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ABSTRACT
Background: Reactive oxygen species (ROS), produced by different enzymes, play a role in 
oxidative stress, which is linked to the development of many diseases. The NADPH oxidase 
(NOX) enzyme family serves as a primary source of ROS, with NOX5 being a comparatively 
underexplored member regarding antioxidant activity and therapeutic targeting. Materials and 
Methods: A computational screening method was utilized to discover selective NOX5 inhibitors 
from a collection of phytochemicals. Promising compounds found via computational docking 
were subsequently evaluated for their capacity to inhibit ROS production using in-vitro tests, 
such as Nitroblue Tetrazolium (NBT) and cytochrome C reductase assays. Results: Multiple 
phytochemicals—Tanshinone IIa, Quercetin, Curcuminoids, Berberine, and Resveratrol-showed 
significant NOX5 inhibitory effects. These compounds demonstrated advantageous 
pharmacokinetic characteristics and drug-likeness attributes, suggesting their promise as 
therapeutic options. Conclusion: This research discovers natural substances with potential NOX5 
inhibitory effects and favourable drug-like properties, indicating their promise as antioxidant 
agents for treating ROS-related conditions.
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INTRODUCTION

Oxidative stress caused due to imbalance between ROS production 
in cells and the ability of body to detoxify these reactive products, 
which results into accumulation of reactive free radicals in the 
body. These ROS reacts with various biochemicals in the body to 
oxidise them. Such oxidative products are responsible for various 
abnormalities such as cancer, cardiovascular, neurological, 
respiratory, inflammatory, renal, and sexual disorders (Pizzino et 
al., 2017).

Various enzymes within the body can generate ROS, including 
cytochrome P450 oxidases, monoamine oxidases, NADPH 
oxidases (the catalytic subunit of NADPH oxidases [NOX]), 
lipoxygenases, xanthine oxidase, uncoupled Nitric Oxide Synthase 
(NOS), and the electron transport chain in mitochondria. The 
majority of these enzymes generate ROS following their damage 
from ROS. In contrast, the primary function of NADPH oxidases 
is to produce ROS. They are generally located in various types 
of tissues. Consequently, NADPH oxidases are regarded as key 
targets for addressing these conditions (Vermot et al., 2021).

There are various enzyme isoforms in the NOX enzyme family 
such as NOX1 to NOX7, DUOX1 and DUOX2 (Altenhöfer et 
al., 2015). NOX5 is absent in animal models such as mice and 
rats. Therefore, its function is not as clearly outlined as other 
NOX forms. KO strategies for bigger animals, such as rabbits, 
have recently become accessible but come with a high price tag. 
Therefore, utilizing specific NOX5 inhibitors could offer a more 
favourable method to investigate its impact in bigger animals. 
Limited information on NOX5 prevents considering it as a viable 
therapeutic target for any disease (Bedard et al., 2012).

In this study, we have screened several phytoconstituents identified 
from literature review using in silico processes like molecular 
docking, ADMET study and MD simulations to evaluate their 
antioxidant activity selectively against NOX5 enzyme. As, it has 
been reported that PC3 cell line express NOX5 enzyme (AGNES 
et al., 2009), we incorporated hit molecules obtained through in 
silico study, into in vitro study using NBT (Hyung et al., 2006) 
and cytochrome C reductase assay (Almeida et al., 2010) on PC3 
cell line.

MATERIALS AND METHODS

Data assortment and processing

A total of 140 phytochemicals exhibiting recognized antioxidant 
properties were identified through comprehensive literature 
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review and their three-dimensional structures were sourced from 
PubChem (PubChem, n.d.). OpenBabel software was used to 
process the ligand molecules and convert them to PDBQT format 
for further molecular modelling process (O’Boyle et al., 2011).

