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ABSTRACT

Objective: The study aimed to evaluate the multiple target effect of phytochemicals of mushroom
against breast cancer using molecular docking and dynamics approach.

Material and Method: In this study, the binding affinity of forty mushroom phytochemicals with
various breast cancer proteins such as epidermal growth factor receptor (EGFR), human epidermal
growth factor receptor 2 (HER2), topoisomerase Ilo. and topoisomerase 11 were investigated by
docking study using the PyRx tool. The selected receptors are highly cancer influencing and they
were selected based on literature. Further molecular dynamics studies were also carried out to
confirm the stability and conformation of the naringin-protein complex. In-silico ADMET studies
were also carried out to confirm the pharmacokinetic properties and toxicity of the mushroom
phytochemicals.

Result and Discussion: From the results obtained, colossolactone G, antcin-A, and formipinioside
had higher affinity to EGFR than normal neratinib. Furthermore, fomitoside K, naringin and antcin-
A were found to have higher binding affinity than neratinib with HER2. Besides, ergone, naringin,
and ergosterol showed higher binding affinity than doxorubicin during interactions with
topoisomerase Ilo. On the other hand, antrocin, ergosterol peroxide and naringin demonstrated
higher binding affinity against topoisomerase IIf than doxorubicin. Further molecular dynamics
studies were also carried out to confirm the stability and conformation of the naringin-protein
complex which revealed the best binding score against all the four tested enzymes. Overall, this
study suggests naringin as the best ligand and may have great potential in breast cancer protein
inhibitors development. To demonstrate their therapeutic promise against breast cancer, more in
vitro and in vivo research might be required.

Keywords: Breast cancer, molecular docking, molecular dynamics, mushroom, naringin

* Corresponding Author / Sorumlu Yazar: Ravichandran Veerasamy
e-mail / e-posta: phravi75@rediffmail.com, Phone / Tel.: +044298000/1278

Submitted / Gonderilme :09.07.2024
Accepted / Kabul : 30.09.2024
Published / Yayilanma : 20.01.2025


https://orcid.org/0000-0001-9903-8890
https://orcid.org/0000-0002-6367-1093
https://orcid.org/0000-0003-2008-2827
https://orcid.org/0000-0002-0779-4750
https://orcid.org/0000-0001-6511-0428

22 Veerasamy et al. J. Fac. Pharm. Ankara, 49(1): 21-41, 2025

(074

Amac: Calisma, mantar fitokimyasallarinin meme kanserine karsi ¢oklu hedef etkisini molekiiler
yerlestirme ve dinamik yaklasimi kullanarak degerlendirmeyi amagladh.

Gereg ve Yontem: Bu ¢alismada PyRx aracini kullanarak kirk mantar fitokimyasalinin epidermal
biiyiime faktorii reseptorii (EGFR), insan epidermal biiyiime faktérii reseptorii 2 (HER2),
topoizomeraz Ila ve topoizomeraz IIf gibi ¢esitli meme kanseri proteinlerine baglanma afinitesi
docking c¢alismaswyla aragtirildi. Segilen reseptorler yiiksek oranda kansere etki etmektedir ve
literatiire dayamilarak se¢ilmistir. Naringin-protein kompleksinin stabilitesini ve konformasyonunu
dogrulamak icin daha ileri molekiiler dinamik ¢alismalar da yapildi. Mantar fitokimyasallarinin
farmakokinetik ozelliklerini ve toksisitesini dogrulamak igin in-silico ADMET ¢alismalari da
yapildi.

Sonu¢ ve Tartisma: Elde edilen sonuglara gore kolossolakton G, antcin-A ve formipiniosidin
EGFR'ye afinitesi normal neratinib'e gore daha yiiksekti. Ayrica fomitosid K, naringin ve antcin-
A'min HER? ile neratinibden daha yiiksek baglanma afinitesine sahip oldugu bulunmugstur. Ayrica
ergon, naringin ve ergosterol, topoizomeraz Ilo ile etkilesimler sirasinda doksorubisinden daha
yiiksek baglanma afinitesi gostermistir. Ote yandan antrosin, ergosterol peroksit ve naringin
topoizomeraz 1If'va karsi doksorubisinden daha yiiksek baglanma afinitesi gostermistir. Test edilen
dort enzimin tiimiine karsi en iyi baglanma skorunu ortaya koyan naringin-protein kompleksinin
stabilitesini ve konformasyonunu dogrulamak icin daha ileri molekiiler dinamik ¢alismalar da
yapudi. Genel olarak bu calisma, naringinin en iyi ligand oldugunu ve meme kanseri protein
inhibitorlerinin gelistirilmesinde biiyiik potansiyele sahip olabilecegini one siiriiyor. Meme
kanserine karsi tedavi vaatlerini gostermek icin daha fazla in vitro ve in vivo arastirmaya ihtiyag
duyulabilir.

Anahtar Kelimeler: Mantar, meme kanseri, molekiiler dinamik, molekiiler kenetlenme, naringin

INTRODUCTION

Female breast cancer surpassed lung cancer as the major cause of global cancer incidence. Breast
cancer (BC) accounts for 11.7% of all cancer cases and contributes to 685.000 deaths worldwide, making
it the fifth highest cause of cancer mortality. Although geo-graphical variances occur between countries,
BC remains the top cause of death in women aged 20 to 50 years [1]. Beside BC is the most common
cancer in women around the world, and it is curable in 70-80% of patients with early-stage, non-
metastatic cancer. Although the prevalence of BC is higher in developing countries, the rates of BC are
escalating in almost every nation around the globe [2].

BC is widely recognized as a highly heterogeneous cancer type [3], encompassing distinct
phenotypic and morphological profiles, resulting in highly distinctive clinical behaviors [4]. Clinically,
BC is categorized into three basic types based on histological classification. They are hormone receptor
positive, HER2 positive (HER2+), and triple negative BCs. Among the crucial hallmarks of cancer,
angiogenesis plays a significant role particularly in BC. Vascular endothelial growth factor (VEGF)
holds the title of the most potent stimulator of angiogenesis [5]. Topoisomerase Il exists in mammalian
cells in two closely related isoforms: topoisomerase Ila (170 kDa form) and isoforms: topoisomerase
1IB (180 kDa form). Breast cancer cells exhibit increased isoforms: topoisomerase Ila. expression. So,
isoforms: topoisomerase |1 inhibitors could exert anti-tumor effects on breast cancer [6-9].

For the past few decades, phytoconstituents of natural products have been extensively used for
the treatment of cancer with high efficacy and minimal side effects [10]. Generally, traditional
knowledge has led researchers to screen activity in plants, animals, and mushrooms for drug discovery
from natural products. However, increasing numbers of scientists are interested in less expensive and
time-consuming approaches of identifying potential compounds for specific targets, such as in-silico
screening of previously reported substances [11-14].

