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ROLE OF ENDOGENOUS SEROTONIN REPLICA MEDIATED THROUGH B-CATENIN/WNT
SIGNALING IN LUNG CANCER PREVENTION AND PROGNOSIS - AN IN-VITRO STUDY IN
A549 CANCER CELL LINES

Running Title :- Role of endogenous serotonin in lung cancer prevention

ABSTRACT:

BACKGROUND:

Lung cancer remains the leading cause of cancer related death worldwide. Physical activity
and exercise are non pharmacological methods that have been shown to improve quality of
life and it gives results for the population with lung cancer. Populations with lung cancer
frequently do not present sufficient levels of physical activity and exercise and these can
contribute to quality of life.

AlM:
To analyse Chemotherapeutic potential of endogenous serotonin replica mediated through (-

catenin/Wnt signaling in lung cancer cell lines (A549)

METHODS AND MATERIALS:

Human lung cancer cell line (A549) was purchased from the National Centre for Cell
Sciences (NCCS),Pune,India. Cell viability test was done by MTT assay. B-Catenin mRNA,
Wnt mRNA and GSK mRNA Gene expression analysis was done by Real Time-PCR. The
obtained data were analysed statistically by one-way analysis of variance and Duncan’s
multiple range test with Graph Pad Prism version 5 to analyse the significance. The

significance was considered at p<0.05 level in Duncan’s test.

RESULT:

The Results suggest that maximum inhibition of cell growth was at concentration (2-4mM/ml)
used in this study when compared to control. The cancer cells were significantly inhibited and

it was found that there was significant reduction in mMRNA expression of GSK, B-Catenin, Wnt
when compared to control at a dose of 2mM/ml.

CONCLUSION:

From the results of the analysis and within the limitations of the study.It can be concluded that
the role of exercise induced endogenous serotonin may act as the regulator of wnt/3-catenin

signaling in lung cancer cells. The exercise may help in maintaining the equilibrium of the gene



expression by modeling Wnt/B-catenin signaling pathway and act as a protective factor in
prevention.

KEYWORDS: p-Catenin; lung cancer; exercise; serotonin ; Wnt signaling; Innovative
technique



INTRODUCTION:-

Lung cancer remains the leading cause of cancer related death worldwide. Populations with
cancer were advised to rest, recover and save energy, avoiding engaging in tiring physical
activity. Nevertheless,starting in the late 1980(1), new data progressively emerged, supporting
the notion that physical activity defined as any bodily movement produced by skeletal muscle
that results in energy expenditure and exercise may provide relevant benefits in production of
endogenous serotonin. Lung malignancies are the leading cause of cancer related death(2).
Human lung cancer cells (A549) constitute a leading cause of cancer and related mortality world
wide(3). Serotonin produces chemical nerve cells and sends signals between your nerve cells. It
is found in the digestive system too. It is made from the essential amino acid tryptophan(4).
Serotonin stabilises our mood and feeling of well being, happiness and hormones impacts your
entire body and enables brain cells and other nervous systems to help in sleeping,eating and

digestion(5).

Physical activity and exercise are non pharmacological methods that have been shown to
improve quality of life and it gives results for the population with lung cancer. P with lung cancer
frequently do not present sufficient levels of physical activity and exercise and these can
contribute to quality of life. There is no specific exercise and guidelines for the population with
lung cancer are available(6)(7). Cell viability MTT are functions to test cell viability and
decreased percentage of cells denote the protective role of test compounds against cancer
cells. Wnt are regulated cell growth and increase in gene expression favours cancer cell
proliferation. Beta catenin aids cell-cell adhesion increase in gene expression favours cancer
cell proliferation. Caspase 3 mRNA is an apoptosis gene and increase in gene expression
reduces the cancer cells. The experiences from our previous studies (8) (9,10)
(9)(11)(12)(13)(14)(12,14)(15)(16) (17) have led us to focus on the current topic.Our team has
extensive knowledge and research experience that has translate into high quality publications
(18-25),(26),(27),(28),(29,30),(31),(32),(33-37) Thus, the aim of the study is to analyze the
chemotherapeutic potential of endogenous serotonin replica in lung cancer prevention and

prognosis in lung cancer cell line.

MATERIAL AND METHODS:

This is an in vitro - experimental study conducted in a private dental college and hospitals, in

chennai. The study is approved by the institutional review board.