Three dimensional crystal structure of dehydrogenase domain of 
the NOX5 protein having 2.20 A˚ resolution evaluated through 
X-ray diffraction (PDB ID: 5O0X) (Magnani et al., 2017) was got 
from RCSB PDB (protein data bank) (Protein Data Bank, n.d.). 
The receptor protein was pre-processed using AutoDock Vina 
(Morris et al., 2009; Steffen et al., 2010). To achieve balance in 
the protein's polarity and charges, polar hydrogens and Kollman 
charges were added and water molecules were removed. A 
receptor grid box was created having x, y and z co-ordinates 
76×76×84 Aº, respectively. Co-ordinates for size and centres 
were set 67.516×4.006×68.476 Aº for x, y, and z dimensions, 
respectively. This protein structure was kept in PDBQT file to use 
it in molecular docking.

Molecular Docking

The ligand molecules were positioned on the NOX5 protein 
(5O0X) with AutoDock Vina for assessing the binding strength 
and interactions, resulting in ten poses for each ligand. The 
interactions between receptor protein and ligand were analysed 
using Biovia Discovery studio 2020 (Dassault Systèmes BIOVIA, 
Discovery Studio Modeling Environment, Release 2021, San 
Diego: Dassault Systèmes, 2020., n.d.) and hits were choosen 
having binding energy below -8.0 kCal/Mol. Being a known and 
previously reported NOX inhibitor, Apocynin was selected as a 
control to compare binding affinity of other compounds (Abliz et 
al., 2016; Cipriano et al., 2023; Tiwari et al., 2023).

ADMET Analysis

The lipinski's rule of 5 evaluates physicochemical properties 
like hydrogen bond donors and acceptors, molecular mass, 
oil to water partition coefficient, and rotational bonds of 
phytochemicals using virtual tools like SwissADME (Daina et al., 
2017) and pkCSM (Pires et al., 2015; pkCSM: Pharmacokinetic 
properties, n.d.). Different drug likeliness rules such as Egan’s 
rule, Ghose rule, Lipinski’s rule of five, Muegge’s rule and Veber’s 
rule were also utilized on the chosen compounds with the help 
of SwissADME software to confirm their drug likeliness. The 
number of parameters that were violated in relation to these 
rules were also considered. Moreover, the pkCSM program 
was utilized to examine diverse ADMET attributes that aid in 
forecasting the pharmacokinetics of compounds, including traits 
like molar refractivity, water solubility, CaCO2 cell permeability, 
topological polar surface area, intestinal absorption, unbound 
fraction, volume of distribution, renal clearance, liver toxicity, 
and the capacity to inhibit P-glycoprotein.

MD Simulations

Being a compound with the best binding affinity among all the 
compounds, Tanshinone IIa was incorporated to MD simulation 
through GROMACS (GROningen MAchine for Chemical 
Simulations) 2020.1 software (Abraham et al., 2015; M.J. 
Abraham, Berk Hess, E. Lindahl, n.d.) to evaluate its stability 
after binding with 5O0X. Chemistry at Harvard Macromolecular 
Mechanics (CHARMM36) force field (Huang et al., 2017) and 
CGenFF (CHARMM General Force Field) server were utilised 
for the generation of topology parameters of ligand molecule 
(Vanommeslaeghe K, Acharya C, Kundu S, Zhong S, Shim 
J, Darian E, Guvench O, Lopes P, Vorobyov I, 2009; Yu et al., 
2012). Further, solvation with TIP3P water model along with 
the neutralization using Na+ and Cl− ions were carried out. 
Systems were equilibrated using NVT [number of particles (N), 
system volume (V) and temperature (T), (canonical) and NPT 
[number of particles (N), system pressure (P) and temperature 
(T), (isobaric-isothermic) ensemble for 100 pico seconds, and the 
final molecular dynamics run for 50 nano seconds was achieved 
for 5O0X-Tanshinone IIA complex. Plots of RMSD (ligand and 
protein), RoG (complex), SASA (complex) and Hydrogen bonds 
were plotted against time in ns along with the RMSF of complex 
against atoms.