Mushrooms are a valuable natural source of both food and medicine. Polysaccharides, proteins,
lipids, phenols, tocopherols, alkaloids, flavonoids, carotenoids, ash, folic acid, essential oils, ascorbate
enzymes, glycosides, and organic acids are some of the bio-active chemicals found in fungi which have
demonstrated a wide range of pharmacological activity. Furthermore, krestin, calcaelin, hispolone,
ganocidin, lectin, illudin S, hericium erinaceus polysaccharides A and B (HPA and HPB), lentinan,
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schizophyllan, psilocybin, laccase, and a wide range of active compounds in mushrooms have exhibited
anticancer potential [15]. Mushroom extracts and mushroom bioactive compounds have also been
reported for activities, such as anticancer, antioxidative, antibacterial, antiviral, anti-inflammatory and
other effects [16-20]. Besides, edible mushrooms have been used in cancer treatment, as an adjunct to
conventional treatment or as a means of combating the side effects of cancer treatment. Extracts and
substances isolated from fungi exhibited multiple mechanisms of anticancer activity; for example, they
are reported to exert their effects by inhibiting kinases and the cell cycle or inhibiting angiogenesis and
inducing reactive oxygen species, antimitotic agents, or topoisomerase inhibitor’s function, ultimately
stimulating apoptosis in cancer cells. Moreover, mushroom consumption reduces breast cancer risk and
thus prevents ER+/PR+ tumors in breast cancer patients [17,21].

Although there are conventional cancer treatments such as surgery, radiotherapy and
chemotherapy, their side effects can cause serious harm and suffering to patients. Nowadays patients
give great importance to the quality of life and opt for natural products which exhibit minimal side
effects as a treatment option. Mushrooms are natural resources with minimally toxic bioactive
components and have various useful biological activities. Mushroom species are the most effective
natural remedies against various cancers. However, 90% of mushroom species have never been studied
for their antitumor effects. In addition, cancer-associated fungi studies have been performed that only
involve the characterization of non-specific cytotoxic or cytostatic effects on cancer cells [11,16,22].
Therefore, compounds derived from mushrooms are of great interest for the development of anti-cancer
drugs. Molecular docking studies of mushroom phytochemicals against various targets implicated in
breast cancer development will determine the likelihood and mechanism of these compounds as
potential breast cancer treatments.

This study aimed to study the molecular interaction between mushroom phytochemicals and
breast cancer proteins through molecular docking and hypothesized that fungal phytochemicals might
exert their inhibitory effect on breast cancer by interacting with breast cancer proteins. In this molecular
docking study, naringin was found to be the best ligand to inhibit breast cancer proteins.

MATERIAL AND METHOD

The structure of chemical compounds derived from mushroom and proteins (Breast Cancer) were
collected from online databases like PubChem and Protein Data Bank, respectively. The modeling
software Chem. Office-16 (www.cambridgesoft.com/Ensemble_for_Chemistry/details/
Default.aspx?fid=16), Discovery Studio Client 2021 (https://discover.3ds.com/discovery-studio-
visualizer-download), Swiss Protein Data Base Viewer (https://spdbv.vital-it.ch/), PyRx
(https://pyrx.sourceforge.io/), were used in the present research study.

Preparation of Phytochemicals of Mushroom

The structure of the phytochemicals of mushroom were downloaded from PubChem and checked.
The selected structures were subjected for energy / geometry optimization by using MM2 force field
techniques in Chem3D tool of Chem. Office 16. Then charges were added and then saved as ‘.sdf* file
for further use.

Preparation of Protein (Breast Cancer)

The X-ray crystallographic structure of proteins of breast cancer EGFR, HER2, topoisomerase
ITo and topoisomerase I were downloaded from Protein Data Bank (PDB) (http://www.rcsh.org). The
downloaded EGFR, HER2, topoisomerase ITo and topoisomerase IIf are non-mutated with resolutions
of 2.60 A, 3.21 A, 2.90 A, and 2.55 A, respectively. The structures of proteins were checked for any
missed atoms using Swiss Protein Data Base Viewer and fixed. The information about the active site of
the proteins (XYZ coordinates) were retrieved from PDB and gathered from related published articles,
as well as determined by using Discover Studio Client 2021. Then water and other hetero atoms were
removed from the structure of protein by using the tools available in Discovery Studio Client 2021 with
default setting. Hydrogen atoms were added to the proteins and saved as in “.pdb’ format.
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Docking Studies

The Virtual Screening software interface PyRx (AutoDock Vina docking mechanism) was used
to upload selected chemical compounds and protein structures. Before docking, the protein molecules
were transformed to macromolecules. Then, using PyRx's relevant tools, both chemical compounds and
protein structures were converted into '.pdbqgt' format, which automatically minimized energy and
incorporated charges to both micro and macromolecules. The active binding site grid box was created
by utilizing the capabilities offered in PyRx. The docking was then done in PyRx with the AutoDock
Vina utility. The docking or binding affinity scores with different conformers of the chemical compound
were displayed by the software once the docking studies were completed. The docking output files were
then downloaded as ‘.csv’ files. The chemical compounds with the lowest energy conformers were
chosen and examined for interaction with amino acids of protein utilizing Discovery Studio Client 2021.
To observe the binding interactions between ligand and target, representations of the docking pose and
interactions were obtained and preserved [23-25]. After docking was completed, the optimal conformer
was chosen based on docking affinity and better bond interaction, and the interaction mechanism was
explained.

Molecular Dynamic Simulation

MD simulations were performed for EGFR, HER2, Topoisomerase Ilo. and Topoisomerase 113
separately and with naringin by using online web server WebGro (https://simlab.uams.edu/) with
GROMACS to perform the calculations [26-28]. The input parameters for this study were force field
GROMACS9643a, box type triclinic, water model SPC, temperature 300 K, and salt type NaCl. Pressure
(1bar), number of frames per simulation (1000), and simulation time (100 ns) were employed as
equilibration and MD run parameters. To create the topology of melianone, the internet server
GlycoBioChem PRO-DRG2 was utilized [29]. According to the information available, the docked
molecules' data were put into the PRODRG2 server to generate the zip file. The following trajectories
are provided by MD simulation: root mean square deviation (RMSD), root mean square fluctuation
(RMSF), radius of gyration (Rg), and hydrogen bonds (HBs).

In-Silico ADME and Toxicity Studies

SWISS ADME and ProTox-Il online tools were used to estimate the ADME characteristics and
toxicity of mushroom phytocompounds.

RESULT AND DISCUSSION

Forty phytochemicals from mushrooms were chosen as ligands and their interactions on the
proteins involved in breast cancer were studied by molecular docking techniques in the present work.
The forty phytochemicals of mushrooms were chosen from the work reported by Rangsinth et al. (2021)
[30]. When these phytochemicals from mushrooms were employed for in-silico screening of inhibition
against SARS-CoV-2, they found that all the compounds had affinity towards the main protease of
SARS-CoV-2. Suwannarach et al. (2020) also reviewed the antiviral activity of phytochemicals from
mushrooms [31]. As a result, we selected to screen these phytochemicals against several breast cancer
targets to find a few compounds that were both anti-breast cancer and anti-SARS-CoV-2. The targeted
proteins, EGFR (PDB ID: 1M17), HER2 (PDB ID: 3RCD), topoisomerase Ila (PDB ID: 4FM9) and
topoisomerase [If (PDB ID: 4G0V) were used. The binding affinities of mushroom phytochemical
compounds against breast cancer target proteins were compared with NRT and DOX.

