supplementary Table 1. The bar plot in Fig. 2 shows the
docking scores for the best docked phytochemicals against these pro-
teins. In case of the human proteins, the phytochemicals scutellarein
7-rutinoside (S7R), scutellarin (SCU) and 6-hydroxyluteolin (6HY) were
observed to bind most favorably to MDM2, EGFR and cyclooxygenase-2,
respectively. SCU was observed to bind to the viral protein uracil DNA
glycosylase with best dock score. S7R was the best docked phytochem-
ical to NEC1 and Bcl-2 homology BHRF1 viral proteins. dUTPase was
observed to show most prominent binding to the phytochemical, 5,
7-Dihydroxy-2-phenyl-6-[3,4,5-trihydroxy-6-(hydroxymethyl)
oxan-2-yl]oxychromen-4-one (57D). The docking scores for all of these
molecules were found to be between —55 and —40 kcal/mol.

The Tanimoto similarity was also calculated between the phyto-
chemicals BAI (Baicalein), 57D (Dihydroxy-2-phenyl-6-[3,4,5-trihydroxy-

6-(hydroxymethyl)oxan-2-ylJoxychromen-4-one), S7R (scutellarein 7-
rutinoside), 6HY (6-hydroxyluteolin), SCU (Scutellarin) from Shyonak
(Oroxylum indicum Vent) with the known inhibitors (positive control li-
gands) of the respective target proteins viz 1F0 (MDM2), EBAI (BHRF1),
Celecoxib (COX-2), Lapatinib (EGFR) as shown in Supplementary Fig. 2.
The score of zero refers to no similarity while the score of 1 corresponds to
100% similarity. The similarity between MDM2’s known inhibitor 1FO
with the O. indicum phytochemicals ranged from 0.35 to 0.91 while for
other target protein’s known inhibitors, the similarity with O. indicum
phytochemicals was lower ranging from 0.095 to 0.49.

3.3. Docking of baicalein

Fig. 3 shows the docking of Baicalein against the seven proteins. The
bar plot in Fig. 3 shows the grid scores obtained in each of the human
and viral protein targets considered. It was observed that in case of viral
proteins the docking score ranged within —37 to —28 kcal/mol dUTPase
showed the lowest value of docking score suggesting most stable binding
with Baicalein. In case of the human proteins, cyclooxygenase-2 showed
a docking score in the similar range.
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The average RMSD between the clusters in each complex was found to be 1.74 A and 1.80 A respectively.




S.R. Thrigulla et al.

Journal of Ayurveda and Integrative Medicine 15 (2024) 100986

Distribution within clusters
704

AVERAGE RSMD BETWEEN
CLUSTERS: 1.39 A

Number of members

Distribution within clusters
Sa8

AVERAGE RSMD BETWEEN
CLUSTERS : 1.66 A

400 4

Number of members

00
Time (ns)

MDM2-BAI

(.\. ‘ .‘\
. § =X
y ,. I\’]
\\. P
v\/.\ "\' ~J
v < ~N

(a)

(b)

Fig. 8. Cluster analysis of (A) MDM2-S7R complex and (B) MDM2-BAI complex and their corresponding representative structures over the 200ns simulations. The
average RMSD between the clusters in each complex was found to be 1.39 A and 1.66 A respectively.

3.4. Validation of docking protocol

The co-crystal docking of MDM2 (PDB ID: 4IPF) was performed using
DOCK6 [27]. The crystal structure of MDM2 consisted of the ligand
R0O5045337 (PubChem ID: 57,406,853). This ligand was docked on to
the MDM2 structure using the docking protocol discussed in the meth-
odology section. Fig. 4 shows the superimposition of the docked ligand
(pink) on to the crystal position (blue) of the ligand in PDB ID: 4IPF. It
was observed that the all atom RMSD was 1.8 A, which suggests near to
the crystal position for the ligand.

3.5. Drug likeliness of phytochemicals

The drug likeliness properties of the five phytochemicals (Table 5),
namely, S7R, SCU, 57D, 6HY and BAI were studied using the Swis-
SADME server [36]. The parameters calculated for understanding the
drug likeliness suggested that most of the parameters were lying well in
the allowed limits for small molecules that can be considered for further
studies of drug development.