NBT Assay

NBT absorbance assay was performed to measure intracellular 
superoxide generation (Whitehouse et al., 2016). PC3 cell line 
was obtained from the NCCS, Pune, India. Cells were pelleted 
and suspended in 1 mL PBS having pH 7.4. In 0.5 mL Eppendorf, 
50 Μl of cell suspension was incubated for 10 min with 20 μL 
of different concentrations (25 μg/mL, 12.5 μg/mL, 6.25 μg/mL, 
3.125 μg/mL and 1.56 μg/mL) of selected phytoconstituents 
prepared in 1% DMSO. 30 μL fMLF (1 mM) was added to activate 
NOX enzyme followed by the addition of 30 μL NBT (1 mg/mL) 
and 30 μL NADPH (200 μg/mL, prepared in PBS having pH 8). 
The reaction tubes were kept at 37ºC for the period of 3 min 
followed by the centrifugation at 13,300 rpm for 2 min at 4ºC 
temperature. Pellet was washed with 100 μL PBS and centrifuged 
at same condition. 100 μL Methanol was added to the reaction 
and centrifuged again at same condition. 50 μL of supernatant 
were taken in 96 well plate and reacted 50 μL KOH (2M) and 
100 μL DMSO (99%). After 5 min of incubation, absorbance 
was measured at 610 nm against the control with no treatment 
and % inhibition of NOX enzyme was calculated at different 
concentrations of all phytoconstituents.

Cytochrome C reductase Assay

PC3 cells were pelleted and suspended in 1 mL PBS having pH 7.4. 
followed by the addition of 30 μL SLS (1%). Cells were centrifuged 
at 13,300 rpm for 5 min at 4ºC temperature and 30 μL supernatant 
was taken into 96 well plate. 20 μL of phytoconstituents having 
concentrations mentioned in NBT assay were added to the well. 
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Further, 30 μL fMLF (1 mM), 50 μL cytochrome C (4 mg/mL) 
and 30 μL NADPH (100 μg/mL) were added and absorbance 
at 550 nm was taken in kinetic mode up to 10 min against the 
well without drug treatment as a control and % reduction of 
cytochrome C was calculated.

RESULTS

Data assortment and processing

Magnani and colleagues used X-ray diffraction to reveal crystal 
structure and atomic model of the dehydrogenase domain of 
NADPH-Oxidase 5 (NOX5) (Magnani et al., 2017). They provided 
a detailed description of the crystal structures for the catalytic 
FAD (flavin adenine dinucleotide) and heme-binding domains 
of NOX5. The complete three-dimensional configuration of 
essential interactions is described among the intracellular loops 
located within NADPH-oxidizing dehydrogenase domain and 
transmembrane domain. The C terminus works as a switch, 
regulating the enzyme's interaction with the NADPH substrate. 
The regulatory signals govern the conformational opening and 
closing of NADPH binding, functioning to activate or deactivate 
the initial stage of the redox reaction cascade. Consequently, we 
selected this design as our primary focus, providing a framework 
for identifying drugs that target NOX5 and interfere with ROS 
signaling

Molecular docking

The prepared PDBQT of 5O0X was used for molecular docking 
with optimized structures of 140 natural compounds. Docking 
was performed on the active site at which grid box was generated. 
Binding energy of all the compounds were observed and 
compounds having energy less than -8.0 Kcal/mol were described 
in the Table 1 along with 2D structures. Apocynin as a reported 
and known NOX inhibitor, observed with binding energy -6.7 
Kcal/mol.

Various interactions were analysed between the phytoconstituents 
and amino acids present in active site (Figures 1 and 2). 
Tanshinone IIa with the highest binding energy (-11.9 Kcal/
mol) found to interact by hydrogen bonding with amino acid 
Thr462. It also formed pi bonds with Trp695 and Phe461 and 
alkyl bonds with Pro460, Tyr 445, Phe447 and Ile538 (Figure 
1A). Similarly, Ellagic acid interacted with Arg478 and Thr462 
through hydrogen bonds, with Ile538 and Pro460 through pi-pi 
interactions and with Phe461 through pi-sigma interaction 
(Figure 1B). Emodin formed hydrogen bonds with Thr462 and 
Arg478, pi bonds with Trp695 and Phe461, along with the alkyl 
bonds with Ile538 and Pro460 (Figure 1C). Three hydrogen 
bonds (Arg478, His476, Thr462), three pi interactions (Tyr445, 
Phe461, Trp695) and one alkyl bond (Pro460) were observed in 