Nuclear enzymes called DNA topoisomerases catalyze the addition of topological modifications
to the DNA molecule. Type Il topoisomerase, known as human topoisomerase Il, has been demonstrated
to be a useful target in the treatment of a variety of malignancies. Topoisomerase Ilo and topoisomerase
IIB are the two isoforms of this enzyme that are present in human cells. Topoisomerase IIf expression
is uniformly distributed across all cells and serves as a biomarker for cell proliferation, but
topoisomerase Ila is overexpressed in proliferating cells. As a result, topoisomerase Ila is thought to be
responsible for topoisomerase Il inhibitors' anticancer effects [32].
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NRT was selected as a standard drug in the present study to compare with tested phytocompounds
since it has been proven effective in vitro and in vivo against HER2-overexpressing or mutant cancers.
The EGFR (or HER1), HER2 and HER4 tyrosine kinase activity is bound and inhibited by NRT, an
irreversible tyrosine kinase inhibitor, which results in decreased phosphorylation and activation of
downstream signaling pathways [33].

The frequency of hydrogen bonds forming between the ligand protein complex was related to the
intensity of the inhibitors' interactions with the receptors. The outcome revealed a relationship between
the hydrogen bonds, hydrophobic bonds, and electrostatic bonds present in the compounds under study
and the score, which represented the binding affinity of the compounds reported as binding free energy
in kcal/mol [34].

Docking

The docking studies of phytocompounds of mushroom [30], neratinib (NRT) and doxorubicin
(DOX) (Table 1) were carried out against EGFR, HER2, topoisomerase Ila and topoisomerase IIf§
(Figure 1) of BC. The dimensions of the grid boxes of BC proteins are shown in Table 2, and Table 1
lists the binding affinities of phytocompounds against the proteins. Amino acids of proteins interacted
with NRT, DOX and phytocompounds of mushroom are given in Table 3. NRT was selected as a
standard drug in the present study to compare with tested phytocompounds against EGFR and HERZ2,
since it has been proven effective in vitro and in vivo against HER2-overexpressing or mutant cancers.
DOX was selected as standard for docking against topoisomerase Ila and topoisomerase I1f since it has
been proven effective in vitro and in vivo against topoisomerase Ila and topoisomerase IIp in cancers.

A B C D

Figure 1. The PDB downloaded structure of A) EGFR (PDB ID: 1M17), B) HER2 (PDB ID: 3RCD),
C) topoisomerase ITo. (PDB ID: 4FM9), D) topoisomerase II (PDB ID: 4G0V)
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Table 1. Binding affinity among the 40 phytocompounds of mushroom and neratinib towards different
breast cancer target proteins [34]

Binding affinity (kcal/mol)
EGFR (PDB | HER2 (PDB | Topoisomerase Ila | Topoisomerase IIf3
Name of compounds ID: 1IM17) | ID: 3RCD) | (PDB ID: 4FM9) | (PDB ID: 4GOV)
1 [23,6,23-Tetrahydroxy-urs-12- 8.4 85 81 53
en-28-oic acid

2 |Antcin-A -9.4 -9.9 -8.8 -5.5
3 |Antrocin -6.6 -1.7 -7.9 -6.0
4 |Antroquinonol -6.6 -8.5 -7.5 -4.3
5 |Beta-D-glucan -1.7 -1.4 -6.9 -4.3
6 |Colossolactone G -9.7 -9.7 -9.2 -5.3
7 |Cordycepin -7.0 -1.4 -7.3 -4.7
8 |Ellagic acid -9.0 -7.9 -9.3 -5.0
9 |Ergone -9.3 -9.6 -9.6 -5.1
10 |Ergosterol peroxide -9.1 -9.6 -9.4 -5.8
11 |Ergosterol -8.8 -9.6 -8.7 -5.4
12 |Fomitoside K -9.1 -9.9 -8.4 -4.7
13 |Formipinioside -9.2 -8.7 -7.8 -4.6
14 |Gallic acid -5.7 -6.1 -6.4 -4.6
15 |Ganoderic acid F -9.1 -9.5 -8.7 -5.4
16 |Ganoderiol A -8.7 -8.8 -8.1 -5.1
17 |Ganodermanontriol -8.9 -9.0 -8.4 -5.0
18 |Ganomycin B -8.0 -9.4 -71.6 -4.7
19 |Grifolin -6.9 -8.4 -7.4 -4.1
20 |Hispidin -7.6 -1.7 -7.8 -5.0
21 |Hispolon -6.6 -6.7 -6.9 -4.7
22 |Ibotenic acid -5.4 -5.9 -6.3 -4.5
23 |llludin S -6.8 -6.4 -7.8 -5.5
24 |Inonotic acid A -6.9 -7.4 -7.3 -4.7
25 |L-Theanine -5.0 -5.2 -5.6 -4.4
26 |Lucialdehyde A -8.7 -9.1 -8.3 -4.8
27 |Lucialdehyde B -8.9 -9.0 -8.8 -5.3
28 |Lucialdehyde C -8.8 -9.0 -8.2 -5.3
29 |Lucidadiol -8.5 -8.8 -8.5 -5.1
30 |Lucidenic acid A -8.3 -8.9 -8.4 -4.9
31 |Lucidenic acid C -8.6 -8.3 -7.9 -5.5
32 |Lucidenic acid D -7.8 -9.0 -8.5 -4.9
33 |Lucidenic acid E -8.1 -8.9 -8.0 -4.9
34 |Lucidenic acid N -8.1 -8.5 -8.2 -4.7
35 |Lucidumol B -8.6 -9.0 -8.2 -5.3
36 |Lupeol -8.9 -9.1 -9.5 -5.2
37 |Naringin -9.1 -9.9 -9.5 -5.7
38 |Panepoxydone -6.1 -6.6 -7.3 -4.7
39 |Psilocybine -6.2 -6.1 -6.9 -4.5
40 |Vulpinic acid -8.0 -8.5 -7.4 -4.7
41 INRT -8.2 -9.4 -- -

42 DOX - - -8.8 -5.1

The bolded numbers indicate the better binding affinity score for the protein. Naringin was selected to proceed with the MD
simulations, as explained later. NRT — Neratinib, DOX- Doxorubicin
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Figure 2. A) Docking pose of NRT on hydrogen bonding surface of EGFR, B) 2D interaction of NRT
with EGFR, C) Docking pose of naringin on hydrogen bonding surface of EGFR, D) 2D interaction of
naringin with EGFR, E) Docking pose of NRT on hydrogen bonding surface of HER2, F) 2D
interaction of NRT with HER2, G) Docking pose of naringin on hydrogen bonding surface of HER2,

H) 2D interaction of naringin with HER2. NRT - Neratinib
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The docking pose and 2D interaction diagram of NRT and naringin with EGFR are shown in
Figure 2A-2D, with HER2 are shown in Figure 2E-2H, with topoisomerase Ila are shown in Figure 3A-
3D and with topoisomerase IIp are shown in Figure 3E-3H, respectively. From the results of the current
docking studies, it was found that colossolactone G, antcin-A, ergone, ergosterol peroxide,
formipinioside, fomitoside K, ganoderic acid F and naringin had better finding affinity towards EGFR
than NRT. Meanwhile colossolactone G, antcin-A, ergone, ergosterol peroxide, ergosterol, fomitoside
K, ganoderic acid F and naringin showed better finding affinity towards HER2 than NRT. However,
colossolactone G, ergone, ergosterol peroxide, lupeol and naringin exhibited better affinity towards
topoisomerase Ila than NRT. Further antrocin, ergosterol peroxide and naringin shown better finding
affinity towards topoisomerase IIp than NRT.

