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Abstract

Novel treatment agents are needed since oral cancer continues to be a major worldwide
health burden. The potential anti-cancer activities of phytochemicals derived from medicinal
plants have garnered significant attention. The traditional medicinal herb Andrographis
paniculata is well-known for its wide range of pharmacological properties, including
anticancer properties. The purpose of this in silico study is to investigate the phytochemicals
from Andrographis paniculata that may be able to prevent oral cancer. We investigated and
found compounds in Andrographis paniculata that may have anticancer effects against oral
cancer using computational techniques. Using molecular docking experiments, the
interactions between these phytochemicals and known molecular targets such as signaling
proteins and receptors involved in oral cancer pathways were examined. Furthermore, the
stability and binding affinities of the protein-ligand complexes were evaluated using
molecular dynamics simulations. According to preliminary findings, a number of
phytochemicals from Andrographis paniculata show interesting interactions with important
targets that are involved in the advancement of oral cancer. Particularly, substances such as
andrographolide and neoandrographolide showed a high propensity for binding and
consistent interactions with important biomolecules connected to pathways related to oral
cancer. To sum up, this in silico analysis offers insightful information on the phytochemicals
found in Andrographis paniculata that may be useful for additional experimental validation
and development as oral cancer treatment agents. These results stimulate more investigation
in to the clinical uses of natural chemicals and add to the increasing body of data in favor of
their usage in cancer treatment.

Keywords: Oral cancer, Molecular Docking, Molecular Dynamics, Phytochemicals,
Andrographis paniculata.
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INTRODUCTION

The lining of the lips, mouth, or upper throat can develop cancer, which is referred to
as oral cancer, mouth cancer, or oral cavity cancer. It typically begins in the mouth as
a painless red or white area that develops, becomes ulcerated, and keeps spreading.
When it appears on the lips, it typically resembles a chronic, slowly-growing crusting
ulcer that does not heal. Oral cancer accounts for 48% of head and neck cancer
occurrences, making it the sixth most frequent cancer in humans. Histologically, oral
squamous cell carcinomas (OSCCs) account for 90% of instances of oral
cancer(figure-1)[1]. Approximately 400,000 new instances of oral cancer are
projected to be detected worldwide each year, with two-thirds of those occurrences
occurring in Asian nations like Bangladesh, Pakistan, India, Indonesia, and Sri
Lanka[2].

Figure-1. Cancer

Oral cancer is one of the many malignancies for which protein kinase B (Akt) is
extremely important. Nevertheless, it exists in three isoforms (Aktl, Akt2, and
Akt3), each of which has a unique function and even a different involvement in a
certain malignancy. Evaluating Akt's isoform-specific function in oral cancer is
therefore crucial. The current work aims to clarify the role of Akt, which is isoform-
specific, in oral cancer. Oral cancer tissues subjected to immune histochemistry
examination revealed upregulation of Aktl and 2 isoforms, but not Akt3 [3].

It is believed that almost two-thirds of people in many poor nations primarily rely
on traditional healers and medicinal plants to cover their basic healthcare needs[4].
Researchers are now revaluing many plant species based on species variety and their
chemical principles for therapeutic purposes as a result of the many issues with
conventional medicationsA plant species that was utilized in traditional oriental and
ayurvedic medicine is Andrographis paniculata (A. paniculata). Within the
Acanthaceae family, the genus Andrographisincludes approximately forty species.
Just a select few are widely used in folk medicine to treat a range of ailments.
(figure-2). The most significant of these few is A. paniculata. Known by many as the
King of Bitters or Kalmegh, A. paniculata is an annual that grows upright and
branches [5].
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Figure-2. Andrographis paniculata and Chemical structure of andrographolide

Asia has long practiced traditional medicine using the aerial parts, roots, and entire
plant of A. paniculata to treat a wide range of illnesses. Traditional medical
professionals have used it to treat pyrexia, stomachaches, inflammation, and sporadic
fevers [6]. The process of determining a medicinal compound's potential fate within
the body is known as pharmacokinetics, and it is crucial information to have when
developing new medications. Traditionally, the linked effects have been analyzed
using individual indicators known as the Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) factors. Chemicalize and the online SwissADME
software was used in this study to estimate a few ADMET parameters [7].

