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ABSTRACT

Valorization of waste products of fruits and vegetables is
attractive to researchers. Fruits and vegetables are high in macro-
nutrients. Also, non-nutrient molecules, often known as
phytochemicals, are secondary plant metabolites that include
polyphenols and triterpenoids and are well known for a variety of
biological activities and health advantages. Citrus fruits are rich
in ascorbic acid, and citric acid, which boosts our immune system
by helping in the production of white blood cells. Citrus fruits are
also known as acid fruits because of their soluble solids which are
composed of organic acids and sugar. Citrus fruits are also
significant because of their elements with anti-oxidant and anti-
inflammatory potential within them. Seeds of these fruits are
capable of producing new trees, whereas seeds are inedible and
waste products too. Seeds of Citrus aurantifoliia, C.limon,
C.reticulata , C.limetta, C. maxima have been taken for the
ligand study, and molecular docking with the protein
ENTPDland also ADMET analysis has been done. Depending
upon the phytochemical-rich substances citrus seed can be the
potential pool for researchers for reuse and valorization, not only
that the significant phytocompounds mentioned and discussed in
this paper can be used as a good target for the protein, ENTPD1
which is a hallmark gene of oral cancer. Recycling citrus seeds
will add some economic value to produce a new drug delivery
system. As the findings indicated limonin present in C. reticulata
and C. aurantifoliia constituted a needful source of medication
because it shows good drug likeliness, and may hamper the
growth of metastatic cells by boosting immunity.

INTRODUCTION

ral cancer, a part of Head and squamous cell

carcinoma, ensues the dysplasia of the mouthparts,

sinus, tonsil, hard and soft palate of the mouth,
larynx, tongue, up to oropharynx region. NIH, Cancer Stat Facts
estimated 54,540 new cases in 2023 and 11,580 death cases due to
Oral cavity and pharynx cancer. "' It is the 6" most common
disease globally; in India, it is the most common disease. " The
low-income population of India is highly affected due to some
etiological factors, smokeless tobacco, bidi, gutkha, cigarettes,
etc. There are several risk factors that trigger many genetic levels
that increase or decrease oral dysplasia through the process of
carcinogenesis " and in this process of carcinogenesis, there are
multistep pathways in which various genes are involved and alter
their functions as tumor suppressors or tumor enhancer genes.

There are many differentially expressed genes for such processes
among them ENTPD1 is a hallmark gene for keratinized cells of
mouth parts due to heavy smoking which causes cancer'®. CD39
is a potential marker of any inflammatory diseases, it metabolizes
extracellular adenosine triphosphate to adenosine
monophosphate and is encoded by ENTPD1 [ecto- nucleotide
triphosphate diphosphohydrolase 1] and depends on membrane
proteins. The human ENTPD1 gene is on chromosome 10q24.1.
When ADP or ATP is used as the substrate, recombinant CD39
inhibits it. Although CD39 activity initially increased with
increasing substrate concentration, it was significantly inhibited
athigh concentrations of ATP or ADP "

The cascade of the proliferation of T cells in hematological
malignancies begins with extracellular ATP and leads to
immunosuppressant adenosine(eADO) synthesis is regulated by
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ectonucleoside triphosphate diphosphohydrolase-1 (CD39) and
ecto-5'-nucleotidase (CD73), which influence purinergic
signaling by modifying ligand availability "

Considering previous molecular signaling databases, limiting
CD39-CD73, potential 'immune checkpoint mediator' shows
significant changes blood cancer environment

In molecular biology, through molecular docking tools,
computational drug designing is a new choice. To control or limit
any action of hallmark genes by molecular docking against
phytocompounds is a promising approach. Therefore CD39-
ENTPDI activity is key to regulating oral malignancy, in this
study we will demonstrate the binding affinities, drug likeliness,
and anticarcinogenic and antiviral properties of the
phytocompounds in comparison to different citrus fruits available
in the market as lead molecules to ENTPDI protein. This study
may help the next-generation low-cost drugs that will come from
natural sources involved in lowering the propagation of
metastatic cells.