Based on the results, the binding affinity between NRT and EGFR (PDB ID: 1M17, Figure 1A)
was -8.2 kcal/mol (Table 1). The compounds with high binding affinity were colossolactone G, antcin-
A, formipinioside and naringin than NRT with -9.7 kcal/mol, -9.4 kcal/mol, -9.2 kcal/mol and -9.1
kcal/mol, respectively (Table 1). All these compounds and NRT interacted with EGFR with various
hydrogen bonding and hydrophobic bonding (Table 3).

NRT interacted with EGFR by forming a strong conventional hydrogen bond with Met769 as a
hydrogen donor with distance of 2.36A. It also established hydrophobic bonds such as m-sigma
interaction with Val702 and Phe699 with 3.67A and 3.62A distance respectively, as well as m-alkyl
interaction with Leu694 with distance of 4.95A. Where Phe699 acts as m-orbitals, while Leu694 is alkyl.
The amino acids that were involved in van der Waals interactions were Asp 831, Lys721, Gly695,
Ser696, Gly697, Cys773, Gly772, Phe771, Asp776, His781, Pro770, Glu780, Tyr777, Leu768, Leu820
and Ala719 (Table 3, Figure 2A and B).

When colossolactone G was docked with EGFR, it formed strong conventional hydrogen bond
with Thr830 with bond length 2.29A which was stronger than two conventional hydrogen bonds formed
by antcin-A with EGFR through Thr830 with distance of 2.35A and 2.83A. However, the conventional
hydrogen bond with 2.43A distance formed by colossolactone G with Asp831 was slightly greater than
conventional hydrogen bond formed by formipinioside with Asp831 (2.42A). Other than that,
colossolactone G formed a carbon hydrogen bond with Gly772 which acts as hydrogen donor with 3.63A
distance. After docking of formipinioside to EGFR, it formed strong conventional hydrogen bond at
Lys721 with distance of 2.85A and 2.24A. Formipinioside also formed hydrophobic bonding such as
alkyl interaction with Leu694 which is an alkyl with 4.20A and 4.59A distance.

Meanwhile, naringin formed two conventional hydrogen bond interaction with Met769 and
Arg817 of EGFR with bond length of 1.97A and 2.37 A (Table 1). The amino acids Leu694, Val702,
Lys721, and Leu820 were hydrophobically interacted with EGFR. Amino acids Phe699, Ala719,
Glu738, Met742, Leu764, Thr766, GIn767, Leu768, Gly772, Cys773, Asp831, Asn818 interacted with
EGFR through van der Waals interactions (Table 3, Figure 2C and D). Even though naringin had a bit
low binding affinity than colossolactone G, antcin-A, and formipinioside, it had two strong hydrogen
bonds formation with EGFR compared to the earlier said three compounds. Moreover, naringin had a
strong hydrogen bond with Met769 and hydrophobic interaction with Leu694 and Val702 as same as
the standard drug NRT.

In addition, according to the results the binding affinity between NRT and HER2 (PDB ID: 3RCD,
Figure 1B) was -9.4 kcal/mol, while the compounds of mushroom: fomitoside K, naringin and antcin-A
showed better binding affinity of -9.9 kcal/mol (Table 1). Hence, these compounds were selected to
compare with NRT. NRT (Figure 2E and F) and the selected compounds interacted with HER2 through
various bonding interactions including hydrogen bonding and hydrophobic bonding. However, only
naringin had electrostatic bonding with HER2 (Figure 2G and H).

In the case of the interaction of NRT with HER2, NRT formed strong conventional hydrogen
bond with Met801 with 2.10A distance and Asp863 with a distance of 2.42A. It was also confirmed that
a carbon hydrogen bond with Asp845 with 3.79A distance. All these amino acids are hydrogen
acceptors, except Met801 which is a hydrogen donor. Other than that, 10 hydrophaobic bonds were found
between the interactions of NRT and HER2 (Figure 2E and F). First, z-sigma interaction with distance
of 3.66A at Val734. The amino acids that are involved in alkyl interaction were Ala751 (4.38A), Lys753
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(4.25A,4.63A), Leu796 (5.42A, 4.95A), Leu755 (4.85A). Lastly, n-alkyl interactions were observed at
Leu726, Ala751 and Lys753 with bond length of 5.50A, 5.21A and 4.63A.

In comparison of the hydrogen bonding among NRT and selected phytochemicals, naringin
formed a greater number of hydrogen bonds with HER2. Although naringin formed weaker conventional
hydrogen bond with Met801 with bond length of 2.37A than NRT (2.10 A), it showed shorter bond
length at Asp863 (2.23A) when compared to NRT (2.42A) and antcin-A (2.62A, 2.17A). The major
difference is that naringin formed an electrostatic bond, m-anion, with Asp863 with bond length of 4.54A
(Figure 2G and H). However, based on the 2D interaction diagram of fomitoside K with HER2, one
unfavorable bond between amino acid Asp863 and fomitoside K was observed.

Hydrophobic interactions, m-alkyl interactions, between naringin and HER2 were observed at
amino acid residues, those are similar as involved in interaction with NRT, Ala751 with bond length
5.25A and Lys753 with bond length of 4.78A and 5.48A (Figure 2G and H). When antcin-A docked
with HER2, three alkyl interactions were observed at Val734, Ala751 and Leu852 with distance of
4.61A, 4.65A and 4.85A, respectively. Alkyl interaction with amino acid Ala751 was observed in NRT.
For fomitoside K, strong conventional hydrogen bonds were observed with Glu770 with bond length of
2.68A and Gly865 with distance of 2.14A, and both Glu770 and Gly865 act as hydrogen donor. There
was also an alkyl interaction with Leu785 at bond length of 4.70A and n-alky! interaction with Phe864
at 5.04A distance. Nevertheless, it does not have any similarity in interactions with HER2 as NRT and
the other selected compounds.

Based on the results, the binding affinity between DOX and topoisomerase Ila (PDB ID: 4FM9,
Figure 1C) was -8.8 kcal/mol, while three compounds of mushroom: ergone, naringin and ergosterol
peroxide were showed better binding affinity than NRT with -9.6 kcal/mol, -9.5 kcal/mol and -9.4
kcal/mol, respectively (Table 1). Ergosterol peroxide was chosen instead of lupeol with binding affinity
-9.5 kcal/mol since lupeol had lack of hydrogen bond in the docking result. The three selected
compounds and DOX interacted with topoisomerase Ila through various bonding interactions including
hydrogen bonding and hydrophobic bonding (Figure 3A, B, C and D). However, electrostatic interaction
was observed only between naringin and topoisomerase Ila.