Molecule No. Compound 2D structure Binding 
Energy (Kcal/
mol)

1 Tanshinone IIa

O

O

O -11.9

2 Ellagic acid
O

O

HO

OH

HO OH

O

O
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3 Emodin HO O

O

OH

OHHO

-10.7

4 Quercetin

O
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OH O
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OH
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Table 1: Compounds with binding energy less than -8.0 Kcal/mol and their 2D structures.
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Molecule No. Compound 2D structure Binding 
Energy (Kcal/
mol)
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8 Naringenin
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9 Berberine

O

O
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10 Epigallocatechin

O
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OH
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HO

-8.3

11 Resveratrol

HO

HO

OH

-8.2

12 Apocynin
O

HO

O

-6.7

the case of quercetin (Figure 1D). Apigenin formed hydrogen 

bonds with His459 and Thr462, pi-sigma bond (Phe461), alkyl 

bond (Pro460) and pi bond (Trp695) (Figure 1E). Curcuminoid 

interected through hydrogn bonding with Thr462 and Trp695, 

through pi interactions with Phe461 and Tyr445, through alkyl 

bond with Ile538 (Figure 1F).

Hydrogen bond with Thr462, alkyl bonds with Pro460 and Ile538, 
pi bonds with Phe461 and Trp695 were observed to be formed by 
Plumbagin (Figure 2A). Naringenin was found to form hydrogen 
bond with Arg478, pi bonds with Trp695 and Phe461, along with 
the alkyl bond with Val480 (Figure 2B). Berberine interacted with 
hydrogen bond (His476), pi bonds (Trp695, Phe461) and alkyl 
bonds (Pro460, Tyr445, Ile538, Arg478) as presented in Figure 
2C. Epigallocatechin formed pi bonds with Phe461, Trp695, 
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His459 and donor-donor interactions with Arg478, Thr484 
and Trp483 (Figure 2D). Resveterol was observed interacting 
through hydrogen bond with His476, through alkyl bonds with 
Ile538, Pro460 and via pi bonds with Phe461, Tyr445 and Trp695 
(Figure 2E). Apocynin as a standard NOX inhibitor, interacted 
with His476, Thr462, and Arg478 by hydrogen bonding and with 
Phe461 and Trp695 by pi interactions (Figure 2F).

ADMET Assay

Extracted phytochemicals were gathered and examined for 
various physicochemical characteristics (Table 2) like Molecular 
Mass (MW), Hydrogen Bond Acceptors (HBA), Hydrogen 
Bond Donors (HBD), count of Rotatable Bonds (RB), partition 
coefficient (Log P), Molar Refractivity (MR), topological Polar 

Figure 2: 3D poses and binding interactions of (A) Plumbagin, (B) Naringenin, (C) Berberine, (D) Epigallocatechin, (E) Resveratrol and (F) Apocynin with 
5O0X.

Figure 1: 3D poses and binding interactions of (A) Tanshinone IIa, (B) Ellagic acid, (C) Emodin, (D) Quercetin, (E) Apigenin and (F) Curcuminoid 
with 5O0X.
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Surface Area (tPSA), aqueous solubility (Ali log S) utilizing 
SwissADME and pkCSM. Each of the hits possesses adequate 
physicochemical properties to qualify as a potential drug 
candidate. Epigallocatechin surpasses the HBD atmos threshold. 
This can be managed using innovative and advanced methods in 
formulation development. Therefore, many of the findings could 
potentially become more effective drug molecules based on their 
physical and chemical characteristics seen in computer-based 
analysis.

