ANTI MICROBIAL ACTIVITY OF MUSA SAPIENTUM MEDIATED COPPER
NANOPARTICLE AGAINST ORAL PATHOGENS - AN INVITRO STUDY

ABSTRACT

BACKGROUND: Musa sapientum is a useful medicinal plant from the Musaceae family.
Copper nanoparticles with a high surface to volume ratio can also be used as antifungal and
antibacterial agents. The aim of the study is to access the antimicrobial activity of musa
sapientum mediated copper nanoparticle against oral pathogens

MATERIALS AND METHOD: Plant extract was prepared by 1g of musa, was weighed
aseptically and then dissolved in 100ml of distilled water. Then the solution is boiled for about 5
minutes at a temperature of about 60-80 degree Celsius and then allowed to cool down followed
by filtration of extract. The copper solution was prepared by dissolving 20 millimolar of copper
sulphate in 80ml of distilled water followed by 20ml of plant extract and then the mixture is
placed in the shaker for the synthesis and then allowed to mix for about 1 hour then the first
reading was taken using UV spectrum and noted down. Antimicrobial activity was done against
the strain of S. aureus, S. mutans, E. faecalis. Muller Hinton agar was utilised for this activity to
determine the zone of inhibition different concentrations were loaded in the plates and incubated
for 24 hrs 37 degree celsius after the incubation time the zone of inhibition was measured.
Antifungal activity of zinc oxide nanoparticles was done against the strain Candida Albicans.
RESULT: For the study, descriptive statistics was used. For 100uL concentration 11mm zone of
inhibition was seen when compared to the standard drug Amoxyrite which had a zone of
inhibition of 36mm, which means that the antimicrobial activity was low in case of E. Faecalis.
In C.Albicans, at 100uL concentration 14mm zone of inhibition was seen, but the standard
fluconazole had only a zone of inhibition of 10mm, which means antimicrobial activity was good
in case of C. albicans which showed more zone of inhibition. For S.aureus, at 100uL 13mm zone
of inhibition was seen, the standard value showed 28mm zone of inhibition which means there is

less zone of inhibition when compared to standard drug. For S. mutans, at 100uL concentration



18mm zone of inhibition was seen and when compared to the standard value which was 23mm
which showed poor antimicrobial activity.

CONCLUSION: The research concludes that musa sapientum mediated copper nanoparticles
showed a moderate antimicrobial activity against the pathogens Streptococcus mutans,
Staphylococcus aureus, Enterococcus faecalis and Candida albicans.

KEYWORDS: musa sapientum, oral pathogens, copper nanoparticles, green synthesis,
antimicrobial activity

INTRODUCTION

Musa sapientum var. sylvesteris is a useful medicinal plant from the Musaceae family.
Bangladesh has a large population of this plant. Bananas are commonly eaten as a dessert,
cooked as a vegetable or converted into a variety of confections(1). The leaves are used to
bandage cuts, blisters, and ulcers by the tribals of India's Western Ghats. The Musa genus
contains a wide range of taxa, each with its own set of pharmacological investigations. In rats,
the banana plantain has been proven to have ulcer-healing properties(2). They concluded that
wound healing was aided by the antioxidant action of plantain bananas as well as many wound
healing biochemical parameters. In normal and non-insulin-dependent diabetic mellitus rats,
methanolic extract of M. sapientum var. paradisiaca displayed antiulcer and mucosal defence
properties(3). The extract's ulcer-protective activity could be owing to its major effect on
mucosal glycoprotein, cell proliferation, free radicals, and antioxidant systems, according to the
researchers. Through its primary effect on numerous mucosal defensive variables, studies with
the plantain banana (M. sapientum var. paradisiaca) have suggested its ulcer protecting and
healing activities, and they concluded that its antioxidant activity may be implicated in its ulcer
protective action. It is a remedy for a variety of ailments, including diarrhea, wounds, stomach
ulcers, diabetes, heartburn, inflammation, and more. Banana is one of the most nutritious fruits
that provides valuable health benefits to the body. Bananas are more nutrient-dense than apples
in comparison. It is high in potassium, has five times the amount of vitamin A and iron, two

times the amount of carbs, and three times the amount of calcium(4).