PROCEDURE
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Serotonin dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Sigma Chemical Pvt Ltd, USA. Trypsin-EDTA, fetal
bovine serum (FBS), antibiotics-antimycotics, RPMI 1640 medium and phosphate buffered
saline (PBS) were purchased from Gibco, Canada. (5,5,6,6-tetrachloro-1,1,3,3 -
tetraethylbenzimidazolocarbocyanine iodide) and Real Time PCR kit was purchased TAKARA
(Meadowvale Blvd, Mississauga, ON L5N 5S2, Canada).

Cell lines and cell culture

Human lung cancer cell line (A549) was purchased from the National Centre for Cell Sciences
(NCCS), Pune, India. Cells were cultured in DMEM medium (Thermo Fisher Scientific, CA,
USA) containing 10% fetal bovine serum (Thermo Fisher Scientific, CA, USA), 100 U/ml
penicillin and 100 pug/ml streptomycin (Thermo Fisher Scientific, CA, USA) at 37°C with 5% CO..

Cell viability by MTT assay

Cell viability was assayed using a modified colorimetric technique that is based on the ability of
liver cells to convert MTT, a tetrazolium compound into purple formazan crystals by
mitochondrial reductases (Mosmann, 1983). Briefly, A549 lung cancer cells (1 x10*well) were
exposed to different concentrations of serotonin (100, 200 and 400uM) with A549 cells for 48 h.
At the end of the treatment, 100 ul of 0.5 mg/ml MTT solution was added to each well and
incubated at 37 -C for an hour. The crystals formed were dissolved in dimethyl sulfoxide (100 pl
) and incubated in dark for an hour. Then the intensity of the color developed was assayed
using a Micro ELISA plate reader at 570 nm. The number of viable cells was expressed as the
percentage of control cells cultured in serum-free medium. Cell viability in the control medium
without any treatment was represented as 100%. The cell viability is calculated using the

formula: % cell viability = [A570 nm of treated cells/A570 nm of control cells] x 100.

Gene expression analysis by Real Time-PCR

Samples from each group were submerged in 2 ml Trizol (Invitrogen, Carlsbad, CA, USA) for
RNA extraction and stored at —80°C until further processed. cDNA synthesis was performed on
2 ug RNA in a 10 pl sample volume using Superscript |l reverse transcriptase (Invitrogen) as
recommended by the manufacturer. Real-time PCR array analysis was performed in a total
volume of 20 pl including 1 pl cDNA, 10 yl gPCR Master Mix 2x (Takara, USA) and 9 pl ddH,0.
Reactions were run on an CFX96 Touch Real-Time PCR Detection System (Bio-Rad, USA)
using universal thermal cycling parameters (95°C for 5 min, 40 cycles of 15 sec at 95°C, 15 sec
at 60°C and 20 sec at 72°C; followed by a melting curve: 5 sec at 95°C, 60 sec at 60°C and

continued melting). For quality control purposes, melting curves were acquired for all samples.



The specificity of the amplification product was determined by melting curve analysis for each
primer pair. The data were analyzed by comparative CT method and the fold change is
calculated by 2-AACT method described by Schmittgen and Livak (2008) using CFX Manager
Version 2.1 (Bio Rad, USA).

Statistical analysis

The obtained data were analyzed statistically by one-way analysis of variance (ANOVA) and
Duncan's multiple range test with a computer-based software (Graph Pad Prism version 5) to
analyze the significance of individual variations among the control and experimental groups.

The significance was considered at p<0.05 level in Duncan's test.
RESULTS:
Effect of serotonin on the cell viability:

Cell viability of human lung cancer cells (A549) was determined using MTT assay administering
the different doses of serotonin. It was found to exhibit inhibition of lung cancer cells by
decreasing the percentage of viability of cancer cells in a dose dependent manner when
compared to control. It was found that maximum inhibition of cell growth was at concentration

(2-4mM/ml) used in this study when compared to control. (Figure 1)
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Fig 1: Effect of serotonin on cell viability in human A549 cells. X axis represents serotonin
concentration and Y axis represents % of cell viability. a-compared with untreated control
cells, b-compared with 1mM treated A549 cells.Statistically Significant difference is

observed in comparison with control in dose dependent manner with p< 0.05.