DOX formed three conventional hydrogen bonds with Arg727 with distances of 2.15, 2.18 and
3.03 A as well as another conventional hydrogen bond with Arg673 (2.26A) when docked with
topoisomerase ITa (Figure 3A and B). Both Arg727 and Arg673 are acted as hydrogen donors. Glu712
as hydrogen donor formed a carbon-hydrogen bond with DOX. There were three nt-cationic interactions
between DOX with Arg672 (4.08 and 3.98 A) and Lys676 (4.72 A), and two m-anionic interactions
between DOX with Glu712 (4.23 and 4.86 A). Hydrophobic bonding such as alkyl interaction with
Leu829 and Val836 with distance of 4.42A and 4.75A, as well as m-alkyl interaction with Arg672
(5.04A) and Lys676 (4.54A) were observed. In this case both amino acids act as alkyls (Figure 3A and
B).

For ergone, it formed strong conventional hydrogen bond with GIn542 with Lys550 with bond
length of 2.64A and distance of 2.33A which was shorter than the conventional hydrogen bond created
between ergosterol peroxide and topoisomerase Ila. Both amino acids act as hydrogen donors. In the
case of the docking of naringin with topoisomerase Ila, naringin formed strong conventional hydrogen
bond with GIn544 (2.19A), Arg672 (2.03A), Leu685 (2.98A) and Asp671 (2.34A) as well as carbon
hydrogen bond with Pro593 (3.24A). Other than that, naringin also formed m-cation interaction with
Arg675 (3.88A) which was not seen in other compounds (Figure 3C and D).

According to the data obtained, the binding affinity between DOX and topoisomerase I (PDB
ID: 4G0V, Figure 1D) was -5.1 kcashowede the compounds of mushroom; antrocin, ergosterol peroxide
and naringin were showed better binding affinity than NRT, which was -6.0 kcal/mol, -5.8 kcal/mol and
-5.7 kcal/mol (Table 1). All these three compounds and DOX interacted with topoisomerase 11 with
various bonding interactions including hydrogen bonding and hydrophobic bonding, however naringin
is only involved in hydrogen bonding.
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During the interaction of DOX with topoisomerase IIf, DOX formed strong conventional
hydrogen bond with Ser818 with bond length of 2.83 A, Tyr821 with 2.55 and 2.17 A distance, with
Dgl0 at distance 2.96A. DOX also showed three n-n stacked bonds with Tyr821 with 3.82, 4.0, and
5.78A distance (Figure 3E and F). For antrocin, strong conventional hydrogen bond was observed with
Asn525 with 2.68A distance and it is a hydrogen donor. Antrocin also formed n-alkyl interaction with
Phe500 with bond length of 5.48A. When ergosterol peroxide was docked with topoisomerase IIp, it
formed a strong conventional hydrogen bond with Dc11 which was a hydrogen acceptor with 3.01A
distance. Tyr821 had n-sigma interaction and m-alkyl interaction with ergosterol peroxide with distance
of 3.49A and 5.10A respectively. On the other hand, based on the 2D interaction diagram of ergosterol
peroxide with topoisomerase IIf, three unfavorable bonds at Ser818, DNA residue Dt9 and Dg10 were
observed.

Naringin owned the greatest number of hydrogen bonds with topoisomerase IIf which were
Arg503 (2.45A,2.66A,2.94A and 2.31A), Lys456 (2.99A), Asn525 (2.83A), Pro501 (2.07A) and Dgl13
(3.09A). However, Figure 3G and H shows two conventional hydrogen bonds with Arg503 for 4.88A
and 2.66A distance. There was one unfavorable bond with Dal2 shown in 2D interaction diagram of
ergosterol peroxide with topoisomerase IIf. Antrocin and naringin did not show any similarity in
interactions with topoisomerase IIp as DOX, but ergosterol peroxide formed hydrophobic interaction
with tyr821 of topoisomerase [i} as DOX.

Molecular Dynamic Simulation

Molecular dynamic simulation is a technique to simulate both the protein and ligand for certain
time to analyze the conformation changes [35]. The trajectories acquired from MD simulations provide
useful data to study the interactions between proteins and ligands. For 100 ns at 300°K [36,37], MD
simulations of naringin with EGFR, HER2, topoisomerase Ila and topoisomerase IIf§ enzymes of breast
cancer were carried out. The root means square deviation (RMSD) [38,39], root means square
fluctuation (RMSF) [40], radius of gyration (Rg) [41,42] of apo and complex proteins were determined
and compared.

MD simulations were performed for EGFR, HER2, topoisomerase Ilo and topoisomerase IIf. The
MD results of RMSD, RMSF, radius of gyration (Rg), number of hydrogen bonds in protein and protein-
naringin complex, and number of hydrogen bonds between protein and naringin against EGFR and
HER?2 are shown in figure 4A-4], and against topoisomerase ITo and topoisomerase IIp are shown in
figure 5A-5J. MM-PBSA binding free energy of naringin complex of EGFR, HER2, topoisomerase Ila
and topoisomerase IIf are given in Table 2.

Figure 4A clearly indicates that the naringin-EGFR complex had a lower RMSD value than the
EGFR alone, demonstrating the conformational stability of the EGFR in the presence of naringin at the
active site. After 40 ns, the EGFR apo form reached equilibrium, and at 3.2 A the EGFR reached a stable
conformation. After settling and converging at 2.8 A, the RMSD trajectory of the naringin-EGFR
complex became steady after 20 ns. It has been observed that when naringin is bound, the RMSD values
decrease slightly. This suggests that naringin binds tightly to EGFR and may inhibit it. Furthermore,
naringin had constant fluctuations in EGFR's active pocket with an average RMSD of 4.5 A. In RMSF
studies, it was observed that a high flexibility scale for residues (725—-760) of EGFR and this flexibility
is due to this domain not possessing any ligands. The most residue fluctuation was observed for EGFR
in the residue range 800-900 with average RMSF 1.8 A (Figure 4B). It suggests that this domain adopted
a specific conformation to accommodate naringin. EGFR and EGFR-naringin showed average Rg values
of 1.93 nm and 1.99 nm, respectively (Figure 4C). Because of the binding of naringin, the complex has
looser packed than EGFR, and it may be due to EGFR unfolding. Naringin did not affect the interprotein
hydrogen bonding in EGFER (Figure 4D). Figure 4E depicts the results of the quantity and persistence
of hydrogen bonds in the naringin-EGFR complex. Five hydrogen bonds were discovered in naringin-
EGFR, and it was also supported by the results of molecular docking.
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The apo form of HER2 got equilibrium after 78 ns whereas and naringin complex got equilibrium
after 15 ns, and the apo form of HER2 reached a stable conformation with RMSD of 5.0 A and the
complex of naringin-HER2 with RMSD of 2.9 A that exhibited the conformational stability of the HER2
in the presence of naringin at the active site (Figure 4F). It has been observed that when naringin is
bound, the RMSD values got decreased. This suggests that naringin binds tightly to HER2 and may
inhibit it. Furthermore, naringin was discovered to fluctuate constantly in the active pocket of HER2
with an average RMSD of 3.2 A. This suggests that naringin had acquired many conformations to bind
tightly with HER2 and may inhibit it. In RMSF studies, it was detected that a high flexibility scale for
residues (870-940) of HER2 and this flexibility may be the ligand does not possess any contact with
this domain of the protein, which indicates that these sites are not stable. The most residue fluctuation
was observed for EGFR in the residue range 750-860 with average RMSF 1.3 A (Figure 4G). It confirms
that this domain accommodates naringin with by possessing specific conformations. HER2 and HER2-
naringin showed average Rg values of 1.88 nm and 1.93 nm, respectively (Figure 4H). Because of the
binding of naringin, the complex has looser packed than HER2, and it may be due to HER2 unfolding.
Both HER2 and HER2-naringin complex showed the same type of hydrogen bonding in HER2
suggested that naringin did not have any effect on the interprotein hydrogen bonding in HER2 (Figure
41). Figure 4J il-lustrates the results of the quantity and persistence of hydrogen bonds in the nar-ingin-
HER2 complex. Five hydrogen bonds were found in naringin-HERZ2, and it was also supported by the
results of molecular docking.