Nanoparticles (NPs) have a lot of catalytic activity, which is useful for chemical processes in
both industry and research purposes(5). Energy conversion and storage, chemical manufacture,

biological applications, and environmental technologies are just a few of the sectors where NPs
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are used.(6) The enormous interest in catalysis utilising nanomaterials has driven the synthesis
and analysis of varied highly functionalized NPs, including graphene-based catalysts,
nanocarbon catalysts, core/shell nanocatalysts, magnetite-supported nanocatalysts, integrated
nanocatalysts, and also various metal nanostructures(7). Rapid advances in synthetic techniques
have permitted the synthesis of NPs with customizable compositions, forms, sizes, and
structures, either on their own or supported on other materials, facilitating the study of these

systems.(8)

Cu NPs are particularly appealing due to copper's abundant natural supply and low cost, as well
as the numerous practical and simple approaches to make Cu-based nanomaterials. Despite the
extensive history of bulk Cu uses in a variety of sectors, the usage of Cu NPs is limited due to
Cu's inherent instability under air settings, which makes it susceptible to oxidation(9). Many
efforts to develop methods and supporting materials that boost the stability of Cu NPs by
modifying their sensitivity to oxygen, water, and other chemical entities have prompted the
development of more complex Cu-based NPs, such as core/shell Cu NPs or copper oxide
systems. Copper nanoparticles have properties that are not seen in commercial copper, such as
catalytic and antifungal/antibacterial activity. To begin with, copper nanoparticles have a very
high catalytic activity, which is related to their huge catalytic surface area(10). When used as
reagents in organic and organometallic synthesis, nanoparticles have a better reaction yield and a
quicker reaction time due to their tiny size and high porosity. Copper nanoparticles with a high
surface to volume ratio can also be used as antifungal and antibacterial agents(11). Their
antibacterial activity is triggered by their intimate contact with microbial membranes and the
metal ions they release into solutions. Cupric ions are released from nanoparticles when they
slowly oxidise in liquids, and when the lipid membrane is adjacent, they can form harmful
hydroxyl free radicals. The free radicals then use oxidation to break down lipids in cell
membranes, causing the membranes to degenerate. As a result, intracellular chemicals leak out of
cells due to degraded membranes; cells are no longer able to function. Finally the alterations
caused by the free radicals cause cell death(12). The main aim of the study was to evaluate the
antimicrobial activity of musa sapientum mediated copper nanoparticles against oral pathogens.
MATERIALS AND METHODS

PREPARATION OF PLANT EXTRACT
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1g of musa was weighed aseptically and then dissolved in 100ml of distilled water. Then the
solution is boiled for about 5 minutes at a temperature of about 60-80 degree Celsius and then

allowed to cool down followed by filtration of extract.

PREPARATION OF NANOPARTICLE

The copper solution was prepared by dissolving 20 millimolar of copper sulphate in 80ml of
distilled water followed by 20ml of plant extract. Then the mixture is placed in the shaker for the
synthesis and then allowed to mix for about 1 hour then the first reading was taken using UV
spectrum and noted down and then again the extract was placed in the shaker for 1 hr and the

second set of readings were taken.

ANTIMICROBIAL ACTIVITY

Antimicrobial activity was done against the strain of S. aureus, S. mutans, E. faecalis. Muller
Hinton agar was utilised for this activity to determine the zone of inhibition different
concentrations were loaded in the plates and incubated for 24 hrs 37 degree celsius after the
incubation time the zone of inhibition was measured. Antifungal activity of zinc oxide
nanoparticles was done against the strain Candida Albicans. Sabouraud's Dextrose Agar was
used to prepare the medium; the plates were incubated at 28°C for 48 to 72 hours and after the

incubation time the zone of inhibition was measured.



Figure 1 - It shows musa sapientum mediated copper nanoparticles

Figure 2 - It shows the zone of inhibition of Candida Albicans which was loaded with different
concentrations of musa sapientum mediated copper nanoparticles to check the antimicrobial
activity.



Figure 3 - It shows the zone of inhibition of E faecalis, which was loaded with different
concentrations of musa sapientum mediated copper nanoparticles to check the antimicrobial
activity.