Effect of GSK mRNA expression on the A549 cancer cells (Fold change over control)

The mRNA expression of GSK was assessed in a dose dependent manner. The cancer cells
were significantly inhibited and it was found that there was significant reduction in mRNA
expression of GSK when compared to control at a dose of 2mM/ml. Further there was
significant reduction in MRNA expression of GSK when compared to control at a dose of

4AmM/ml. Thus the decrease in gene expression was in dose dependent manner.(Figure 2)
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Fig:2 Effect of serotonin on GSK mRNA expression in A549 cells. X axis represents
serotonin concentration, Y axis represents fold change over control. Orange colour
represents control, blue colour represents 2mM, green colour represents 4mM.
Statistically Significant difference is observed in comparison with control in dose

dependent manner with p< 0.05.
Effect of B-Catenin mRNA expression on the A549 cancer cells (Fold change over control)

The mRNA expression of B-Catenin was assessed in a dose dependent manner. The cancer
cells were significantly inhibited and it was found that there was significant reduction in mRNA
expression of B-Catenin when compared to control at a dose of 2mM/ml. Further there was
significant reduction in MRNA expression of 3-Catenin when compared to control at a dose of
4mM/ml. Thus the decrease in gene expression was in dose dependent manner. (Figure 3)
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Fig 3:Effect of serotonin on B-catenin mMRNA expression in A549 cells. X axis
represents serotonin concentration, Y axis represents fold change over
control.Orange colour represents concentration, blue colour represents 2mM, green
colour represents 4mM. A-compared with untreated control cells. B-compared with 2mM
serotonin treated cells. Statistically significant difference is observed in comparison with

control in dose dependent manner with p<0.05.

Effect of Wnt mRNA expression on the A549 cancer cells (Fold change over control)

The mRNA expression of Wnt was assessed in a dose dependent manner. The cancer cells
were significantly inhibited and it was found that there was significant reduction in mRNA
expression of Wnt when compared to control at a dose of 2mM/ml. Further there was significant
reduction in mMRNA expression of Wnt when compared to control at a dose of 4mM/ml. Thus the

decrease in gene expression was in dose dependent manner. (Figure 4)
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Fig: 4 Effect of serotonin on Wnt mRNA expression in A549 cells. X axis represents
serotonin concentration, Y axis represents fold change over control.Orange colour
represents concentration, blue colour represents 2mM, green colour represents 4mM.
Statistically significant difference is observed in comparison with control in dose

dependent manner with p<0.05.

DISCUSSION:

The results of the present study may act as supporting evidence to the context that exercise
induced endogenous serotonin may act as a proactive compound against lung cancer cell
progression. Understanding these types of interaction was used to design more selective and
effective inhibitors. From this study, we confirmed that serotonin might act as a regulator for
Whnt/beta catenin signaling pathway in lung cancer. The function of beta catenin is to aid cell to
cell adhesion and increases the survival of cancer cells. Serotonin that is secreted
endogenously as a result of chronic exercise practice may aid in regulating the m RNA gene
expression of Beta catenin by reducing its expression in cancer cells there by reduces the

cancer cell survival. (Fig 1,2,3,4)

As the function of WNT is to regulate cell growth, from that concentration level of serotonin
increases level by level, it will decrease mMRNA gene expression of cancer cell proliferation level
of beta catenin which is compared to that signaling is initiated by the secreted wnt proteins(38),
which bind to a class of seven pass transmembrane receptors encoded by the frizzled genes,
activation of the receptor leads to the phosphorylation of the dishevelled protein which, through
its association with axin, prevents glycogen synthase kinase from phosphorylating critical

substrate. Catherine L Granger et al in the year 2017 announced that however we underscore
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the significance of actual exercise in different clinical conditions the proof isn't in any case
changed into the clinical practice because of a few boundaries. The authorr tended to the
patient-level elements like stationary way of life, natural variables to be considered to distinguish
individualized exercise remedy that can help in the regulation of cellular breakdown in the
lungs.(39)

These results of the various studies emphasize the importance of the dosage of exercise in
regulating the apoptotic signaling pathway. Vigorous exercise induces oxidative stress which in
turn may attenuate the upregulation of GSK(40), whereas moderate exercise maintains the
oxidant and antioxidant level in equilibrium which may down regulate the GSK gene
expression(41). The results of the current study evidence the dose-dependent response of
apoptotic signaling pathway on the induction of serotonin. The limitation of the study includes
less sample size and in future the study can be carried out with more cell interaction in human

models as a large scale study to make the context evident.