METHODOLOGY

2.1. To perform the physiochemical properties and pharmacokinetic activity-
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Figure-3. Schematic representation of physiochemical properties and pharmacokinetic
activity
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2.2. Molecular structure-
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Figure.4- The 2D structure of bioative constituents:1=Andrographiside, = 2=Andrograpanin,
3=Andrographolide, 4=14-Deoxy-11,12-didehydroandrographolide, 5=Neoandrographolide,
6=Deoxyandrographolide, ~ 7=5-Hydroxy-7,8-dimethoxyflavone, = 8=Quinic  acid, = 9=alphal-Sitosterol,
10=Chlorogenic  acid, 11=Caffeic acid, 12=Daucosterol, 13=Myristic Acid, 14=14-Deoxy-12-
methoxyandrographolide, 15=Carvacrol, 16=14-Deoxyandrographolide, 17= Eugenol, 18=Skullcapflavone I,
19=0roxylin A, 20=Apigenin, 21=Wogonin.

2.3. To prepare protein-

Here we retrieved 3D PDB targeted protein AKT1 (5wbl) of humans by using
theRCSB Protein data bank in PDB format [8]. After the preparation of protein, we
processed it for the next step by using the AutoDock toolsv4.26.

2.4. To prepare ligand-

For the preparation of ligand, we need to retrieve the 3D SDF files with the help of the
PubChem database [9]. Then we converted 3D SDF files into 3D PDB files and then opened
AutoDock tool 1.5.7. after this task, the ligand will be shown on the screen, with one
fragment looking red in color and the aromatic carbons appearing green.

2.5. To prepare the grid-

In this process, first we click on the grid button, then click on macromolecule to
choose protein molecule (5 whbl), then type as protein pdbqt files. Likewise, click on
set map type, then choose ligand, and then select the ligand as pdbqt files. After this
step, we have to click on the grid box and then cover the ligand portion by changing
the size of the grid the grid box in the in the X, y, and z- directions directions and the
grid box cover range should not be greater than 100 A°[11]. In the final the final
step, we have to click on the output the output button and save the ligand as gpf files.

2.6. To prepare docking parameters-

In this step of molecular docking, we have done the docking procedure by using
AutoDock Tools 4.2.6. [12]. After that autogrid and autodock are ready to run the
next process. These autogrids and autodocks take a take a little more time to
complete the process, and then we get a dlg file.

2.7. To analyze protein-ligand interaction-

Here, an examination of interactions is done the ligand and protein, including
hydrophobic interactions, and hydrogen bonds. The PyMOL software is used to
perform visualization and analysis of protein-ligand complexes PLIP (Protein-Ligand
Interaction Profiler) is used to perform protein-ligand interactions [13].
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RESULTS AND DISCUSSION
3.1 Analysis of the physicochemical properties of phytoconstituents-

Christopher Lipinski states that the molecular mass (g/mol) of the ligand molecules,
the calculated octanol/water partition coefficient (cLogP) of < 5, the number of
hydrogen bond donors (NoHNH) of < 5, and the number of hydrogen bond acceptors
(nON) of < 10 should all fall within this range.In this study, all of the
phytocnstituents listed in Table 3.1 follow Lipinski's rule of five except
Daucosterol.Deoxyandrographolide, 14-Deoxyandrographolide (334.45 g/mol), and
Oroxylin A, Wogonin (284.26 g/mol) molecules are predicted to have similar
molecular weights and to show similarities in TPSA and % absorption (Table 3.1).
While molecules with a TPSA of 60 A? would be efficiently absorbed (> 90%
fractional absorption), those with a TPSA of 140 A? and beyond would be poorly
absorbed (<10% fractional absorption).An analysis of the %Abs indicates that
eugenol has the greatest percent absorption (98.8%). Lipinski's Rule of 5, have a
LogP value <5, ideally between 1.35 and 1.8 for optimal intestinal and oral
absorption.