Figure 4 - It shows the zone of inhibition of S.mutans, which was loaded with different
concentrations of musa sapientum mediated copper nanoparticles to check the antimicrobial

activity.



Figure 5 - It shows the zone of inhibition of S.aureus, which was loaded with different
concentrations of musa sapientum mediated copper nanoparticles to check the antimicrobial

activity.

RESULTS

For the study, descriptive statistics was used. For 25uL concentration 10mm zone of inhibition
was seen in E.faecalis group, at 50ulL concentration also 10mm zone of inhibition was seen, in
100pL concentration 11mm zone of inhibition was seen when compared to the standard drug
Amoxyrite which had a zone of inhibition of 36mm, which means that the antimicrobial activity
was low in case of E. Faecalis. In C.Albicans, for 25uLl. concentration 10mm zone of inhibition
was seen, at S0uL concentration 10mm, at 100uL concentration 14mm zone of inhibition was
seen, but the standard fluconazole had only a zone of inhibition of 10mm, which means
antimicrobial activity was good in case of C. albicans which showed more zone of inhibition. For
S.aureus, at 25pul. concentration 10 mm zone of inhibition was seen, at S50ulL concentration
13mm zone of inhibition was seen , at 100uL 13mm zone of inhibition was seen, the standard
value showed 28mm zone of inhibition which means there is less zone of inhibition when
compared standard drug. For S. mutans, for 25uL concentration 10mm zone of inhibition was

seen, at SOuL concentration 10mm zone of inhibition was seen, for 100uL concentration 18mm



zone of inhibition was seen and when compared to the standard value which was 23mm which
showed poor antimicrobial activity. (Table 1 and figure 6)
Table 1- Antimicrobial activity of musa sapientum mediated copper nanoparticles against

different microorganisms at different concentrations.

Organism 25uLL 50uL 100pL Ab
E. Faecalis 10mm 10mm 11mm 36mm
C. Albicans 10mm 10mm 14mm 10mm
S. aureus 10mm 13mm 13mm 28mm
S. mutans 10mm 10mm 18mm 23mm
Antimicrobial Activity
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Figure 6 - Graph shows the Antimicrobial activity of musa sapientum mediated copper
nanoparticles against different microorganisms at different concentrations. The standard used
here is Fluconazole for C Albicans and Amoxyrite is the standard drug used for the rest of the
bacteria. The X axis depicts the various concentrations of musa sapientum mediated copper
nanoparticles while the Y axis depicts the zone of inhibition. Blue colour depicts E. Faecalis,

orange colour depicts C. Albicans, Yellow colour depicts S.Aureus and green colour depicts



S.mutans. Values are compared with the standard values and the zone of inhibition is measured.
Thus as the concentration increases the zone of inhibition also increases.

DISCUSSION

A study by Ahmad et al proved that the methanolic extract of the musa sapientum showed a good
antimicrobial activity against both gram positive and negative bacteria as it showed a increase in
zone of inhibition when compared to its standard drug which was kanamycin.(16) Several studies
have been conducted for checking the antimicrobial activity of copper nanoparticles; one such
study of different microbial cultures that were performed in the presence of nanoparticles to
observe their effect on the growth profile(17). The study showed that silver and copper
nanoparticles had great promise as antimicrobial agents against E. coli, B. subtilis and S. aureus.
MIC, MBC and disk diffusion tests suggested that for all cultures of E. coli and S. aureus, the
antimicrobial action of the sil- ver nanoparticles were superior. Although an oxide layer was
formed on the copper nanoparticles, these nanoparticles demonstrated better antimicrobial
activity towards B. subtilis.

Our team has extensive knowledge and research experience that has translated into high quality
publications(18-30),(31-35),(36),(37). From the study, it can be seen that musa sapientum
mediated copper nanoparticles showed a good antimicrobial activity. The availability of copper
has made it a better choice to work with, because it shares properties similar to those of other
expensive noble metals, including silver and gold. The choice of copper in the present research is
attributed to the above-mentioned factors; in addition, copper nanoparticles are reported to have
antimicrobial activity against a number of species of bacteria and fungi. Previous studies have
indicated that copper nanoparticles have antimicrobial activity against E. coli and
Staphylococcus Species, and similar antifungal properties were also reported. Furthermore, musa
sapientum mediated copper nanoparticles which showed a good antimicrobial activity against
Candida albicans with the highest zone of inhibition when compared with the standard
Amoxyrite, can be used as a very good antimicrobial agent(38) (39) (40) (41) (42) (43) (44) (45)
(46) (47) (48) ((48,49) (50) (51). We did not evaluate the antimicrobial effect in patients, which

can be done in future.