CONCLUSION:

From the results of the analysis and within the limitations of the study, It can be concluded that
the role of exercise induced endogenous serotonin may act as the regulator of wnt/$-catenin
signaling in lung cancer cells. The exercise may help in maintaining the equilibrium of the gene
expression by modeling Wnt/B-catenin signaling pathway and act as a protective factor in

prevention.

Acknowledgment :

We thank Saveetha Dental College for their support in successful completion of the study.

Conflict of interest :

The authors declare no conflict of interest

SOURCE OF FUNDING :

The present study was supported by the following agencies


https://paperpile.com/c/rMCfJm/lI9A
https://paperpile.com/c/rMCfJm/2yc2
https://paperpile.com/c/rMCfJm/4xke

e Saveetha Dental College,
e Saveetha Institute of Medical and Technical Science,
e Saveetha University

e Balakrishna Nursery and Primary School, Kattupakkam

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this
research are commonly and predominantly use products in our area of research and
country. There is absolutely no conflict of interest between the authors and producers of
the products because we do not intend to use these products as an avenue for any
litigation but for the advancement of knowledge. Also, the research was not funded by the

producing company rather it was funded by personal efforts of the authors

REFERENCE:

1. Winningham ML, MacVicar MG, Burke CA. Exercise for Cancer Patients: Guidelines and
Precautions. Phys Sportsmed. 1986 Oct;14(10):125-34.

2. Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio M, et al. Cancer incidence
and mortality patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018.
Eur J Cancer. 2018 Nov;103:356-87.

3. Holmes MD, Chen WY, Feskanich D, Kroenke CH, Colditz GA. Physical activity and
survival after breast cancer diagnosis. JAMA. 2005 May 25;293(20):2479-86.

4. Haan J. Faculty Opinions recommendation of Triptans, serotonin agonists, and serotonin
syndrome (serotonin toxicity): a review [Internet]. Faculty Opinions — Post-Publication Peer
Review of the Biomedical Literature. 2010. Available from:
http://dx.doi.org/10.3410/f.2377956.2007054

5. Xie H, Krishnan S. Abstract 1327: Gold nanorods based hypoxia-targeted photothermal
cancer therapy [Internet]. Cancer Chemistry. 2016. Available from:
http://dx.doi.org/10.1158/1538-7445.am2016-1327

6. Edbrooke L, Aranda S, Granger CL, McDonald CF, Krishnasamy M, Mileshkin L, et al.
Benefits of home-based multidisciplinary exercise and supportive care in inoperable non-
small cell lung cancer - protocol for a phase Il randomised controlled trial. BMC Cancer.
2017 Sep 29;17(1):663.

7. McCredie M, Paul C, Skegg DCG, Williams S. Reproductive factors and breast cancer in
New Zealand [Internet]. Vol. 76, International Journal of Cancer. 1998. p. 182-8. Available
from: http://dx.doi.org/10.1002/(sici)1097-0215(19980413)76:2<182::aid-ijc3>3.0.c0;2-t


http://paperpile.com/b/rMCfJm/bGJ5
http://paperpile.com/b/rMCfJm/bGJ5
http://paperpile.com/b/rMCfJm/JE7m
http://paperpile.com/b/rMCfJm/JE7m
http://paperpile.com/b/rMCfJm/JE7m
http://paperpile.com/b/rMCfJm/uYNi
http://paperpile.com/b/rMCfJm/uYNi
http://paperpile.com/b/rMCfJm/2Z51
http://paperpile.com/b/rMCfJm/2Z51
http://paperpile.com/b/rMCfJm/2Z51
http://paperpile.com/b/rMCfJm/2Z51
http://paperpile.com/b/rMCfJm/2Z51
http://paperpile.com/b/rMCfJm/gUpg
http://paperpile.com/b/rMCfJm/gUpg
http://paperpile.com/b/rMCfJm/gUpg
http://paperpile.com/b/rMCfJm/gUpg
http://paperpile.com/b/rMCfJm/LcOc
http://paperpile.com/b/rMCfJm/LcOc
http://paperpile.com/b/rMCfJm/LcOc
http://paperpile.com/b/rMCfJm/LcOc
http://paperpile.com/b/rMCfJm/Nqzt
http://paperpile.com/b/rMCfJm/Nqzt
http://paperpile.com/b/rMCfJm/Nqzt
http://paperpile.com/b/rMCfJm/Nqzt