Table-1. The physicochemical Properties and drug-likeness of phytochemical

S Bioative compound = Molecula = No. of No. of H- ' No. of TPSA Log Po/ %
NO r Weight | rotable bond H-bond = (A?) w (iLO | Absorp
. (g/mol) bond acceptor | donor GP) tion
1 Andrograpanin 318.45 4 3 1 46.53 3.34 92.9
2 Andrographolide 350.45 3 5 3 86.99 2.45 78.9
3 14-Deoxy-11,12- 332.43 3 4 2 66.76 2.85 85.9
didehydroandrograph
olide
4 Neoandrographolide 480.59 7 8 4 125.68 3.27 65.6
5 Deoxyandrographolid 334.45 4 4 2 66.76 3.03 85.9
€
6 5-Hydroxy-7,8- 298.29 3 5 1 68.90 2.99 85.2
dimethoxyflavone
7 Quinic acid 192.17 1 6 5 118.22 -0.12 68.2
8 alphal-Sitosterol 426.72 5 1 1 20.23 5.18 102
9 Chlorogenic acid 354.31 5 9 6 164.75 0.96 52.1
10 Caffeic acid 180.16 2 4 3 77.76 0.97 82.1
11 Daucosterol 576.85 9 6 4 99.38 4.98 4.7
12 Myristic Acid 228.37 12 2 1 37.30 3.32 96.1
13 14-Deoxy-12- 364.48 5 5 2 75.99 3.34 82.7
methoxyandrographo
lide
14 Carvacrol 150.22 1 1 1 20.23 2.24 102
15 14- 334.45 4 4 2 66.76 291 85.9

Deoxyandrographolid
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16 Eugenol 164.20 3 2 1 29.46 2.37 98.8
17 Skullcapflavone | 314.29 3 6 2 89.13 2.83 78.2
18 Oroxylin A 284.26 2 5 2 79.90 2.61 81.4
19 Apigenin 270.24 1 5 3 90.90 1.89 77.6
20 Wogonin 284.26 2 5 2 79.90 2.55 81.4

3.2 Predicting drug-likeness and ADME-

The rate and extent of a pharmacological product's absorption are referred to as its
bioavailability. All of the phytconstituents have high Gl absorption except Quinic
acid, alphal-Sitosterol, Chlorogenic acid, Daucosterol (Table 2). The use of the
SwissADME webtool, we estimated that Andrograpanin,14-Deoxy-11,12-
didehydroandrographolide.

Deoxyandrographolide,5-Hydroxy-7,8dimethoxyflavone,MyristicAcid, 14-
Deoxy-12-methoxyandrographolide,Carvacrol,14-Deoxyandrographolide,Eugenol
can permeate BBB,and rest of compound cannot permeate BBB (Table 2).
Andrograpanin and 5-Hydroxy-7, 8-dimethoxyflavone can act as CYP2C19
inhibitor. Andrograpanin, 14-Deoxy-11,12-didehydroandrographolide,5-Hydroxy-
7,8-dimethoxyflavone,Skullcapflavone I, Oroxylin A,Wogonin can act as CYP2C9
inhibitor and the rest of the phytoconstituents cannot act as CYP2C9 inhibitors. 5-
Hydroxy-7,8-dimethoxyflavone, Skullcapflavone 1, Oroxylin A,Wogonin are
predicted as CYP2D6 inhibitors. It has been found that as molecular size increases,
log Kp lowers (becomes less negative).All of the phytoconstituents had skin
permeability (Kp) values ranging from -9.15 to -2.49 cm/s.