Fruits and vegetables are high in macro-nutrients. Also, non-
nutrient molecules, often known as phytochemicals, are
secondary plant metabolites that include polyphenols and
triterpenoids and are well known for various biological activity
and health advantages. Valorization of waste products of fruits
and vegetables is attractive to researchers. Citrus fruits are rich
sources of Vitamin C, which is a potential antioxidant and shows
an immune-supportive solid nature. Nonedible parts of citrus
fruits are a considerable amount left after getting the juice. """

There are more than 70 citrus species available from the
Rutaceae family. On human health it has been well documented
that Citrus seeds are enriched sources of phytonutrients, fibers,
and pectin, terpenoids like limonoids (limonin, nomilinic acid),
and phenolic substances such as phenolic acids and flavonoids,
tocopherols, and carotenoids"" shows a wide array of antioxidant
activity along with anti-cancer, anti-inflammatory role"”. This
offers up the possibility of using seeds (byproducts of citrus
species) as a source of nutraceuticals"”.

Concurrent with the high demand for nutraceuticals-rich
innovative functional foods, we have chosen five popular citrus
fruits; Citrus sinensis (sweet orange), Citrus aurantiifolia (
patilebu or lemon) Citrus limetta (Musambi), Citrus reticulata
(Aroma king lemon), Citrus maxima (pomello). Since there is no
such IN-Silico study reported for the phytocompounds found in
the citrus seeds, molecular docking was performed to identify
probable putative bioactive compounds with anti-oral cancer
potentiality.

1. MATERIALS AND METHODS
2.1 Protein Preparation

On retrieving the 3D-crystal structure of the protein ENTPD1

(PDB ID: 3ZX0) from the RCSB Protein Data Bank website
(https://www.rcsb.org/)"" the protein structure showed a crystal
resolution of 1.90 A and two chains, A and B, consisting of 129
amino acids. In order to avoid atomic clashes and optimization of
hydrogen bonds, the protein crystal structures were prepared
before docking by following the standard protein preparation
protocol from Discovery Studio Visualizer 21.1. The heteroatoms
and water molecules of the protein were eliminated, and polar
hydrogen was added. After that, the active site of the prepared
protein was predicted.

2.2 Ramachandran Plot

The Phi-Psi Graphical Plot or the Ramachandran Plot gives us
the graphical plot of the torsional angles phi (®) and psi (W) from
amino acids that are present in peptides. For this in silico study,
the Ramachandran Plot analysis was carried out through the
EMBL-EBI PDBsum web server (http://www.ebi.ac.uk/
thornton-srv/databases/cgi-bin/pdbsum/GetPage.pl) [EBI 2022]
Herein the protein's PDB ID was submitted to run the plot analysis
with outliers that were labeled based on the type and number of
residues and chains. All the labels were displayed.

2.3 Secondary Structure Prediction

In the prediction of secondary structure (Fig. 1 ) of the mutant-
binding domain ENTPD1 (PDB ID: 3ZXO) using the Predict
Protein online tool, it was observed that the protein showed a
sequence length of 129 amino acids, 46 aligned proteins, and a
match of 15 PDB structures. In the predicted secondary structure,
the protein helix could be seen colored in blue, the strands in red,
and others in yellow.

2.4 Retrieval of Ligands

In order to document the potential inhibitors of the mutant-
binding domain ENTPDI, the active phytocompounds of five
citrus fruits were retrieved from various literature sources found
on the PubChem website (https://pubchem.ncbi.nlm.nih.gov/).
The structures of these phytocompounds were downloaded in the
3D Structure Data File (SDF) format "”, the quantification of
which has been mentioned in the table (Table 1) below. Next, the
ligands were prepared by ligand optimization, minimization of
energy, and finally, converting said ligands into a three-
dimensional PDB file format via the PyRx software.