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shruthi M, Preetha S. Effect of Simple Tongue Exercises in Habitual Snorers [Internet]. Vol.
11, Research Journal of Pharmacy and Technology. 2018. p. 3614. Available from:
http://dx.doi.org/10.5958/0974-360x.2018.00665.0

Preetha S, Packyanathan J. Comparison of the effect of Yoga, Zumba and Aerobics in
controlling blood pressure in the Indian population [Internet]. Vol. 9, Journal of Family
Medicine and Primary Care. 2020. p. 547. Available from:
http://dx.doi.org/10.4103/jffmpc.jfmpc_607_19

J SK, Saveetha Dental College and Hospitals, Road PH, Chennai, Tamilnadu, Preetha S,
et al. Effect of aerobics exercise and yoga on blood pressure in hypertensives [Internet].
Vol. 6, International Journal of Current Advanced Research. 2017. p. 3124—6. Available
from: http://dx.doi.org/10.24327/ijcar.2017.3126.0200

Prathap L, Suganthirababu P, Ganesan D. Fluctuating Asymmetry of Dermatoglyphics and
DNA Polymorphism in Breast Cancer Population [Internet]. Vol. 10, Indian Journal of Public
Health Research &  Development. 2019. p. 3574.  Available  from:
http://dx.doi.org/10.5958/0976-5506.2019.04141.x

Lavanya J, Prathap S, Alagesan J. Digital and palmar dermal ridge patterns in population
with breast carcinoma. Biomedicine. 2014 Jul 1;34(3):315-21.

Prathap L, Jagadeesan V. Association of quantitative and qualitative dermatoglyphic
variable and DNA polymorphism in female breast cancer population. Online J Health
[Internet]. 2017; Available from:
https://www.researchgate.net/profile/Prathap_Suganthirababu/publication/321606278_ Asso
ciation_of Quantitative_and_Qualitative_Dermatoglyphic_Variable_and_DNA_Polymorphis
m_in_Female_Breast Cancer_Population/links/5a28c8fla6fdcc8e8671cOcd/Association-of-
Quantitative-and-Qualitative-Dermatoglyphic-Variable-and-DNA-Polymorphism-in-Female-
Breast-Cancer-Population.pdf

Lavanya J, Kumar VJ, Sudhakar N, Prathap S. Analysis of DNA repair genetic
polymorphism in breast cancer population. Int J Pharma Bio Sci [Internet]. 2015; Available
from:
https://scholar.google.ca/scholar?cluster=8949053652564257518&hl=en&as_sdt=0,5&scio
dt=0,5

Prathap L, Suganthirababu P. Estrogen Exposure and its Influence in DNA Repair Genetic
Variants in Breast Cancer Population [Internet]. Vol. 13, Biomedical and Pharmacology
Journal. 2020. p. 1321-7. Available from: http://dx.doi.org/10.13005/bpj/2001

Ravikumar H, Prathap L, Preetha S. ANALYSIS OF PALMAR ATD ANGLE IN
POPULATION WITH MALOCCLUSION. 2020 Jan 1;1174-82.

Prathap L. INTERPLAY OF OXIDATIVE STRESS AND LIPOPROTEINS IN BREAST
CARCINOMA INITIATION, PROMOTION AND PROGRESSION -A SYSTEMATIC
REVIEW. PalArch’s Journal of Archaeology of Egypt/ Egyptology [Internet]. 2021 Jan 7
[cited 2021 Mar 9];17(7). Available from: http://dx.doi.org/

Sekar D, Lakshmanan G, Mani P, Biruntha M. Methylation-dependent circulating microRNA
510 in preeclampsia patients. Hypertens Res. 2019 Oct;42(10):1647-8.

Princeton B, Santhakumar P, Prathap L. Awareness on Preventive Measures taken by
Health Care Professionals Attending COVID-19 Patients among Dental Students. Eur J
Dent. 2020 Dec;14(S 01):S105-9.