Table - 2 The prediction of Pharmacokinetics properties of phytochemical

compound
1%2]
e . .
> <33 8 P — —
IS] e 5 8 2 2
—_ Q0 —_ —_ —_
g c £ g 8 = S 2 S —_
g o I IS = c = = = il
o = Q = c = c c c £
— S % = o = = =
g 5 = 8 o~ — o © < e
£ 2 2 > < O O [a)] < o
s 3 < 2 & §& & §& 8 ¢
z 8 < B 5 = > 5 > > 2
n m V] m o O] (@) O] (@) (@) |
1 Andrograpanin High Yes | No No Yes Yes No No -5.25
2 Andrographolide High No | Yes | No No No No No -6.90
3 14-Deoxy-11,12- High Yes | Yes | No No Yes No Yes -6.03
didehydroandrograph
olide
4 Neoandrographolide High No | Yes No No No No Yes -7.36
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5 Deoxyandrographolid | High Yes | Yes | No No No No No -6.28

e
6 5-Hydroxy-7,8- High Yes | No | Yes Yes Yes Yes Yes -5.76

dimethoxyflavone
7 Quinic acid Low No ' Yes | No No No No No -9.15
8 alphal-Sitosterol Low No No No No No No No -2.49
9 Chlorogenic acid Low No No No No No No No -8.76
10 Caffeic acid High No No No No No No No -6.58
11 Daucosterol Low No No No No No No No -4.32
12 Myristic Acid High Yes | No | Yes No No No No -3.35
13 14-Deoxy-12- High Yes | Yes | No No No No Yes -6.63
methoxyandrographol

ide
14 Carvacrol High Yes | No | Yes No No No No -4.74
15 14- High =~ Yes | Yes No No No No No -5.90

Deoxyandrographolid

e
16 Eugenol High | Yes | No | Yes No No No No -5.69
17 Skullcapflavone | High No No | Yes No Yes Yes Yes -6.12
18 Oroxylin A High No No | Yes No Yes Yes Yes -5.56
19 Apigenin High No No | Yes No No Yes Yes -5.80
20 Wogonin High No No | Yes No Yes Yes Yes -5.56

GIl-Gastro-intestinal, BBB-Blood brain barrier, P-gp- p-Glycoprotein, logKp (skin

permeation)

3.3 Toxicity profile-

The toxicological endpoints (hepatotoxicity, neurotoxicity, nephrotoxicity, respiratory
toxicity, cardiotoxicity, carcinogenicity, immunotoxicity, mutational toxicity, cytotoxicity,
ecotoxicity, clinical toxicity, and nutritional toxicity) and the level of toxicity (LD50, mg/kg)
and toxicity class of the twenty phytoconstituent derivatives were predicted in the current
study. Table 3. The results showed that all of the phytoconstituents are not active for
cardiotoxicity —except Andrographolide, 14-Deoxy-11, 12-didehydroandrographolide,
Neoandrographolide, Deoxyandrographolide, Daucosterol, 14-Deoxy-12-
methoxyandrographolide, 14-Deoxyandrographolide, Oroxylin A, and Wogonin.

The results showed that all of the phytoconstituents are not active for
mutagenicity. The results demonstrate that all of the phytoconstituents are inactive
except neoandrographolide in Cytotoxicity. The results found that all of the
phytoconstituents are not ecotoxic except 5-Hydroxy-7, 8-dimethoxyflavone, alpha-
1-Sitosterol, Muyristic Acid, Caracol. Andrographolide, 14-Deoxy-11, 12-
didehydroandrographolide, Neoandrographolide, Deoxyandrographolide, Quinic
acid, alphal-Sitosterol, Chlorogenic acid, Caffeic acid, 14-Deoxy-12-
methoxyandrographolide, and 14-Deoxyandrographolide are active for clinical
toxicity, and the rest of the phytoconstituents are inactive for clinical toxicity.Quinic
acid, chlorogenic acid, caffeic acid, myristic acid, carvacrol, eugenol, and
apigenin are not active for nutritional toxicity, and the rest of the phytoconstituents
are active for nutritional toxicity.
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The findings indicated that the median lethal dose (LD50) ranged from 5 to 9800
mg/kg. As per the globally harmonized system of classification of labeling of
chemicals (as described in Pro Tox Ill), Neoandrographolide are fatal (Class 1),
Andrograpanin, 14-Deoxy-12-methoxyandrographolide, 14-Deoxyandrographolide
are fatal (Class Il), Andrographolide, Deoxyandrographolide, alphal-Sitosterol,
Myristic Acid, Carvacrol, Eugenol harmful (Class 1V), 5-Hydroxy-7,8-
dimethoxyflavone, Chlorogenic acid, Caffeic acid, Skullcapflavone I, Oroxylin A,
Wogonin  “may  be  harmful” (Class V), and  14-Deoxy-11,12-
didehydroandrographolide, Quinic acid, and Daucosterol are nontoxic (Class VI)
toxicity classes. The results indicated that the majority of drug-like substances tend
to exhibit more nephrotoxicity and respiratory toxicitythan any toxicological
endpoints.