2.5 Molecular Docking

Molecular Docking is an essential tool in computer-assisted
drug designing, whose primary goal is to predict the predominant
binding modes of a protein having a well-defined 3D structure
and a ligand. This method helps researchers illustrate how small
molecules perform within the binding sites of protein targets,
which further gives us an idea of critical biochemical processes
within cells by simulating the interaction between small
molecules and protein targets at an atomic level " In this study, a

Table1:
Clirus Citrus CHrawe Clirie Clirus
Timon reficulata fimetia ausraniiffolie e
MNumber af Phytocompounds o 28 5 12 13
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virtual screening software tool called PyRx was used for
molecular docking"” All of the active phytocompounds from the
five citrus fruits were docked, one fruit at a time, with the mutant-
binding domain ENTPDI1. When the docking process was
completed, we observed a table displaying the binding affinity of
each ligand """ From this data, for further evaluation, the top 3
ligands of each citrus fruit were selected based on the highest
binding affinity of the ligand and saved in the PDB file format.
The 2D-3D interactions were visualized via Discovery Studio
Visualizer21.1

2.6 . Analysis of Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET)

ADMET is an abbreviation in pharmacokinetics and
pharmacology that refers to the characterization of five
properties, Absorption, Distribution, Metabolism, Excretion, and
Toxicity, that help researchers explore and explain how different
biochemical processes take place in order to provide safety
considerations for a newly developed drug on which risk-based
assessments can be made. For this study, the top 3 compounds of
each citrus fruit were chosen for the test of drug-likeness as well
as ADMET analysis. The drug-likeness test and ADMET analysis
were carried out via the web-based software SWISS-ADME tool
(http://www.swissadme.ch/)"” and ADMETLAB server
(https://admetmesh.scbdd.com/service/evaluation/index) "
respectively. Additionally, a Boiled-Egg Analysis was done
through the SWISS-ADME tool. '*" Lipinski's Rule of Five, or
simply Rule of 5, is a set of five conditions or guidelines in drug
designing and development that an orally active drug has to
follow, having no more than one violation. The Rule of 5 was

considered for the ADMET analysis.
2. RESULTS
3.1 Ramachandran Plot

The Ramachandran Plot analysis (Fig. 1) was carried out on
the mutant-binding domain ENTPD1 (PDB ID: 3ZXO), and its
protein geometry has been tabulated below (Table 2):

3.2 Molecular Docking

A molecular docking study was done using the PyRx tool on
the five citrus fruits' seeds, and it revealed several active
phytocompounds that showed a significant binding affinity with
the protein. The top compounds from each of the citrus fruits'
seeds that showed the highest binding affinity with the protein
have been tabulated below (Table 3). The results of the molecular
docking process showed a significant number of compounds from
each of the citrus fruits' seeds that had a resulting binding affinity
of more than 7 Kcal/mol with the ENTPD1 protein. From this
data, the top three compounds of each citrus fruit's seeds were
selected for further drug-likeness test and ADME analysis (Table
4).

3.3 Molecular Visualization

The various interactions between receptor and ligand of the
top phytocompounds from each citrus fruit's seed were visualized
using Discovery Studio Visualizer 21.1. Using the PyRx tool, the
docked ligands were first saved in the PDB format and then
opened with the prepared protein. Through different 2D and 3D
diagrams, numerous receptor-ligand interactions, such as Van der

Table 2
MNumber of Residucs Porccntape
Residues present in mwst favored regions: A, 204 5%
B, L
Residucs present m addibionally allowed 10 4.65%
repionsia. b L p
Rezidues presant in peneronsly allowed 2 11.9%,
regions: ~a, ~b, -1, -p
Rezichics present in dizalbvwed remons: XX i 1.0
Fumber of Mon-Glyeine amd Nen-Prsline 218 100,08
regidnes
Mumber of End-Residues 4
{Exchading Gly and Pra)
Murmber of (ilyeine residnes 0
Momber of I'redine residozs b
Totul nunber of Besidues 250
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Table3:

Sl Mame of Pub{har Mame of Binding Energy
Monsber Citrus Froit Componnd 10D Fhytocompound {Eealinmaly
1 Cirrus lemone 1101 Crvamunnne A4
2 Cifrus fimoit T63IL2326 Linponin-7-0xine .4
3 Ciirney fimaay Th3dmI4 Oibaounone-T-oxing: seatale <4
4 Ohtras retizanlale 179051 Limwomin Bk
5 Clirars renculata 459551 (ilbberellin A3 =Tk

{1R IR, 55 85,05, 1R, 1 28)-5, 1 2-dlhydroncy-11-
roethyl-t-rnellylidens=1 G-0x0-1 5-
oxapentacyelo] ©.3.2.15 8,00, 10002, 8 Jhepiadec-1 3«
ene=d=carboarylic ackd
& Cirrars reticiate LOZOHR33 Gibbercllin =18
(1R, 5585 95 10R, 125)-5, | 2-dilgpdrozy-11 -mwethyl-
Hemethylidens=b=axo-15-
oxapentacyclo] ©.3.2. 15 8,00, 10002, 8 Jhepindec-1 3-
ene-9=carboarylic ackd
7 Chirus 446925 Lyoopene =77
{timeti
[ Citrus 179651 Linwin -TE
iifolia
a Clirus 442435 Maringin i
pc T
1 Citrus (R (Hracumone 4
m e
L1 Ciirws 24 Alpha-Cagotene £.3
Kl 1.3, 3-Trimethyl-2- 3,7, L2, Vb-tetranpethyl-1 5= 2.6, b=
rirmethyloyelohes -2-en-1-yloctadeca-
135,75 11, 13,15, 1 7-nopacayl]eyvelobeiene
E
B
=

0 ] 180
Phii {degrees

Figure 1 : Ramachandran Plot Analysis of ENTPD1 and 3D Structure of the mutant-binding domain ENTPD1 (PDB ID: 3ZX0)
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Table4 :
ATIME H1|rl}l’:ﬁ:ﬁ of LTH oz ke Pll}ll‘l,l,ullt‘h,l:llulr. hisesed an Lipiflt.H"m Rule of Froe
5l Cirrus Frwir Mame of Maolecular Mumber of Muomber Of 11-Bend Consensns Mol
Mo, Ligand Weight {g'mol) LI-Dond Domors Arcepors Befractivity
1 Clerus Nwmow Ohacunone 454,51 ] 7 317 116.7%
2 Citrie Nnowm Laimomin-7-oxmme 485,53 1 a9 260 126,530
3 Clerus Nwon Obacunone-T- 511.56 ] a 351 121.11
oxime acetate
4 Cidrim rotlonlola Linmmnin 470,51 n # 255 1617
5 CHerirs peticonloi Cibberelln A3 346,37 3 fi 1.15 RO ET
] CHries retfonlaia Cibberellin 346,37 3 ] 1.15 6T
7 Citrus {ineita Lyvoopens 53087 n 0 1.0 18E23
] Citrns ausraniiffolis Limonin 470,31 L] ] 2.55 11617
L] Clitriss snzximo Maringin 58055 & 14 -0, 7% 134,91
L1 Clifrers aserefine ¥baymome 454 51 L} 7 317 116,73
Alpha-Carotens SA6.R7 L] [i] 11.0% 184,43

Waals forces, conventional bonds, Pi-Sulphur interactions,
Carbon-Hydrogen bonds, Pi-Pi T-shaped interactions, Alkyl and
Pi-Alkyl interactions, as well as unfavorable interactions were
observed. These interactions have been briefly discussed below:

Obacunone (Citrus limon)

Obacunone forms different 2D and 3D interactions with the
mutant-binding domain ENTPDI1. It includes conventional
Hydrogen bonds with residues SER 541, ASP 536, THR 539, and
PHE 538, as shown in Figure. 3

Limonin-7-oxime (Citrus limon)

Limonin-7-oxime forms different 2D and 3D interactions
with the mutant-binding domain ENTPDI. It includes two
conventional Hydrogen bonds with residues THR 539 and ASP
536, two Carbon-Hydrogen bonds with residues ASN 503 and
GLY 540, along with one unfavorable donor-donor interaction, as
shown in Figure. 3.