3.6. Conformational dynamics of protein-ligand complexes

3.6.1. Overall dynamics

The molecular dynamics simulations were performed for the human
protein (MDM2) and EBV protein (dUTPase). Total of four simulations
were performed, namely, MDM2-S7R, MDM2-BAI, dUTPase-57D and
dUTPase-BAI S7R was found to be the best docked phytochemical for
MDM2 while 57D was found to be the best docked phytochemical for
dUTPase.

As this study focused on Baicalein (BAI) hence, the Baicalein docked
structures of MDM2 and dUTPase were also studied through simula-
tions. The trajectory of 200ns were divided into four blocks of 50ns each
and plotted the block RMSD considering the average structure of the

block as the reference structure to calculate the block RMSD as shown in
Supplementary Fig. 1. The block RMSD was appeared to maintain stable
values around 1.5 to 2 A for the proteins MDM2 (Supplementary Fig. 1A)
and dUTPase (Supplementary Fig. 1 C) in both the ligand bound systems
in all the four blocks. The block RMSD showed overall convergence of
the protein-ligand complex system over the simulation run. Fig. 5 shows
the root mean square deviation values for these simulations considering
the start structure of the simulation as the reference. Fig. 5A shows the
RMSD of MDM2 in the MDM2-S7R and MDM2-BAI simulation systems.
It was observed that throughout the 200ns of the simulation time,
MDM2 was stable within 2-3A. However, the ligands S7R and BAI
appeared to fluctuate significantly in the MDM2-S7R and MDM2-BAI
systems, respectively (Fig. 5B). In case of S7R, the RMSD was
observed to increase fluctuate between 2.5 A and 4 A in the last 200ns
(Fig. 5B). BAI was observed to span within two RMSD values, namely,
0.5 A and 1.5 A at distinct simulation times (Fig. 5B).

Fig. 5C showed the RMSD of dUTPase in the dUTPase-57D and
dUTPase-BAI simulation systems. It was observed that throughout the
simulation time dUTPase was stable around RMSD value of 2.5 A in the
presence of either 57D or BAIL Similar to MDM2-ligand complexes, the
ligands 57D and BAI were observed to fluctuate significantly (Fig. 5D).
The ligand 57D was observed to maintain stability at the 3 A for almost
the entire simulation time. However, in case of BAI the RMSD values
were between 0-1A for majority of the simulation time. The maximum
RMSD reached by BAI was around 1.5 A.

Residue-wise Root Mean Square Fluctuation (RMSF) (Fig. 6) was
calculated for MDM2 residue when bound to S7R and BAIL It was
observed that the fluctuations were quite similar in the presence of
either of the ligand-bound states. Similarly, in the case of dUTPase too,
the fluctuations for its residues were almost lying within the same RMSF
range in the presence of either of the ligands.

The cluster analysis of the MD trajectories was done using Ttclust
tool. Top clusters of protein-ligand complexes identified over the
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trajectories are shown in Figs. 7 and 8. Fig. 7A shows four distinct
clusters of dUTPase-57D complex with the average RMSD of 1.74 A
while Fig. 7B shows three clusters of dUTPase-BAI complex with the
average RMSD of 1.80 A. In the case of MDM2-ligand complexes, the
MDM2-S7R complex (Fig. 8A) showed up to five clusters with an average
RMSD of 1.39 A between the representative structures while MDM2-BAI
complex (Fig. 8B) showed four clusters with an average RMSD of 1.66 A
between the clusters. Based on the average RMSD values of each cluster
in the respective protein-ligand complexes, the systems were found to be
stable and converged.

Hence, the overall dynamics suggest that, the protein as whole acted
similar in presence of the best docked phytochemical and BAI for both
MDM2 and dUTPase. The stability of the best docked phytochemical
appeared to be less as compared to the BAI in case of MDM2. This may
suggest that even though BAI ranked lower in terms of the docking score
it showed comparatively lower RMSD values inferring better stability
than the top ranked phytochemical.