Figure 5A clearly indicates that the naringin-topoisomerase Ilo. complex had a lower RMSD value
than the topoisomerase Ilo alone, demonstrating the conformational stability of the topoisomerase Ila
in the presence of naringin at the active site. After 15 ns, the topoisomerase Ilo. apo form reached
equilibrium, and at 8.0 A the topoisomerase Ila reached a stable conformation. After settling and
converging at 4.5 A, the RMSD trajectory of the naringin-topoisomerase Ila complex became steady
after 10 ns. It has been observed that when naringin is bound, the RMSD values decrease slightly. This
suggests that naringin binds tightly to topoisomerase Ila and may inhibit it. But after 60 ns there was a
slight increase in RMSD, indicates the binding instability of the complex. Furthermore, naringin had
constant fluctuations in topoisomerase Ila active pocket with an average RMSD of 8.2 A. In RMSF
studies, it was observed that residue fluctuation was observed for topoisomerase Ila in the residue range
500-750 with average RMSF 3.3 A (Figure 5B). It suggests that this domain adopted a specific
conformation to accommodate naringin. Topoisomerase Ilo. and topoisomerase Ila-naringin showed
average Rg values of 3.12 nm and 3.25 nm, respectively (Figure 5C). Because of the binding of naringin,
the complex has looser packed than topoisomerase Ila, and it may be due to topoisomerase Ila unfolding.
Naringin did not affect the interprotein hydrogen bonding in topoisomerase Ila (Figure 5D). Figure 5E
depicts the results of the quantity and persistence of hydrogen bonds in naringin-topoisomerase Ilo
complex. Five hydrogen bonds were discovered in naringin-topoisomerase ITa, and it was also supported
by the results of molecular docking.

Figure 5F clearly indicates that the naringin-topoisomerase I complex had a lower RMSD value
than the topoisomerase 1If alone, demonstrating the conformational stability of the topoisomerase 113
in the presence of naringin at the active site. After 10 ns, the topoisomerase 11} apo form reached
equilibrium, and at 8.3 A the topoisomerase IIf reached a stable conformation. After settling and
converging at 6.2 A, the RMSD trajectory of the naringin-topoisomerase II complex became steady
after 10 ns. It has been observed that when naringin is bound, the RMSD values got decreased. This
suggests that naringin binds tightly to topoisomerase IIf and may inhibit it. Furthermore, naringin had
constant fluctuations in topoisomerase IIf active pocket with an average RMSD of 9.8 A. In RMSF
studies, it was observed that residue fluctuation was observed for topoisomerase 11 in the residue range
450-525 with average RMSF 2.5 A (Figure 5G). It suggests that this domain adopted a specific
conformation to accommodate naringin. Topoisomerase IIf and topoisomerase IIB-naringin showed
average Rg values of 3.32 nm and 3.08 nm, respectively (Figure 5H). Because of the binding of naringin,
the complex has tighter packing than topoisomerase I1, and it may be due to topoisomerase 11f folding.
Naringin did not affect the interprotein hydrogen bonding in topoisomerase 11 (Figure 51).
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Figure 5. Molecular dynamic simulations: A) RMSD analysis of topoisomerase Ilo and naringin-
topoisomerase ITa, B) RMSF analysis of topoisomerase Ila and naringin- topoisomerase Ila, C)
Radius of Gyration of topoisomerase IIa and naringin-topoisomerase ITo, D) H-Bond analysis of
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J) Lig H-Bond analysis of naringin-topoisomerase I1f3
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The anchoring of the ligand to the protein becomes tighter as the number of hydrogen bonds
increases and the length of each hydrogen bond shortens. Figure 5J depicts the results of the quantity
and persistence of hydrogen bonds in naringin-topoisomerase II complex. Five hydrogen bonds were
discovered in naringin-topoisomerase IIf3, and it was also supported by the results of molecular docking.

Residual binding analysis is one of the key processes in structure-based drug design to identify
the important residues involved in the ligand-protein binding. In residual analysis, it was noted that the
hydrophobic and acidic residues in all the four used proteins made a significant impact. The results of
the current investigation suggest that hydrophobic interactions between the cancer protein and naringin
complexes are the primary means by which they are stabilized. The residual energy value of amino acid
residues of EGFR, HER2, topoisomerase Ila and topoisomerase IIf§ when these are bound with naringin
are shown in Figure 1A, 1B, 1C and 1D, respectively. The key residues and their critical role in ligand
binding were identified based on the contribution energy. The residual energy analysis showed that most
of the residues in all four protein complexes with naringin contributed negatively. Specifically, active
site residues Leu694, Val702, Ala719, Met742, Cys751, Leu764, Leu768, Pro770, Leu820, and Thr830
showed a higher contribution energy in naringin complex with EGFR however in HER2 Val734,
Ala751, Met774, Leu785, Leu796, Thr798, Leu852, and Phe864 showed higher contribution energy.
Active site residues Phe680, Pro681, 1le704, Leu705, Glu712, Tyr830, Glu837, and Aspl004 of
topoisomerase Ilo. complex with naringin has shown higher contribution energy, whereas Lys1, Pro4,
Phe49, Pro50, Ile75, and 1le78 are recognized as crucial residues necessary for the activity of
topoisomerase I1J.