Table-3. ProTox 111 predicted organ toxicity, toxicological endpoints, and acute

toxicity
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3.4 Analysis of molecular docking-

The objective of molecular docking is to precisely measure the strength of binding
and forecast the configuration of a ligand inside the boundaries of a receptor binding
site. The binding affinities, binding types, and active amino acid residues of the
drugs under research in the target enzyme have been determined using a molecular
docking analysis. The analysis of the docking experiment focused on the ligand's
binding affinity with the target AKT1. Table 4 presents the statistical data for the
highest-ranked ligand that was obtained during docking. According to a docking
experiment analysis of the ligands, phytochemical binding affinities range from -9.17
kcal/mol to -4.87 kcal/mol (Table- 4). The top five phytoconstituents with low
binding energies were andrograpanin, 14-deoxyandrographolide,
deoxyandrographolide, alpha-1-sitosterol, 14-deoxy-11, 12-
didehydroandrographolide.
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3.5 Analysis of Ligand-Protein Interaction-

After completion of the docking experiment for all twenty phytochemicals by using
AutoDock, a vast range of ligand poses were generated. The best binding affinity
ligand pose was analyzed in the investigation.Overall, the in-silico docking analysis
indicated thatalphal-Sitosterol interact with one hydrogen bonding(GLU -1157A)
and seven hydrophobic and other interacting residues(PRO-610A,LEU-611A,PRO-
650A,GLN-651A, TRP-969A,HIS-973A,GLU-1157A), 14-deoxyandrographolide
forms hydrogen bond interactions with three amino acid residues(LEU-707A,SER-
848A,ARG -850A) and Deoxyandrographolide formed hydrogen bond interactions
with one amino acid residues(SER-84A) and four hydrophobic and other interacting
residue(PRO-86A, PRO-706A,LYS-111A,LEU-1112A). Andrograpanin interact
with three hydrogen bonding (SER-84A,LEU-87A,LEU-707A) four hydrophobic
and other interacting residues (PRO-86A,PRO-706A,ARG-850A,ILE-851A). The
3D structure of the ligand-protein interactions and its amino acid residue include salt

bridges, hydrophobic bonds, and hydrogen bond.

Table- 5 Molecular docking interaction of AKT1 with phytoconstituents by using PLIP