Obacunone-7-oxime acetate (Citrus limon)

Obacunone-7-oxime acetate forms different 2D and 3D

interactions with the mutant-binding domain ENTPDI. It
includes three conventional Hydrogen bonds with residues SER
541, SER 502, and AS, 503 and a Pi-Donor Hydrogen bond with
residue ASP 536, as shown in Figure. 3.

Limonin (Citrus reticulata)

Limonin forms different 2D and 3D interactions with the
mutant-binding domain ENTPDI. It includes three conventional
Hydrogen bonds with residues SER 541, THR 539, and PHE 538,
along with one Carbon-Hydrogen bond having residue ASP 536,
as shown in Figure. 3.

Gibberellin A3 (Citrus reticulata)

This type of gibberellin forms different 2D and 3D
interactions with the mutant-binding domain ENTPDI. It

includes three conventional Hydrogen bonds having residues
ASP536,GLY 542, and SER 541, as shown in Figure. 3.

Gibberellin (Citrus reticulata)

This gibberellin type forms different 2D and 3D interactions
with the mutant-binding domain ENTPDI. It includes five
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Figure 2 : Prediction of Secondary Structure of the mutant-binding domain ENTPD1 (PDB ID: 3Z2XO0)
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Table5:
Fradiciion of Toxwily tsing ProTos-2 Wl Saiver

=18 Citrus Mame of Predicted LD50 Predicted Aoverage Frediction

Wen Fruit Ligand (mg'kg) Toxicity Class Similarity Accuracy
1 Clvies il Obacunons 555 -+ 66,929 BE 0T
z Citriss Ifwwon Linsomin-T-oxinwe 244 3 [E N BEOT
3 Clfrees Dpron Chhacunome-T7- 855 4 R5.33%: 6738

axinee acelals

4 ik penitenelerie Liwwwin 244 3 A BE 2t
=3 Ciens peifouiada Cithberellm A3 B0 [ LM, ([E
i Citrns poiicnfola Ciibberellin (300 i+ 1% 10
T Clirus Himetia Lycopene 2700 6 T9.0B6%: 60, 26%:
= CHrus sonrvantiifolie Limwin 244 3 A B 208G
o Loy maxima Maringin 2300 z B0.21%: TOLOTH:
1o by xR Ohacumona 355 d i 929 LEOTH
11 CHErns maxing Alpha-Carciene 1510 4 TLASY: B9.26%,

3D illustration of the docked structure of the mutant-binding domain ENTPD1 and
the phyitocompounds

(a) Obacunone, (b) Limonm-7-oxime, and (¢) Obacunone-7T-oxime acetate, respectively

from Cirrus Timon,

Table 5 shows the prediction of toxicity of the phytocompounds as mentioned as name of'the ligands

(a) Limonin, {b) Gibberellin A3, and (¢) Gibberellin respectively from Citrus reticulara.