Subsequently, we examined various criteria for assessing 
drug-likeness such as Rule of five, Veber’s rule, Ghose rule, Egan’s 
rule and Muegge’s rule to verify drug-likeness of hit molecules, 
with the number of parameters breaching each rule illustrated. 
Based on Lipinski's rule, a molecule may be considered a 
promising drug candidate if it meets the criteria of HBD (≤ 
5), HBA (≤ 10), MW (≤ 500 Da), RB (≤ 5) and LogP (≤ 5), 
(Lipinski, 2004; Lipinski et al., 2012). Every compound, excluding 
epigallocatechin, has been recognized as possessing the required 
characteristics to be evaluated as antioxidant medications aimed 

Compounds MWa HBDb HBAc RBd LogPe AliLogSf MRg tPSAh

Tanshinone IIa 294.34 0 3 0 4.24792 -5.04 84.7 47.28
Ellagic acid 302.19 4 8 0 1.3128 -3.66 75.31 141.34
Emodin 270.24 3 5 0 1.8872 -4.37 70.78 94.83
Quercetin 302.24 5 7 1 1.988 -3.91 78.03 131.36
Apigenin 270.24 3 5 1 2.5768 -4.59 73.99 90.9
Curcuminoid 394.38 0 6 8 4.37474 -6.72 113.35 125.78
Plumbagin 188.18 1 3 0 1.7175 -3.07 51.07 54.37
Naringenin 272.25 3 5 1 2.5099 -3.99 71.57 86.99
Berberine 336.36 0 4 2 3.0963 -4.16 94.87 40.8
Epigallocatechin 306.27 6 7 1 1.2517 -2.29 76.36 130.61
Resveratrol 228.24 3 3 2 2.9738 -4.07 67.88 60.69
Apocynin 166.17 1 3 2 1.6034 -1.06 45.15 46.53

aMolecular mass (≤500 Da), bHydrogen bond donors (≤ 5), cHydrogen bond acceptors (≤ 10), dRotational bonds (≤ 10), ePartition coefficient in oil to water (≤ 5), fAque-
ous solubility (≤ 0), gmolar refractivity (≤ 155), and htopological polar surface area (≤ 1502).

Table 2: Physicochemical properties of phytochemicals predicted using SwissADME to evaluate their drug likeliness.

Figure 3:  Hit molecules' boiled egg model created using SwissADME. The regions marked in yellow and lacking color represent the BBB and 
gastrointestinal tract, respectively. The presence of blue circles shows P-glycoprotein inhibition.



Shah and Shah: Identification of Phytochemicals as Selective NOX5 Inhibitors

International Journal of Pharmaceutical Investigation, Vol 16, Issue 1, Jan-Mar, 2026 139

at NOX5. According to Veber's rule, a molecule should have 
a polar surface area lower than 140 Aº2 to exhibit enhanced 
bioavailability orally (Veber et al., 2002). Ellagic acid was 
discovered to breach this regulation. All substances apart from 
ellagic acid met the criteria of oral bioavailability as per the Egan 
rule with the required log P (-1-6) and tPSA (0-132 A2) (Egan et 
al., 2000). Muegge’s rule comprises various parameters including 
lipophilicity (XLOGP3, -2-5), MW (200-600), cyclic rings (≤ 7), 
tPSA (≤ 150), heteroatoms (> 1), carbon atoms (> 4), HBA (≤ 
10), HBD (≤ 5) and RB (≤ 15) (Muegge et al., 2001). Plumbagin, 
Epigallocatechin, and Apocynin were discovered to breach one 
of these principles. Ghose rule gave the optimal criteria of MW 
(160-480 Da), MR (40-130), Log P (-0.4-5.6), and atoms (20-70) 
for suitable candidates as a drug molecule (Ghose et al., 1999) 
and all the identified compounds satisfy these recommended 
characteristics.

We also evaluated Absorption, Distribution, Metabolism, 
Excretion, Toxicity (ADMET) factors such as intestinal 
absorption, CaCO2 cell permeability, free drug fraction, volume 
of distribution (Vd), inhibition of P-glycoprotein substrates, and 
CYP2D6 and CYP3A4 enzymes for hits. All compounds except 
quercetin have satisfied the criteria of CaCO2 cell permeability. 
Every hit showed adequate absorption in the human intestine, 
demonstrating improved oral bioavailability. The majority of 
the successful molecules met the requirements for volume of 
distribution and blocking of P-glycoprotein and CYP3A4 enzyme. 
No compound was obtained that blocks CYP2D6 enzyme.