Logeshwari R, Rama Parvathy L. Generating logistic chaotic sequence using geometric
pattern to decompose and recombine the pixel values. Multimed Tools Appl. 2020
Aug;79(31-32):22375-88.


http://paperpile.com/b/rMCfJm/Quk1y
http://paperpile.com/b/rMCfJm/Quk1y
http://paperpile.com/b/rMCfJm/Quk1y
http://paperpile.com/b/rMCfJm/Quk1y
http://paperpile.com/b/rMCfJm/LAaWP
http://paperpile.com/b/rMCfJm/LAaWP
http://paperpile.com/b/rMCfJm/LAaWP
http://paperpile.com/b/rMCfJm/LAaWP
http://paperpile.com/b/rMCfJm/LAaWP
http://paperpile.com/b/rMCfJm/GC01l
http://paperpile.com/b/rMCfJm/GC01l
http://paperpile.com/b/rMCfJm/GC01l
http://paperpile.com/b/rMCfJm/GC01l
http://paperpile.com/b/rMCfJm/GC01l
http://paperpile.com/b/rMCfJm/hFg0V
http://paperpile.com/b/rMCfJm/hFg0V
http://paperpile.com/b/rMCfJm/hFg0V
http://paperpile.com/b/rMCfJm/hFg0V
http://paperpile.com/b/rMCfJm/hFg0V
http://paperpile.com/b/rMCfJm/qm7cy
http://paperpile.com/b/rMCfJm/qm7cy
http://paperpile.com/b/rMCfJm/GlYc6
http://paperpile.com/b/rMCfJm/GlYc6
http://paperpile.com/b/rMCfJm/GlYc6
http://paperpile.com/b/rMCfJm/GlYc6
http://paperpile.com/b/rMCfJm/GlYc6
http://paperpile.com/b/rMCfJm/eXEvL
http://paperpile.com/b/rMCfJm/eXEvL
http://paperpile.com/b/rMCfJm/eXEvL
http://paperpile.com/b/rMCfJm/eXEvL
http://paperpile.com/b/rMCfJm/eXEvL
http://paperpile.com/b/rMCfJm/Xx6P5
http://paperpile.com/b/rMCfJm/Xx6P5
http://paperpile.com/b/rMCfJm/Xx6P5
http://paperpile.com/b/rMCfJm/Xx6P5
http://paperpile.com/b/rMCfJm/mODs4
http://paperpile.com/b/rMCfJm/mODs4
http://paperpile.com/b/rMCfJm/TQmsK
http://paperpile.com/b/rMCfJm/TQmsK
http://paperpile.com/b/rMCfJm/TQmsK
http://paperpile.com/b/rMCfJm/TQmsK
http://paperpile.com/b/rMCfJm/TQmsK
http://paperpile.com/b/rMCfJm/rL2ev
http://paperpile.com/b/rMCfJm/rL2ev
http://paperpile.com/b/rMCfJm/IwGAE
http://paperpile.com/b/rMCfJm/IwGAE
http://paperpile.com/b/rMCfJm/IwGAE
http://paperpile.com/b/rMCfJm/iJzXG
http://paperpile.com/b/rMCfJm/iJzXG
http://paperpile.com/b/rMCfJm/iJzXG

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Johnson J, Lakshmanan G, M B, R M V, Kalimuthu K, Sekar D. Computational identification
of MiRNA-7110 from pulmonary arterial hypertension (PAH) ESTs: a new microRNA that
links diabetes and PAH. Hypertens Res. 2020 Apr;43(4):360-2.

Paramasivam A, Priyadharsini JV, Raghunandhakumar S, Elumalai P. A novel COVID-19
and its effects on cardiovascular disease. Hypertens Res. 2020 Jul;43(7):729-30.

Pujari GRS, Subramanian V, Rao SR. Effects of Celastrus paniculatus Willd. and Sida
cordifolia Linn. in Kainic Acid Induced Hippocampus Damage in Rats. Ind J Pharm Educ.
2019 Jul 3;53(3):537-44.

Rajkumar KV, Lakshmanan G, Sekar D. Identification of miR-802-5p and its involvement in
type 2 diabetes mellitus. World J Diabetes. 2020 Dec 15;11(12):567-71.