CONCLUSION



The research concludes that musa sapientum mediated copper nanoparticles showed a moderate
antimicrobial activity against the pathogens Streptococcus mutans, Staphylococcus aureus,

Enterococcus faecalis and Candida albicans.

e COMPETING INTERESTS DISCLAIMER:

e 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.

REFERENCES

1.  Umeh VC, Onukwu D, Adebowale EM, Thomas J. CONTROL OPTIONS FOR BANANA
WEEVIL (COSMOPOLITES SORDIDUS) AND TERMITES (MICROTERMES SPP.)
ON BANANA AND PLANTAIN (MUSA SPP.) IN NIGERIA [Internet]. Acta
Horticulturae. 2010. p. 361-6. Available from:
http://dx.doi.org/10.17660/actahortic.2010.879.38

2. Goel RK, Sairam K, Rao CV. Role of gastric antioxidant and anti-Helicobactor pylori
activities in antiulcerogenic activity of plantain banana (Musa sapientum var. paradisiaca).
Indian J Exp Biol. 2001 Jul;39(7):719-22.

3. Mohan Kumar M, Joshi MC, Prabha T, Dorababu M, Goel RK. Effect of plantain banana on
gastric ulceration in NIDDM rats: role of gastric mucosal glycoproteins, cell proliferation,
antioxidants and free radicals. Indian J Exp Biol. 2006 Apr;44(4):292-9.

4. Horigome T, Sakaguchi E, Kishimoto C. Hypocholesterolaemic effect of banana (Musa
sapientum L. var. Cavendishii) pulp in the rat fed on a cholesterol-containing diet. Br J
Nutr. 1992 Jul;68(1):231-44.

5. Senanayake SD, Stacchiola D, Rodriguez JA. Unique properties of ceria nanoparticles
supported on metals: novel inverse ceria/copper catalysts for CO oxidation and the water-
gas shift reaction. Acc Chem Res. 2013 Aug 20;46(8):1702-11.


http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/M1mT
http://paperpile.com/b/FpOkor/PdVp
http://paperpile.com/b/FpOkor/PdVp
http://paperpile.com/b/FpOkor/PdVp
http://paperpile.com/b/FpOkor/1fP8
http://paperpile.com/b/FpOkor/1fP8
http://paperpile.com/b/FpOkor/1fP8
http://paperpile.com/b/FpOkor/kl5s
http://paperpile.com/b/FpOkor/kl5s
http://paperpile.com/b/FpOkor/kl5s
http://paperpile.com/b/FpOkor/32sb
http://paperpile.com/b/FpOkor/32sb
http://paperpile.com/b/FpOkor/32sb

10.

11.

12.

13.

14.

15.

16.

17.

Bordiga S, Groppo E, Agostini G, van Bokhoven JA, Lamberti C. Reactivity of surface
species in heterogeneous catalysts probed by in situ X-ray absorption techniques. Chem
Rev. 2013 Mar 13;113(3):1736-850.

Laurent S, Forge D, Port M, Roch A, Robic C, Vander Elst L, et al. Magnetic iron oxide
nanoparticles: synthesis, stabilization, vectorization, physicochemical characterizations, and
biological applications. Chem Rev. 2008 Jun;108(6):2064-110.

Gawande MB, Shelke SN, Zboril R, Varma RS. Microwave-assisted chemistry: synthetic
applications for rapid assembly of nanomaterials and organics. Acc Chem Res. 2014 Apr
15;47(4):1338-48.

Correction to Aerobic Copper-Catalyzed Organic Reactions. Chem Rev. 2014 Jan
8;114(1):899.