Sr.No. | Phytoconstituents | Binding Hydrogen bond interaction Hydrophobic and other
energy interaction
1 5-Hydroxy-7,8- -6.23 LEU-87A, SER -848A ARG-77A,PRO-706A,LEU-
dimethoxyflavone 707A
2 14-Deoxy-11,12- -8.44 SER-84A,LEU-707A PRO-86A,PRO-706A,ILE-
didehydroandrograp 851A,LYS-1111A
holide
3 14-Deoxy-12- -6.23 LYS-97A,LYS-460A,SER- PRO-461A,TRP-494A,LEU-
methoxyandrograph 501A 498A
olide
4 14- -8.83 LEU-707A,SER-848A,ARG - | PRO-86A,PRO-706A,ARG-
deoxyandrographoli 850A 850A
de
5 alphal-Sitosterol -8.58 GLU -1157A PRO-610A,LEU-611A,PRO-
650A,GLN-651A, TRP-
969A,HIS-973A,GLU-
1157A
6 Andrograpanin -9.17 SER-84A,LEU-87A,LEU- PRO-86A,PRO-706A,ARG-
707A 850A,ILE-851A
7 Andrographolide -7.61 SER-81A, SER-848A ARG - PRO-86A,LYS-1111A
850A
8 Apigenin -7.92 ASP -79A,SER-84A ,SER- PRO-86A,PRO-706A,LEU-
705A,LEU-707A 707A
9 Carvacrol -5.02 VAL-1113A,THR -1114A ARG-77A,PRO-86A,LEU-
87A,LEU-707A
10 Daucosterol -7.23 ASN -517A,GLU -518A,GLN | ASP-490A,MET-491A,ILE-
-521A,ILE-522A 522A, PHE-525A
11 Deoxyandrographoli -8.68 SER-84A PRO-86A, PRO-706A,LYS-
de 1111A,LEU-1112A
12 Eugenol -4.87 LEU-87A ARG-77A,LEU-87A, PRO-
706A,LEU-707A
13 Neoandrographolide -7.27 SER -81A,SER -84A,LEU - PRO-706A, LYS-1111A
707A, LYS-1111A
14 Wogonin -7.11 ASP -79A, SER-84A, LEU- PRO-86A,PRO-706A,LEU-
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Figure-5. The 2D and 3D view of the ligand-protein interactions and its amino acid residue
include salt bridges, hydrophobic bonds, and hydrogen bond- The no. (1 to 4) stand for 1:
Deoxyandrographolide, 2: alphal-Sitosterol, 3: 14-deoxyandrographolide, 4:
Andrograpanin.

CONCLUSION

In conclusion, study was done on the pharmacokinetics, drug-likeness, and toxicity
profiles of twenty phytoconstituents. The twenty phytoconstituents found in the
Andrographis Paniculata were expected to have inhibitory effects on oral cancer
using in silico approaches.For oral availability, all twenty adhere to Lipinski's rule of
five except Daucosterol which is typical for natural goods. The results showed that
Andrograpanin,  14-Deoxyandrographolide, = Deoxyandrographolide,  alphal-
Sitosterol, and 14-Deoxy-11,12-didehydroandrographolide have lower binding
energies, indicating that they may fit neatly in the human AKT1 binding pocket and
form a stable inhibitor-protein complex. The compounds with the best binding
energy that showed good ADME properties. According to a research that analyzes
toxicological endpoints, the range of the median fatal dosage (LD50) is 48—23000
mg/kg.Overall result concludes that Alphal-Sitosterol, 14-Deoxyandrographolide,
Deoxyandrographolide, and Andrograpanin are potential agent for oral cancer.

FUTURE PROSPECTIVE

Alphal-Sitosterol,  14-Deoxyandrographolide, Deoxyandrographolide,  and
Andrograpanin are identified as potential agents for the synthesis of oral cancer
compounds for further in vitro and in vivo research based on the outcomes of the
molecular docking, pharmacokinetic properties, and predicted drug-likeness.

ACKNOWLEDGEMENTS

I am deeply grateful to Dr. O.P. VERMA (Director, Goel Institute of Pharmacy and
Sciences, Lucknow) for introducing me to a new world and level of medicine. I
would like to record my gratitude to “my esteemed respected guide, Mrs. Garima
Awasthi, Associate Professor, Department of Pharmaceutical Chemistry, Goel
Institute of Pharmacy and Sciences, Lucknow for her supervision, advice, and
guidance from the very early stage of this research and also | also express my thanks
to all my friends who helped me thought-out my research work especially and all my
friends and classmates.

I would like to thank my loving parents who have blessed meand instilled in me
courage, strength, and also the desire to do my best for achieving my aim.

Conflict of interest
All the authors’ promuglate that there is no conflict of interest.