All the examined proteins' naringin complexes (last 20 ns MD trajectories) under-went MMPBSA
study to determine the van der Waals and electrostatic interactions, polar solvation, and SASA energy
related with binding free energy. Table 2 comprises the binding free energy information. The strength
of the binding interactions between the ligand and the target protein is measured by the ligand binding
affinity, which is directly related to ligand potency. Additionally, free energy is negative for
advantageous interactions. Naringin can be a possible lead for inhibiting EGFR, HER2, topoisomerase
lla and topoisomerase IIf proteins according to MM-PBSA study, with binding free energies of -
196.947, -238.847, -253.092 and -195.663 kJ mol-1, respectively. Van der Waals, electro-static, polar
solvation, and SASA energy were additional energy terms that added up to yield the binding free energy.

Table 2. MM-PBSA binding free energy of naringin complex of EGFR, HER2, topoisomerase Ila. and
topoisomerase 113

Complex van der Waal Electrostatic Polaerns:rlgjtlon SASA energy TOt:rI]Er'g;jmg

energy (kJ mol™?) | energy (kJ mol™?) (kJ mol) (kJ mol ™) (kd mol)
EGFR + -266.406 -23.285 115.923 -23.180 -196.947
Naringin +18.128 +8.123 + 24.447 +1.675 +19.378
HER2 + -309.133 -31.821 127.725 -25.618 -238.847
Naringin + 13.624 + 4.533 +12.885 +1.535 + 18.402
Topoisomerase -331.847 -25.469 130.018 -25.794 -253.092
ITo + Naringin +11.732 +12.573 +29.765 +0.849 + 24.664
Topoisomerase -235.242 -18.101 78.326 -20.646 -195.663
I1B + Naringin +23.974 +9.562 +21.473 +1.224 +26.572

ADME and Toxicity Prediction of Phytocompounds Mushroom

Drug likeness, pharmacokinetic and toxicity profile are tabulated in Table 3 and 4. A drug
candidate's ability to perform well in clinical trials depends on its ability to absorb, distribute,
metabolize, and eliminate. Lipinski's rule of five states that an orally active medicine must have all five
of the following characteristics: (i) hydrogen bond donors < 5; (ii) hydrogen bond acceptors < 10; (iii)
molecular masses < 500 g/mol; and (iv) log P values less < 5 [43-45]. The pharmacokinetic
characteristics of mushroom phytocompounds are displayed in Table 3. All the examined molecules,
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except for a few compounds, adhere to the Lipinski rule of 5. The compound with the better binding
affinity with all the four selected enzymes, naringin, however do not comply with the molecular weight,
number of hydrogen bond acceptors and donors according to Lipinski rule of 5, has a medium BBB
permeability, and a low clearance with score of < 5 ml/min/kg, suggesting that it may not be the best
oral medication to treat breast cancer. Moreover, CYP450 2C19 substrate (non-substrate) value for
naringin had a probability of 0.876; CYP450 2C19 inhibitor (non-inhibitor) had a probability of 0.986.

Table 3. Drug likeness and pharmacokinetic properties of phytocompounds of mushroom

Compounds MW | logP |HBA|HBD| RB | TPSA |Clearance| BBB |CYP2C19-|CYP2C
permeant inh 19-sub

2,3,6,23-

Tetrahydroxy-urs- | o) a5 13903 | 6 | 5 | 2 |118.22| 3.089 0.362 0.003 | 0.898
12-en-28-oic acid

Antcin-A 45431 |4581| 4 | 1 | 5 | 7144 | 15212 | 0.835 0.016 | 0.904
Antrocin 23416 |3667| 2 | 0 | 0 | 263 | 10.143 0.9 0.329 | 0.853
Antroguinonol 39028 |6.933| 4 | 2 | 11 | 5892 | 6.455 0.078 0.467 | 0.887
Beta-D-glucan 504.17 |-4.064| 16 | 11 | 7 |268.68| 0.794 0.421 0.002 | 0.049
Colossolactone G | 538.29 | 4.305| 7 | 1 | 4 | 99.13| 4.003 0.829 0.296 | 0.85
Cordycepin 2511 |-1.892| 8 | 4 | 2 |120.04] 7.546 0.63 0.04 | 0.064
Ellagic acid 30201 | 1.117| 8 | 4 | 0 |141.34| 2.346 0.011 0.013 | 0.043
Ergone 39231 | 6157 1 | 0 | 4 | 17.07| 2548 0.009 029 | 0.967
Ergosterol peroxide | 428.33 |5.601| 3 | 1 | 4 | 38.69 | 5.081 0.693 0.079 | 0.967
Ergosterol 39634 |5952| 1 | 1 | 4 |2023| 197 0.861 0.051 | 0.974
Fomitoside K 674.44 | 4.461| 9 | 4 | 11 |14275| 2.132 0.06 0.003 | 0.89
Formipinioside 646.41 | 4.463| 9 | 4 | 13 |142.75| 6.94 0.033 0.009 | 0.889
Gallic acid 170.02 |0645| 5 | 4 | 1 | 97.99 | 10.108 | 0.099 0.026 | 0.039
Ganodericacid F | 512.28 | 2594 | 7 | 1 | 6 |122.65| 12.787 | 0.937 0.025 | 0.907
Ganoderiol A 47437 |4745| 4 | 4 | 6 | 80.92 | 13.969 0.52 0.015 | 0.949
Ganodermanontriol | 472.36 | 4527 | 4 | 3 | 6 | 77.76 | 12.241 | 0.683 0.026 | 0.961
Ganomycin B 3442 |4283] 4 | 3 | 9 | 77.76 | 6.359 0.043 0.098 | 0.061
Grifolin 32824 | 6676| 2 | 2 | 8 | 4046 | 7.201 0.031 0.786 | 0.194
Hispidin 246.05 | 2.093| 5 | 3 | 2 | 90.9 | 14912 | 0.018 0.047 | 0.05
Hispolon 22007 | 1.126| 4 | 2 | 4 | 746 | 17.69 0.066 0.077 | 0.063
Ibotenic acid 158.03 |-2.923| 6 | 4 | 2 [109.32] 3.009 0.643 0.067 | 0.049
Mludin S 26414 | 0248 4 | 3 | 1 | 77.76 | 1.796 0.424 0.028 | 0.873
Inonotic acid A 27018 | 1.716 | 4 | 3 | 5 | 77.76 | 6.567 0.786 0.014 | 0.272
L-Theanine 1741 |-3109] 5 | 4 | 6 | 9242 | 5609 0.897 0.055 | 0.054
Lucialdehyde A 43835 |6.138| 2 | 1 | 5 | 37.3 | 6.969 0.133 0.177 | 0.963
Lucialdehyde B 45233 |5136| 3 | 0 | 5 | 5121 | 7.39 0.061 0.386 | 0.963
Lucialdehyde C 45434 |5311| 3 | 1 | 5 | 5437 | 9.115 0.127 0.269 | 0.954
Lucidadiol 45636 |5351| 3 | 2 | 5 |57.53 | 10.902 | 0.384 0.121 | 0.949
Lucidenic acid A | 458.27 |2594| 6 | 1 | 4 |10558| 17.353 | 0.651 0.009 | 0.942
Lucidenic acid C | 476.28 |2.198| 7 | 3 | 4 |128.97| 8818 0.662 0.003 | 0.82
Lucidenicacid D | 514.26 |2574| 8 | 1 | 6 |131.88| 462 0.739 0.024 | 0.879
Lucidenic acid E 51627 |2.819| 8 | 2 | 6 |135.04| 5.833 0.741 0.015 | 0.824
Lucidenicacid N | 460.28 |2792| 6 | 2 | 4 |108.74| 19628 | 0575 0.005 | 0.909
Lucidumol B 45838 |5321] 3 | 3 | 5 |60.69 | 10519 | 0.557 0.028 | 0.962
Lupeol 42639 7291 1 | 1 | 1 | 2023 17.929 | 0.792 0.055 | 0.969
Naringin 580.18 |-0.493| 14 | 8 | 6 |225.06] 1.489 0.347 0.014 | 0.124
Panepoxydone 210.09 | 2332 4 | 3 | 3 |7322| 10311 | 0.037 0.043 | 0.58
Psilocybine 284.09 |-0.701] 6 | 2 | 5 | 8263| 365 0.963 0.041 | 0.067
\Vulpinic acid 32208 |319| 5 | 0 | 4 | 6967 | 6.777 0.803 0.902 | 0.294