Figure 3 : 3D illustration of
the docked structure of the
mutant-binding domain
ENTPDI and
phytocompounds from
C.limon , C.reticulata.
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Table 6 :
ATMET amalysis using ADMET Lab 2.0

3L Citrus Mames aof Log 8 HLA Pop-suh EERB Carcinopenicity Lipineki's

i, Fruit Lizand Eule of Five
1 ity limean b uisone -4,553 2z a [ERL A 0777 Avepled
2 Citrur fiman Limwonin-T-axime -4.61 0057 0.0401 0ozl 0.833 Accepted
&) Clrns liman Obacuncue-7- =i, 171 0001 0922 06735 Accepred

oRirme dcstane

+ Ciirie rediclutr Lirmwmin .60 il= a [ERE 0. 730 Awvepled
5 Ciirus raticidato Gikherellin A3 -2.973 0629 0.005 0535 0.391 Accepted
fi Clirwe reficilaur Gibberellin -2.973 0625 .03 0,535 0591 Accepred
7 Citrus intetla Lycopens STaed2 0.02 0,758 ol 0026 Rejected
B Cirrus anwvanitifolia Limonin -4,504 0018 0 0988 0.739 Accepred
9 Clivi muxims Marimgin -3.43 nury 0.574 347 0793 Rejected
10 Chrus maxion Ohacunone -4.355 0022 0 (PR AY 0.777 Accepred
11 Clrns Moxima Alpha-Carotens -7.473 0035 0,333 0 0043 Rejected

Table 6 shows the carcinogenicity analysis using ADMET lab 2.0 of the phytocompounds found in citrus seeds.

3Dy illustration of the docked structure of the mutant-
binding domain ENTPID and the phytocompounds

Figure 4 : 33D illustration
of the docked structure of
the mutant-binding domain
ENTPDI and
phytocompounds from
C.aurantiifolia and
C.maxima

(a) Naringin (b) Obacunone (¢ ) Alpha carotene from Cirrus mavima | respectively
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Table7:
Pradiction of Riological and Plarmaeological aciivities using PASS Saner
AL Mamae of Mame of Shicews Shorws Mame of Vinses
R Citrus Fruit Ligand Amnticarcinogenic Propenies Antiviral Properties fAntiviral Properties)
1 Clitrue lmon Obacunons Yer Yes Herpes
1 Clhirus finon Limyomin-7-0xime Yes Wes HIv
a s limen Crbamenpone- 7o e Yes Vi Elninevires
acwbale
4 Clrsres vetlfendaia Limonin Yes Yes Tlerpes
3 Clifiars veticulobo Ui btseralhn A Yeu ¥em Flmsevires
[ Chtvus veticiedaia Ciibiberllin Yer Wen Ehinowine
7 Citeny limeiter L ywirpena Yes Fes Flriswevirues
L] Clitrue cwremtiifolia Limanin Yer Yes Herpes
o Clrrres mrercions Maringin Yes Yes erpes, Tiepatitis B,
Fhinevins
10 Clitrus murcime Obacunons Yer Yes Herpes
11 Clitgres mrersione Alpha-Carctens Yes Yes Tlerpes

Table 7 Predicts the role of of Biological and Pharmacological activities using PASS Server.

conventional Hydrogen bonds having residues GLY 542, SER
541, THR 539, PHE 538, and ASP 536, as shown in Figure. 3.

Lycopene (Citrus limetta)

Lycopene forms different 2D and 3D interactions with the
mutant-binding domain ENTPDI. It includes two Alkyl
interactions with residues LEU 559 and LEU 543, as shown in
Figure. 4.

Limonin (Citrus aurantiifolia)

Limonin forms different 2D and 3D interactions with the
mutant-binding domain ENTPDI. It includes three conventional
Hydrogen bonds having residues SER 541, THR 539, and PHE
538, as well as a single Carbon-Hydrogen bond with residue ASP
536, as shown in Figure 4.

Naringin (Citrus maxima)

Limonin forms different 3D interactions with the mutant-
binding domain ENTPDI. It includes three conventional
Hydrogen bonds having residues ASP 536, THR 539, and THR
544, two Carbon-Hydrogen bonds with residues THR 558 and
GLY 540, as well as two Pi-Alkyl interactions having residues
LEU 559 and LEU 543, as shown in Figure. 4.