Ravisankar R, Jayaprakash P, Eswaran P, Mohanraj K, Vinitha G, Pichumani M. Synthesis,
growth, optical and third-order nonlinear optical properties of glycine sodium nitrate single
crystal for photonic device applications. J Mater Sci: Mater Electron. 2020
Oct;31(20):17320-31.

Wu S, Rajeshkumar S, Madasamy M, Mahendran V. Green synthesis of copper
nanoparticles using Cissus vitiginea and its antioxidant and antibacterial activity against
urinary tract infection pathogens. Artif Cells Nanomed Biotechnol. 2020 Dec;48(1):1153-8.

Vikneshan M, Saravanakumar R, Mangaiyarkarasi R, Rajeshkumar S, Samuel SR,
Suganya M, et al. Algal biomass as a source for novel oral nano-antimicrobial agent. Saudi
J Biol Sci. 2020 Dec;27(12):3753-8.

Alharbi KS, Fuloria NK, Fuloria S, Rahman SB, Al-Malki WH, Javed Shaikh MA, et al.
Nuclear factor-kappa B and its role in inflammatory lung disease. Chem Biol Interact. 2021
Aug 25;345:109568.

Rao SK, Kalai Priya A, Manjunath Kamath S, Karthick P, Renganathan B, Anuraj S, et al.
Unequivocal evidence of enhanced room temperature sensing properties of clad modified
Nd doped mullite Bi2Fe409 in fiber optic gas sensor [Internet]. Vol. 838, Journal of Alloys
and Compounds. 2020. p. 155603. Available from:
http://dx.doi.org/10.1016/j.jallcom.2020.155603

Bhavikatti SK, Karobari MI, Zainuddin SLA, Marya A, Nadaf SJ, Sawant VJ, et al.
Investigating the Antioxidant and Cytocompatibility of Mimusops elengi Linn Extract over
Human Gingival Fibroblast Cells. Int J Environ Res Public Health [Internet]. 2021 Jul
4,;18(13). Available from: http://dx.doi.org/10.3390/ijerph18137162

Marya A, Karobari Ml, Selvaraj S, Adil AH, Assiry AA, Rabaan AA, et al. Risk Perception of
SARS-CoV-2 Infection and Implementation of Various Protective Measures by Dentists
Across Various Countries. Int J Environ Res Public Health [Internet]. 2021 May 29;18(11).
Available from: http://dx.doi.org/10.3390/ijerph18115848

Barma MD, Muthupandiyan I, Samuel SR, Amaechi BT. Inhibition of Streptococcus mutans,
antioxidant property and cytotoxicity of novel nano-zinc oxide varnish. Arch Oral Biol. 2021
Jun;126:105132.

Vijayashree Priyadharsini J. In silico validation of the non-antibiotic drugs acetaminophen
and ibuprofen as antibacterial agents against red complex pathogens. J Periodontol. 2019
Dec;90(12):1441-8.

Priyadharsini JV, Vijayashree Priyadharsini J, Smiline Girija AS, Paramasivam A. In silico
analysis of virulence genes in an emerging dental pathogen A. baumannii and related
species [Internet]. Vol. 94, Archives of Oral Biology. 2018. p. 93-8. Available from:
http://dx.doi.org/10.1016/j.archoralbio.2018.07.001