Moreover, we evaluated the metabolism, elimination, and toxicity 
profiles of phytoconstituents. Most molecules exhibit moderate 
renal clearance, whereas berberine shows high clearance and 
naringenin shows low clearance. Berberine was identified as a 
substrate for the transporter responsible for the renal uptake in the 
OCT2 (proximal convoluted tubule). All identified compounds 
were found to be safe after assessment for cytotoxicity (hERG cell 
line), hepatotoxicity (except for curcuminoid), dermal toxicity 
(skin sensitization), and predictions for oral rat acute and oral 
rat chronic toxicity (LD50, LOAEL respectively). Consequently, 
selected compounds might be utilized as potent drugs for 
targeting NOX5 as antioxidants in the future

We employed the BOILED-Egg method to predict the 
permeability of molecules through the Blood-Brain Barrier (BBB) 
and Gastrointestinal (GI) tract (Daina et al., 2016). The boiled 
egg model showed that the selected compounds had adequate 
absorption in GI and also inhibited the P-glycoprotein, a protein 
that plays a role in drug efflux from cells and BBB permeability 
(Figure 3).

MD Simulations

Molecular Dynamics (MD) simulations help to improve our 
understanding of the stability of phytoconstituents post binding 
with enzymes by analyzing various statistical parameters (Ghose 

et al., 1999). Following a comparable method, the successful 
element Tanshinone IIa, derived from docking score assessment, 
was put through MD simulations with GROMACS 2020.1 at 
different time points, reaching up to 50 ns.

The Tanshinone IIa-5O0X complex was subjected to MD 
simulation, and Figure 4 shows the graphical depiction of 
statistical parameter plots. The compound showed a Root Mean 
Square Deviation (RMSD) between 0.087-0.570 nm for the ligand 
and 0.0849-0.395 nm for the protein, averaging at 0.246 nm and 
0.327 nm respectively (Figure 4A and 4B). This suggests a stable 
compound with minimal deviation at the active site. The RMSF 
value of this compound was found to be below 0.5 nm, suggesting 
minimal fluctuation of the ligand (Figure 4C). The RoG plot 
between 1.919-1.996 nm, having an average of 1.953 nm (Figure 
4D), illustrates the compactness. The water molecules present in 
the active site of protein were able to reach a surface area ranging 
from 140.491-150.906 nm2, having average of 146.384 nm2 
being observed (Figure 4E). The graph showing the number of 
hydrogen bonds formed over time indicates that Tanshinone IIa 
formed a maximum of three hydrogen bonds with 5O0X within 
50 ns, while one hydrogen bond was constantly observed during 
entire period of 50 ns described in the Figure 4F.

NBT Assay

In vitro analysis was conducted on PC3 cell line to assess the NOX 
inhibitory activity of selected phytoconstituents via NBT assay. 
NOX inhibitory activity in terms of IC50 concentrations (nM) of 
selected molecules have been reported in Table 3.

Tanshinone IIa, Emodin, Quercetin, Curcuminoids, Plumbagin, 
Berberine, Epigallocatechin, and Resveratrol have been shown to 
have an IC50 value between 1-190 nM, demonstrating a strong 
inhibitory effect at low concentrations. Although Naringenin 
has an IC50 of 2 µM, a greater concentration is needed compared 
to other molecules to achieve the same level of inhibition. 
Regrettably, the lack of dose-dependent effect made it impossible 
to detect inhibition by Apocynin and Apigenin.

Cytochrome C Reductase Assay

In this assay, Tanshinone IIa, Quercetin, Curcuminoids, Berberine 
and Resveratrol showed IC50 values ranging from 13-538 nM, 
demonstrating effective NOX inhibition. Other molecules did not 
exhibit inhibition dependent on the dose (Table 4). Additionally, 
ellagic acid was eliminated from the in vitro study due to its poor 
solubility.

DISCUSSION

The results underscore the promise of phytoconstituents as 
inhibitors of NOX5. Of the compounds evaluated, Tanshinone IIa 
showed the strongest binding affinity and stability throughout MD 
simulations. Quercetin, Curcuminoids, and Resveratrol showed 
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encouraging pharmacokinetic and inhibitory characteristics as 
well.