Obacunone (Citrus maxima)

Obacunone forms different 3D interactions with the mutant-
binding domain ENTPDI. It includes four conventional
Hydrogen bonds having residues SER 541, THR 539, ASP 536,
and PHE 538, as shown in Figure 4.

Alpha-Carotene (Citrus maxima)

Alpha-Carotene forms different 2D and 3D interactions with
the mutant-binding domain ENTPDI. It includes only one Alkyl
interaction having residue LEU 543. Figure 4.

Drug-likeness Prediction, ADMET analysis, and Toxicity
Prediction

Lipinski's Rule of Five or Rule of 5 helps researchers
differentiate between compounds that show drug-like
characteristics and others that are simple non-drug-like
biomolecules. For this study, the drug-likeness test of the topmost
well-docked compounds was carried out following the Rule of
Five or Lipinski's Rule of Five. The ADMET analysis of the same
was done, and a Boiled-Egg illustration was generated using the
Swiss-ADME web-based tool and ADMETLAB 2.0, as shown in
Table 4. The Boiled-Egg analysis also helped us predict and
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(a) Limoanin, (k)
Gibberellin A3, and (c)
Gibberellin, respectively,
from Citras reticulata.

(a) Obacunone, (b) Limonin-7-
oxime, and (¢) Obacunone-7-
oximme acetate, respectively,
from Cifrus limon.

ia) Lycopene and (b) (a) Naringin, (b)

Limonin from Citrus ﬂhaf’*“‘_"'“e- and (c)
timerra and  Citrus Alpha-Carotene,
aurantiifolia respectively. from

Cifrus maxima

Boiled-Egg analysis of the phyvtocompounds

Figure 5

analyse the Brain-access Blood Barrier (BBB) and
gastrointestinal or Human Intestinal Absorption (HIA)
characteristics of the best-docked compounds. Additionally, the
toxicity of the phytocompounds (Table 5) was predicted using
ProTox 2 prediction server. In the end, the top phytocompounds
from each of the citrus fruits' seeds were analysed within the
standard scale of water solubility (log,), permeability
glycoprotein substrate, BBB, HIA, carcinogenic characteristics,
as well as Lipinski's Rule of Five validation (Table 6).

Comparisons between Swiss ADMET Lab and ProTox-2
along with Pass Server

It was observed that in the ADMET Lab 2.0 (Table 6), all the
top phytocompounds followed Lipinski's Rule of Five, with the
exception of Lycopene (from Citrus limetta), Naringin and
Alpha-Carotene (from Citrus maxima). During the prediction of
toxicity using Pro-Tox-2 Server (Table 5), it was detected that that
phytocompounds Gibberellin A3 and Gibberellin (from Citrus
reticulata) showed the highest LD50 (1100 mg/kg) value, that is,
6300 mg/kg. In the PASS Server, the antiviral and
anticarcinogenic properties of the top phytocompounds were
noted, with the compound Naringin (from Citrus maxima)
showing antiviral properties against many viral diseases (Table
7).

3. DISCUSSION

The review “The Second Life of Citrus Fruit Waste: A
Valuable Source of Bioactive Compounds” published by MDPI
journal probed into the chemical composition of discarded seeds
of Hamlin, Natal, Perario, and Valencia orange varieties account
for the high content of carotenoids, phenolic compounds,
tocopherols, and phytosterols, which play an important role in the
free radical scavenging capacity of this by-product “ Another
study named “The Potential of Tree Fruit Stone and Seed Wastes
in Greece as Sources of Bioactive Ingredients” from the journal
Food Waste Strategies to Reuse and Prevention stated that citrus
seeds are the only naturally occurring source of limonoid
aglycones.The total limonoid content and composition can vary
greatly depending on the cultivar and the method of analysis.