HBA — Hydrogen bond acceptor, HBD — Hydrogen bond donor, RB — Rotatable bond, TPSA — Total polar surface area
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But like few FDA approved cancer drugs such as doxorubicin and paclitaxel with high-molecular
weight (546.536Da, 800+Da), hydrogen bond donor (6.4) and acceptor (12.15), and total polar surface
area (206.221), naringin which is having high-molecular weight, hydrogen bond donor and acceptors
with large total polar surface area could be used as parenteral drug. Otherwise, must do some structural
modification in the naringin molecule such as reduce the number of hydrogen bond acceptor count,
hydrogen bond donor count and molecular weight of naringin but without any compromising on
molecular interaction of naringin with cancer enzymes, to improve its ADMET properties.

Table 4. Toxicity profile of phytocompounds of mushroom

Toxicity
Compounds Rat Oral Hepato- Carcino- Respiratory Muta-
Acgt_e Toxicity Genecity Toxicity Genecity
Toxicity

2,3,6,23-Tetrahydroxy-urs- 0.359 0.198 0.037 0.522 0
12-en-28-oic acid

Antcin-A 0.889 0.316 0.067 0.486 0
Antrocin 0.266 0.142 0.398 0.880 0
Antrogquinonol 0.051 0.237 0.025 0.033 0
Beta-D-glucan 0.108 0.080 0.008 0.005 0
Colossolactone G 0.206 0.312 0.348 0.488 1
Cordycepin 0.577 0.913 0.139 0.941 0
Ellagic acid 0.450 0.144 0.314 0.067 4
Ergone 0.419 0.187 0.373 0.945 1
Ergosterol peroxide 0.986 0.584 0.064 0.975 0
Ergosterol 0.944 0.094 0.046 0.921 0
Fomitoside K 0.127 0.205 0.021 0.377 0
Formipinioside 0.106 0.526 0.075 0.100 0
Gallic acid 0.030 0.433 0.024 0.381 0
Ganoderic acid F 0.196 0.089 0.041 0.878 1
Ganoderiol A 0.044 0.605 0.041 0.967 0
Ganodermanontriol 0.068 0.605 0.345 0.973 0
Ganomycin B 0.211 0.832 0.609 0.699 0
Grifolin 0.005 0.461 0.024 0.123 0
Hispidin 0.211 0.229 0.594 0.292 0
Hispolon 0.906 0.213 0.590 0.949 1
Ibotenic acid 0.913 0.277 0.589 0.946 0
Illudin S 0.726 0.730 0.842 0.946 1
Inonotic acid A 0.055 0.211 0.032 0.072 0
L-Theanine 0.018 0.029 0.016 0.060 0
Lucialdehyde A 0.034 0.566 0.129 0.977 1
Lucialdehyde B 0.059 0.269 0.201 0.965 2
Lucialdehyde C 0.045 0.183 0.033 0.968 2
Lucidadiol 0.058 0.225 0.014 0.978 2
Lucidenic acid A 0.870 0.153 0.069 0.510 0
Lucidenic acid C 0.952 0.241 0.019 0.909 0
Lucidenic acid D 0.163 0.093 0.058 0.749 1
Lucidenic acid E 0.119 0.151 0.033 0.785 1
Lucidenic acid N 0.899 0.226 0.023 0.320 0
Lucidumol B 0.045 0.586 0.048 0.971 0
Lupeol 0.195 0.191 0.009 0.800 0
Naringin 0.245 0.103 0.795 0.033 0
Panepoxydone 0.983 0.028 0.448 0.694 0
Psilocybine 0.237 0.652 0.191 0.732 0
Vulpinic acid 0.497 0.902 0.071 0.332 1




38  Veerasamy et al. J. Fac. Pharm. Ankara, 49(1): 21-41, 2025

Computational approaches for assessing and estimating the toxicity of natural bioactive chemicals
are regarded as a valuable validation tool since they provide a thorough grasp of toxicogenomic. The
toxicity prediction study indicates that 10 of the mushroom derived compounds are having high
probability (p> 0.5) for rat oral acute toxicity, 10 compounds have high probability (p> 0.5) for
hepatotoxicity, 6 compounds have high probability (p> 0.5) for carcinogenicity, 25 compounds have
high probability (p> 0.5) for respiratory toxicity, and 16 compounds have high probability for
mutagenicity (Table 4). However, naringin has 0.245, 0.103, 0.033 and 0 probability for rat oral acute
toxicity, hepatotoxicity, carcinogenicity, and mutagenicity, respectively. Even though, naringin has
0.795 probabilities for respiratory toxicity. This can be reduced by modifying the responsible functional
group in naringin without affecting the anticancer activity.

The interaction of NRT, DOX and 40 phytochemicals from mushrooms with several breast cancer
enzymes such as EGFR, HER2, topoisomerase Ila and topoisomerase II was investigated in this in-
silico study. From the results, it was found that antcin-A, ergosterol peroxide and naringin were showing
better binding affinity towards breast cancer proteins than the standard drug, NRT and DOX. Among
all the phytocompounds of mushroom, naringin showed high binding affinity towards every breast
cancer protein. Naringin exhibited optimal interactions such as more hydrogen bonding and reported the
same interacted amino acids as NRT and DOX. Further the in-silico ADMET studies also confirmed
that naringin has a low toxicity profile, but it fails to fulfill few criteria such as a greater number of
hydrogen bond acceptor count, total polar surface area, molecular weight, and hydrogen bond donor
count. Naringin can be ad-ministered as parental dosage form as how the FDA approved drugs paclitaxel
and doxorubicin, which are also not fulfilling four out of five Lipinski criteria for oral better oral
absorption. The molecular dynamic studies confirmed the stability of the molecular interaction complex
of naringin with the breast cancer proteins. Hence, naringin could be suggested as the best ligand for the
development of breast cancer multiple target protein inhibitors with antiviral activity. However,
additional in vitro, preclinical, and clinical investigations are required to prove naringin's true anti-breast
cancer effectiveness.
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