3.6.2. Interactions with best docked phytochemicals

The average binding energy values of the S7R with MDM2 and 57D
with dUTPase with the decomposition of energy components are shown
in the Supplementary Table 2. Figs. 9 and 10 shows the binding between
S7R with MDM2 and 57D with dUTPase, respectively. Fig. 9A shows the
AAGbind between S7R and MDM2 for entire 200 ns of the simulation
time, the calculations were performed at every ns. The free energy of
binding was observed to lie between —30 and —10 kcal/mol. In order to
dig deeper into the binding between the two, the residue-wise free en-
ergy contribution in binding (Fig. 9B) and percentage occupancy of non-
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bonded interactions (van der Waals and hydrogen bonding) between
S7R and MDM2 (Fig. 9C) were calculated, respectively. The residues
showing an occupancy of more than 20 % have been shown in Fig. 9B
and C. E1, M26, K27, .30, H72, R73, Y76, A77 and S80 were observed to
interact with S7R. It was observed that Y76 showed most contribution in
binding attributing to the most stable free energy contribution (—3.3
kcal/mol) and highest percentage occupancy (99 %) of the non-bonded
interactions.

Fig. 10 shows binding parameters for the dUTPase-57D simulation.
Fig. 10A shows the AAGying between 57D and dUTPase for entire 200 ns
of the simulation time, the calculations were performed at every ns. It
was observed that the AAGping was improving by the end of the simu-
lation, ranging between —40 and —30 kcal/mol. The residues T111,
N122, H123, P124, Q125, Y126, P127, G128, D129, V130, G131, L132,
D133, and R208 were observed to interact with the ligand 57D
(Fig. 10B). D133 was observed to contribute the most in terms of the free
energy of binding. This residue showed percentage occupancy of 96.4 %
in forming interactions with 57D (Fig. 10C). Y126, L132 and R208 all
showed comparatively better contribution in free energy of binding.
This was complimented with high percentage occupancy of interactions
with 57D, calculated around 84.4 %, 60.1 % and 92.9%, respectively.
The residues contributing significantly to the free energy binding with
57D were observed to form strong non-bonded interactions with the
ligand throughout the simulation. Three residues, namely D129, D133
and R208 were observed to form non-bonded interactions with more
than 90 % of percentage occupancy.
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3.6.3. Interactions with baicalein

The average binding energy values of the BAI with MDM2 and
dUTPase with the decomposition of energy components are shown in the
Supplementary Table 2. Figs. 11 and 12 shows the interaction of MDM2
and dUTPase with baicalein in terms of free energy of binding, residue-
wise contribution in free energy binding and percentage occupancy of
non-bonded interactions formed between the protein and ligand,
respectively. Fig. 11A depicts that the AAGypiyq was stable within —30 to
—20 kcal/mol between BAI and MDM2. The free energy contribution by
the residues of MDM2 has been shown in Fig. 11B. G34, 137, M38, Y43,
D44, Q47, Q48, H49, 150, V51 and V69 were observed to contribute in
free energy of binding with BAI. Y43 was observed to contribute the
most; also the percentage occupancy of this residue was 99.7%. This was
the strongest binding residue in terms of free energy contribution and
percentage occupancy of interactions formed with BAL Q47, Q48, and
150 showed percentage occupancy of more than 90%. 150 was the second
most contributing residue in terms of the free energy of binding to BAI as
shown in Fig. 11C. This suggests that these interactions remained stable
throughout the simulation length. Additionally, on comparing the
AAGpinq of MDM2 with BAI and S7R, it was observed that MDM2
showed stable binding to BAI than S7R.