Lemon and orange seeds, according to Bonaccorsi and
colleagues, contain 375 and 114 mg/kg of limonoids,
respectively. These values were significantly lower than those
reported by other authors for lemon and orange seeds (18.93 and
22.33 mg/g dry seed, respectively). In lemon, grapefruit,
tangerine, and orange seeds, the average concentration of total
limonoid glucosides and aglycones has been found to be 6.1 and
13.5 mg/g, respectively. Limonin is the most abundant constituent
and one of six limonoid aglycones that have been identified as
inherently bitter (limonin, nomilin, obacunonic acid, changing,
deoxylimonoic acid, and nomilinic acid). Limonin and some of its
derivatives and analogs (limonin 17- d-glucopyranoside, limonin
carboxymethoxime, and deoxylimonin) are regarded as potent
antineoplastic agents. On the other hand, two nomilin derivatives,
deacetylnomilin and nomilin glucoside, have been reported to be
the most effective inhibitors of estrogen receptor-positive breast
cancer cells. The furan group, which is a structural feature shared
by all limonoids, appears to be the site of several physiological
activities. Changes in the A ring of the limonoid nucleus, for
example, can result in a loss of anti-cancer activity>*"

Among the five lemon samples, we have 11 phytocompounds
depending upon good binding energy with the target protein.
From Citrus limon three phytocompounds i.e Obacunone,
Limonin -7 Oxime, and Obacunone 7 oxime shows drug
likeliness, prediction accuracy was 68.07%,68.07 %, and 67.38%
respectively, from Citrus reticulata Limonin, Gibberellin A3,
and Gibberellin, among them two shows drug likeliness, PGP+,
And PGP- with 100% accuracy. Whereas from C. limetta and
C.aurantiifolia, two phytocompounds lycopene don't show drug
likeliness and Limone shows drug likeliness (PGP -)
respectively, with both accuracy levels (69.26%). From
C.maxima among three phytocompounds only one; Obacunone
has shown drug likeliness (PGP+), Naringin, and Alpha-carotene
don't show drug likeliness with an accuracy level of 70.97%,
68.07 %, 69.26% resp. Obacunone, Limonin-7-oxime,
Obacunone-7-oxime acetate from C./imon, Limonin, Gibberellin
A3, Gibberellin from C.reticulata, Lycopene from C.limetta,
Limonin from C. aurantiifolia, Naringin, Obacunone, Alpha-
Carotene from C. maxima has shown anticancer activity. These
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ligands from the citrus fruits show potential binding to the
hallmark gene ENTPD1, and the results extracted from the PASS
server justify this statement that all of these ligands have
anticancer activity

The above-mentioned ligands show antiviral properties too,
Obacunone, Limonin-7-oxime, and Obacunone-7-oxime acetate
from C.limon show antiviral properties against Herpes, HIV, and
Rhinovirus. Limonin, Gibberellin A3, and Gibberellin from
C.reticulata show antiviral properties against  Herpes,
Rhinovirus, and Rhinovirus respectively. Lycopene from
C.limetta has antiviral properties against Rhinovirus, and
Limonin from C. aurantiifolia shows antiviral properties against
Herpes. Naringin from C. maxima has shown antiviral properties
against Herpes, Hepatitis B, and Rhinovirus. Obacunone, Alpha-
Carotene from C.maxima has shown antiviral properties against
Herpes.

4. CONCLUSION

Depending upon the phytochemical-rich substances citrus
seed can be the potential pool for researchers for reuse and
valorization, not only that the significant phytocompounds
mentioned and discussed in this paper can be used as a good target
for the protein which is a hallmark gene of oral cancer. Recycling
citrus seeds will add some economic value to produce a new drug
delivery system. The findings indicated limonin present in C.
reticulata and C. aurantiifolia constituted a needful source of
medication because it shows good drug likeliness, which may
hamper the growth of metastatic cells by boosting immunity.
Molecular docking analysis of different citrus seeds shows that
Obacunone from C./imon and C. maxima can be a new choice for
anti-Herpes medication.
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