Baig N, Varma R. Copper Modified Magnetic Bimetallic Nano-catalysts Ligand Regulated
Catalytic Activity [Internet]. VVol. 17, Current Organic Chemistry. 2013. p. 2227-37.
Available from: http://dx.doi.org/10.2174/13852728113179990045

Ranu BC, Dey R, Chatterjee T, Ahammed S. Copper nanoparticle-catalyzed carbon-carbon
and carbon-heteroatom bond formation with a greener perspective. ChemSusChem. 2012
Jan 9;5(1):22—44.

Amadine O, Maati H, Abdelouhadi K, Fihri A, El Kazzouli S, Len C, et al. Ceria-supported
copper nanoparticles: A highly efficient and recyclable catalyst for N-arylation of indole
[Internet]. Vol. 395, Journal of Molecular Catalysis A: Chemical. 2014. p. 409-19.
Available from: http://dx.doi.org/10.1016/j.molcata.2014.08.009

Zowalaty ME, El Zowalaty M, Ibrahim NA, Salama M, Shameli K, Usman M, et al.
Synthesis, characterization, and antimicrobial properties of copper nanoparticles [Internet].
International Journal of Nanomedicine. 2013. p. 4467. Available from:
http://dx.doi.org/10.2147/ijn.s50837

Raffi M, Mehrwan S, Bhatti TM, Akhter JI, Hameed A, Yawar W, et al. Investigations into
the antibacterial behavior of copper nanoparticles against Escherichia coli [Internet]. VVol.
60, Annals of Microbiology. 2010. p. 75-80. Available from:
http://dx.doi.org/10.1007/s13213-010-0015-6

Janardhanan R, Karuppaiah M, Hebalkar N, Rao TN. Synthesis and surface chemistry of
nano silver particles [Internet]. Vol. 28, Polyhedron. 2009. p. 2522-30. Available from:
http://dx.doi.org/10.1016/j.poly.2009.05.038

Ahmad I, Beg AZ. Antimicrobial and phytochemical studies on 45 Indian medicinal plants
against multi-drug resistant human pathogens. J Ethnopharmacol. 2001 Feb;74(2):113-23.

Pouladfar G, Jafarpour Z, Hosseini SAM, Janghorban P, Roozbeh J. Antibiotic Selective
Pressure and Development of Bacterial Resistance Detected in Bacteriuria Following
Kidney Transplantation [Internet]. VVol. 47, Transplantation Proceedings. 2015. p. 1131-5.


http://paperpile.com/b/FpOkor/S5hF
http://paperpile.com/b/FpOkor/S5hF
http://paperpile.com/b/FpOkor/S5hF
http://paperpile.com/b/FpOkor/wev0
http://paperpile.com/b/FpOkor/wev0
http://paperpile.com/b/FpOkor/wev0
http://paperpile.com/b/FpOkor/j5DP
http://paperpile.com/b/FpOkor/j5DP
http://paperpile.com/b/FpOkor/j5DP
http://paperpile.com/b/FpOkor/8vCL
http://paperpile.com/b/FpOkor/8vCL
http://paperpile.com/b/FpOkor/dGim
http://paperpile.com/b/FpOkor/dGim
http://paperpile.com/b/FpOkor/dGim
http://paperpile.com/b/FpOkor/dGim
http://paperpile.com/b/FpOkor/woA2
http://paperpile.com/b/FpOkor/woA2
http://paperpile.com/b/FpOkor/woA2
http://paperpile.com/b/FpOkor/gdKg
http://paperpile.com/b/FpOkor/gdKg
http://paperpile.com/b/FpOkor/gdKg
http://paperpile.com/b/FpOkor/gdKg
http://paperpile.com/b/FpOkor/gdKg
http://paperpile.com/b/FpOkor/Y7x4
http://paperpile.com/b/FpOkor/Y7x4
http://paperpile.com/b/FpOkor/Y7x4
http://paperpile.com/b/FpOkor/Y7x4
http://paperpile.com/b/FpOkor/Y7x4
http://paperpile.com/b/FpOkor/tF5Q
http://paperpile.com/b/FpOkor/tF5Q
http://paperpile.com/b/FpOkor/tF5Q
http://paperpile.com/b/FpOkor/tF5Q
http://paperpile.com/b/FpOkor/tF5Q
http://paperpile.com/b/FpOkor/9huY
http://paperpile.com/b/FpOkor/9huY
http://paperpile.com/b/FpOkor/9huY
http://paperpile.com/b/FpOkor/9huY
http://paperpile.com/b/FpOkor/ip20
http://paperpile.com/b/FpOkor/ip20
http://paperpile.com/b/FpOkor/I5hK
http://paperpile.com/b/FpOkor/I5hK
http://paperpile.com/b/FpOkor/I5hK