The in silico findings correlated effectively with the in vitro 
tests, as the leading compounds significantly decreased ROS 
production through NOX5 inhibition. The ADMET evaluation 
also reinforced their drug-like properties, suggesting effective 
absorption and metabolic stability.

Although the majority of compounds conformed to drug-likeness 
standards, a few showed restrictions. The significant number of 
hydrogen bond donors in Epigallocatechin might influence its 
permeability, while the elevated topological polar surface area 
of Ellagic acid may affect its oral bioavailability. Nonetheless, 
these constraints could be alleviated by employing formulation 
strategies.

Table 3:  Obtained IC50 (nM) values of selected phytoconstituents in NBT 
assay.

Phytoconstituents IC50 (nM)
Tanshinone IIa 3.885
Emodin 24.655
Quercetin 1.059
Curcuminoids 173.452
Plumbagin 8.897
Naringenin 2017.920
Berberine 189.541
Epigallocatechin 3.943
Resveratrol 18.632
Apocynin not detectable*
Apigenin not detectable*

* % inhibition of NOX enzyme increased as the doses of the drugs decreased. 
Hence, IC50 value could not be determined.

Table 4: Obtained IC50 (nM) values of selected phytoconstituents in 
Cytochrome C Reductase assay.

Phytoconstituents IC50 (nM)
Tanshinone IIa 141.977
Quercetin 261.607
Curcuminoids 113.052
Berberine 537.810
Resveratrol 13.724
Apocynin 89.792
Emodin not detectable*
Apigenin not detectable*
Plumbagin not detectable*
Naringenin not detectable*
Epigallocatechin not detectable*

* % inhibition of NOX enzyme increased as the doses of the drugs decreased. 
Hence, IC50 value could not be determined.

Figure 4:  The graphs of (A) RMSD-Tanshinone IIa, (B) RMSD-protein, (C) RMSF-Tanshinone IIa, (D) RoG, (E) SASA, (F) hydrogen bonds for the 
5O0X-Tanshinone IIa complex.
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In summary, this research indicates that certain phytoconstituents, 
especially Tanshinone IIa, may serve as NOX5 inhibitors for 
future drug development and therapeutic uses.

CONCLUSION

According to in silico and in vitro research, Tanshinone IIa, 
Quercetin, Curcuminoids, Berberine, and Resveratrol have shown 
effective NOX inhibitory levels and favourable pharmacokinetic 
profiles and drug-likeliness. Therefore, they could serve as 
promising herbal drug candidates as inhibitors of NOX5, which 
should be incorporated for further studies in future.

ABBREVIATIONS

ADMET: Absorption, Distribution, Metabolism, Excretion, 
and Toxicity; BBB: Blood-Brain Barrier; CGenFF: CHARMM 
General Force Field; CHARMM: Chemistry at Harvard 
Macromolecular Mechanics; DMSO: Dimethyl Sulfoxide; 
DUOX: Dual Oxidase; FAD: Flavin Adenine Dinucleotide; HBA: 
Hydrogen Bond Acceptors; HBD: Hydrogen Bond Donors; 
LogP: Partition Coefficient (Oil to Water); LOAEL: Lowest 
Observed Adverse Effect Level; MD: Molecular Dynamics; 
MW: Molecular Weight; NBT: Nitroblue Tetrazolium; NADPH: 
Nicotinamide Adenine Dinucleotide Phosphate; NOX: NADPH 
Oxidases; PC3: Prostate Cancer Cell Line 3; PDB: Protein Data 
Bank; P-gp: P-glycoprotein; PK: Pharmacokinetics; RMSD: Root 
Mean Square Deviation; RMSF: Root Mean Square Fluctuation; 
RB: Rotational Bonds; RoG: Radius of Gyration; ROS: Reactive 
Oxygen Species; SASA: Solvent Accessible Surface Area; tPSA: 
Topological Polar Surface Area; VDss: Volume of Distribution at 
Steady State.
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