VOLUME 23 : ISSUE 09 (Sep) - 2024 Page No:860



YMER || ISSN : 0044-0477

10.

11.

12.

13.

http://ymerdigital.com

REFERENCE

GS. Sarode, SC. Sarode, A. Patil, R. Anand, SG. Patil, et al. “Inflammation and oral cancer: An
update review on targeted therapies™. J Contemp Dent Pract, ( 2015), pp-595-602.

A.D. Alnuaimi, D. Wiesenfeld, N.M.O'Brien-Simpson, E.C.Reynolds, M.J. McCullough. “Oral
Candida colonization in oral cancer patients and its relationship with traditional risk factors of
oral cancer”. A matched case-control study, (2015), pp.139-45.

S.H. Baek, J.H. Lee, C.Kim, H. Lee, D. Nam, J. Lee, S.G. Lee, W.M. Yang, Um, J.Y,; et al.
“Ginkgolic Acid Inhibits Invasion and Migration and TGF-beta-Induced EMT of Lung Cancer
Cells Through PI3K/Akt/mTOR Inactivation. J. Cell. Physiol”, vol.232, no. 2, (2017), pp. 346—
354.

A. Bellacosa, C.C. Kumar, A. Di Cristofano, J.R. Testa, “Activation of AKT Kinases in
Cancer: Implications for Therapeutic Targeting. Advan. Cancer”, vol. 94, (2005), pp. 29-86.

D. Bordoloi, K. Banik, G. Padmavathi, et al. “TIPE2 Induced the Proliferation, Survival, and
Migration of Lung Cancer Cells Through Modulation of Akt/mTOR/NF-kappaB Signaling
Cascade”, Biomolecules,vol.9, no. 2, (2019), pp. 836.

G.C. Cavalcante, A.P. Schaan, G.F. Cabral, M.N. Santana-da-Silva, P. Pinto, et al “An
Overview of the Molecular Biology and Genetics of Apoptosis. Int. J. Mol. Science”, vol.20,
(2019), pp. 4133.

N. Hinz, M. Jucker, “Distinct functions of AKT isoforms in breast cancer: A comprehensive
review. Cell Commun. Signal”, vol. 17, (2019), pp. 1-29.

D.C. lacovides, A.B. Johnson, N. Wang, S. Boddapati, J. Korkola, J.W. Gray, “Identification
and Quantification of AKT Isoforms and Phosphoforms in Breast Cancer Using a Novel
Nanofluidic Immunoassay. Mol. Cell. Proteom”, vol.12, (2013), pp. 3210-3220.

S. Irani, “Distant metastasis from oral cancer: A review and molecular biologic aspects”, J Int
Soc Prev Community Dent, vol. 6, no. 3, (2016), pp. 265-71.

Soussan. Irani, “Metastasis to head and neck area: a 16-year retrospective study”, American
journal of otolaryngology, vol. 32, no. 1, (2011), pp. 24-27.

Khwairakpam, Amrita Devi, Kishore Banik, Sosmitha Girisa, Bano Shabnam, Mehdi
Shakibaei, Lu Fan, Frank Arfuso et al. “The vital role of ATP citrate lyase in chronic diseases”,
Journal of Molecular Medicine, vol. 98, (2020), pp. 71-95.

Lorenzato, Annalisa, Marta Biolatti, Giuseppe Delogu, Giampiero Capobianco, Cristiano
Farace, Salvatore Dessole, Antonio Cossu et al. “AKT activation drives the nuclear localization
of CSEIL and a pro-oncogenic transcriptional activation in ovarian cancer cells”,
Experimental Cell Research, vol. 319, no. 17, (2013), pp. 2627-2636.

Marquard, Franziska E., and Manfred Jicker, “PI3K/AKT/mTOR signaling as a molecular
target in head and neck cancer”, Biochemical pharmacology, vol. 172 (2020), pp. 113729.

VOLUME 23 : ISSUE 09 (Sep) - 2024

Page No:861