http://paperpile.com/b/rMCfJm/cmlPq
http://paperpile.com/b/rMCfJm/cmlPq
http://paperpile.com/b/rMCfJm/cmlPq
http://paperpile.com/b/rMCfJm/L4ky8
http://paperpile.com/b/rMCfJm/L4ky8
http://paperpile.com/b/rMCfJm/wKKDA
http://paperpile.com/b/rMCfJm/wKKDA
http://paperpile.com/b/rMCfJm/wKKDA
http://paperpile.com/b/rMCfJm/g1tJe
http://paperpile.com/b/rMCfJm/g1tJe
http://paperpile.com/b/rMCfJm/6eSKv
http://paperpile.com/b/rMCfJm/6eSKv
http://paperpile.com/b/rMCfJm/6eSKv
http://paperpile.com/b/rMCfJm/6eSKv
http://paperpile.com/b/rMCfJm/BCkR4
http://paperpile.com/b/rMCfJm/BCkR4
http://paperpile.com/b/rMCfJm/BCkR4
http://paperpile.com/b/rMCfJm/LPqsi
http://paperpile.com/b/rMCfJm/LPqsi
http://paperpile.com/b/rMCfJm/LPqsi
http://paperpile.com/b/rMCfJm/nSOrw
http://paperpile.com/b/rMCfJm/nSOrw
http://paperpile.com/b/rMCfJm/nSOrw
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/Nd1CV
http://paperpile.com/b/rMCfJm/GOMYq
http://paperpile.com/b/rMCfJm/GOMYq
http://paperpile.com/b/rMCfJm/GOMYq
http://paperpile.com/b/rMCfJm/GOMYq
http://paperpile.com/b/rMCfJm/GOMYq
http://paperpile.com/b/rMCfJm/wmhXr
http://paperpile.com/b/rMCfJm/wmhXr
http://paperpile.com/b/rMCfJm/wmhXr
http://paperpile.com/b/rMCfJm/wmhXr
http://paperpile.com/b/rMCfJm/wmhXr
http://paperpile.com/b/rMCfJm/VtKEf
http://paperpile.com/b/rMCfJm/VtKEf
http://paperpile.com/b/rMCfJm/VtKEf
http://paperpile.com/b/rMCfJm/Q5WJo
http://paperpile.com/b/rMCfJm/Q5WJo
http://paperpile.com/b/rMCfJm/Q5WJo
http://paperpile.com/b/rMCfJm/coqdW
http://paperpile.com/b/rMCfJm/coqdW
http://paperpile.com/b/rMCfJm/coqdW
http://paperpile.com/b/rMCfJm/coqdW
http://paperpile.com/b/rMCfJm/coqdW

35.

36.

37.

38.

39.

40.

41.

Uma Maheswari TN, Nivedhitha MS, Ramani P. Expression profile of salivary micro RNA-
21 and 31 in oral potentially malignant disorders. Braz Oral Res. 2020 Feb 10;34:e002.

Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the Maximum Occlusal
Bite Force and its Relation to the Caries Spectrum of First Permanent Molars in Early
Permanent Dentition. J Clin Pediatr Dent. 2020 Dec 1;44(6):423-8.

Chaturvedula BB, Muthukrishnan A, Bhuvaraghan A, Sandler J, Thiruvenkatachari B. Dens
invaginatus: a review and orthodontic implications. Br Dent J. 2021 Mar;230(6):345-50.

Nusse R. Abstract IAO1: Wnt signaling stem cell control and cancer [Internet]. Signaling
Pathways: Wnt. 2016. Available from: http://dx.doi.org/10.1158/1557-3125.devbiolcal5-
ia01

Granger CL, Connolly B, Denehy L, Hart N, Antippa P, Lin K-Y, et al. Understanding factors
influencing physical activity and exercise in lung cancer: a systematic review. Support Care
Cancer. 2017 Mar;25(3):983—-99.

Institute NC, National Cancer Institute. MAGE-A3-specific Immunotherapeutic GSK
2132231A [Internet]. Definitions. 2020. Available from: http://dx.doi.org/10.32388/ptadun

Ahmed T. GSK Signs Cancer Deal with SuperGen [Internet]. Vol. 2009, PharmaDeals
Review. 2009. Available from: http://dx.doi.org/10.3833/pdr.v2009i10.1263


http://paperpile.com/b/rMCfJm/PbLpn
http://paperpile.com/b/rMCfJm/PbLpn
http://paperpile.com/b/rMCfJm/j0HtU
http://paperpile.com/b/rMCfJm/j0HtU
http://paperpile.com/b/rMCfJm/j0HtU
http://paperpile.com/b/rMCfJm/alNLc
http://paperpile.com/b/rMCfJm/alNLc
http://paperpile.com/b/rMCfJm/ppBR
http://paperpile.com/b/rMCfJm/ppBR
http://paperpile.com/b/rMCfJm/ppBR
http://paperpile.com/b/rMCfJm/lI9A
http://paperpile.com/b/rMCfJm/lI9A
http://paperpile.com/b/rMCfJm/lI9A
http://paperpile.com/b/rMCfJm/2yc2
http://paperpile.com/b/rMCfJm/2yc2
http://paperpile.com/b/rMCfJm/2yc2
http://paperpile.com/b/rMCfJm/4xke
http://paperpile.com/b/rMCfJm/4xke
http://paperpile.com/b/rMCfJm/4xke