Fig. 12A shows the AAGbind between dUTPase and BAI, which was
stable between —30 and —20 kcal/mol. The residues L58, H69, G71, 172,
173, Y77, R82, L83, 184, G168, S170, M174 and Q211 were observed to
form interaction with BAI, Fig. 12B shows the contribution of these
residues in the free energy of binding. Fig. 12C depicts the percentage
occupancy of interactions formed by these residues with BAI. 173 was
observed to contribute the most in the free energy of binding, however,
the percentage occupancy of this interaction was round 52.9%. In terms
of percentage occupancy of the interaction formed with BAI, three res-
idues, namely, H69, 172 and S170 showed a percentage occupancy of
more than 85 %. This indicates that these interactions were maintained
throughout the simulation length.
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4. Discussion

This study explored Oroxylum indicum (Shyonaka), which is tradi-
tionally used in several ethnomedicinal systems to treat various human
ailments. Our study identified potential dual targeting inhibitors from
selected plant for EBV and NPC along with quantification analysis of
root and stem bark, for confirming the presence of prevalent phyto-
chemicals, Baicalein and Chrysalin. Various reports are available for
application of these phytochemicals obtained from this plant in naso-
pharyngeal, oral and breast cancers [16,38].

Our study attempted molecular dynamics simulations of S7R and
Baicalein, with human protein (MDM2), and 57D, Baicalein, with viral
protein dUTPase, and attained stable interactions between them. This
was also confirmed by the binding energy calculations. Buranrat et al.
[16] had observed inhibition of cell proliferation in breast cancer cells
using O. indicum extracts prepared from leaves and fruits. They also
claimed reduction in expression of cell cycle regulatory protein, Racl.
Moreover, another group [39] evaluated cytotoxic effects of ethanol
extracts of O. indicum on HeLa cells and observed induction of apoptosis
and suppressed levels of NF-kB, COX-2, Nrf2, and RASSF7 proteins.
Rajkumar et al. [40] reported induction of apoptosis in MDA-MB-435 S
(human breast carcinoma), Hep3B (human hepatic carcinoma), and
PC-3 (human prostate cancer) cell lines upon treatment with aqueous
and methanolic extracts of stem bark of O. indicum.

Above reports and reviews suggested that various phytochemical
constituents present in O. indicum can be explored for their different
pharmacological applications especially pertaining to cancer
treatments.

The two phytochemicals S7R and SCU appeared to be promising as
they were found to bind with best docking score to human and viral
proteins. In case of S7R, it bound the best to MDM2, which is a crucial
protein in the p53-dependent cancer pathway. The inhibition of MDM2
leads to increased concentration of tumor suppressor p53, which further
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performs its function to express genes that transcribe proteins that halt
tumor progression in cancer. SCU was observed to be the best docked
ligand for the EGFR (human) and uracil DNA glycosylase (viral). The
former being one of the crucial proteins in human cancers. Whereas, the
latter one is crucial for viral growth.

Previous studies have showed the potential of Baicalein in the pre-
vention and treatment of nasopharyngeal and oral cancers, in various
cell line models [41-43]. Similarly, this in-silico study identified the
strong and stable binding of Baicalein to the target proteins of EBV and
NPC which were previously not reported to bind with Baicalein.

On this basis, the in-silico evaluation of the selected phytochemicals
from O. indicum conducted in our study, with target proteins indicated
their potential to inhibit both EBV and NPC. This study will pave way for
further in-vitro and in-vivo validations using these phytochemicals.

5. Conclusions

Based on the literature, many studies have showed the association of
EBV with NPC. This study is focused to identify the role of Oroxylum
indicum in the dual inhibition of NPC and EBV. The screened compounds
from Oroxylum indicum are binding with high affinity to the target
proteins involved in EBV and NPC. Based on the docking score, molec-
ular dynamics simulations and binding energy calculations, the phyto-
chemicals S7R, SCU and Baicalein are binding with high affinity to the
target proteins MDM2 and dUTPase. Out of these, Baicalein showed
better binding to MDM2 than S7R, however, the binding with dUTPase
was comparable with 57D. Based on these results, we propose the dual
inhibitory activity of phytochemicals from Oroxylum indicum against

EBV and NPC. However, the validation of binding of these screened
compounds to the target proteins needs to be done using in vitro surface
plasmon resonance and isothermal calorimetric analysis, followed by in
vitro cell line and in vivo mouse models testing before moving to the
clinical trials.
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