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Available from: http://dx.doi.org/10.1016/j.transproceed.2014.11.062

Ramesh A, Varghese S, Jayakumar ND, Malaiappan S. Comparative estimation of
sulfiredoxin levels between chronic periodontitis and healthy patients - A case-control
study. J Periodontol. 2018 Oct;89(10):1241-8.

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.

SG, TG, KV, Faleh A A, Sukumaran A, P N S. Development of 3D scaffolds using
nanochitosan/silk-fibroin/hyaluronic acid biomaterials for tissue engineering applications.
Int J Biol Macromol. 2018 Dec;120(Pt A):876-85.

Del Fabbro M, Karanxha L, Panda S, Bucchi C, Nadathur Doraiswamy J, Sankari M, et al.
Autologous platelet concentrates for treating periodontal infrabony defects. Cochrane
Database Syst Rev. 2018 Nov 26;11:CD011423.

Paramasivam A, Vijayashree Priyadharsini J. MitomiRs: new emerging microRNAS in
mitochondrial dysfunction and cardiovascular disease. Hypertens Res. 2020
Aug;43(8):851-3.

Jayaseelan VP, Arumugam P. Dissecting the theranostic potential of exosomes in
autoimmune disorders. Cell Mol Immunol. 2019 Dec;16(12):935-6.

Vellappally S, Al Kheraif AA, Divakar DD, Basavarajappa S, Anil S, Fouad H. Tooth
implant prosthesis using ultra low power and low cost crystalline carbon bio-tooth sensor
with hybridized data acquisition algorithm. Comput Commun. 2019 Dec 15;148:176-84.

Vellappally S, Al Kheraif AA, Anil S, Assery MK, Kumar KA, Divakar DD. Analyzing
Relationship between Patient and Doctor in Public Dental Health using Particle Memetic
Multivariable Logistic Regression Analysis Approach (MLRAZ2). J Med Syst. 2018 Aug
29;42(10):183.

Varghese SS, Ramesh A, Veeraiyan DN. Blended Module-Based Teaching in Biostatistics
and Research Methodology: A Retrospective Study with Postgraduate Dental Students. J
Dent Educ. 2019 Apr;83(4):445-50.

Venkatesan J, Singh SK, Anil S, Kim S-K, Shim MS. Preparation, Characterization and
Biological Applications of Biosynthesized Silver Nanoparticles with Chitosan-Fucoidan
Coating. Molecules [Internet]. 2018 Jun 12;23(6). Available from:
http://dx.doi.org/10.3390/molecules23061429

Alsubait SA, Al Ajlan R, Mitwalli H, Aburaisi N, Mahmood A, Muthurangan M, et al.
Cytotoxicity of Different Concentrations of Three Root Canal Sealers on Human
Mesenchymal Stem Cells. Biomolecules [Internet]. 2018 Aug 1;8(3). Available from:
http://dx.doi.org/10.3390/biom8030068

Venkatesan J, Rekha PD, Anil S, Bhatnagar I, Sudha PN, Dechsakulwatana C, et al.


http://dx.doi.org/10.1016/j.transproceed.2014.11.062
http://paperpile.com/b/FpOkor/qHau
http://paperpile.com/b/FpOkor/qHau
http://paperpile.com/b/FpOkor/qHau
http://paperpile.com/b/FpOkor/0bIjC
http://paperpile.com/b/FpOkor/0bIjC
http://paperpile.com/b/FpOkor/USdf
http://paperpile.com/b/FpOkor/USdf
http://paperpile.com/b/FpOkor/USdf
http://paperpile.com/b/FpOkor/k8zV
http://paperpile.com/b/FpOkor/k8zV
http://paperpile.com/b/FpOkor/k8zV
http://paperpile.com/b/FpOkor/DD3A
http://paperpile.com/b/FpOkor/DD3A
http://paperpile.com/b/FpOkor/DD3A
http://paperpile.com/b/FpOkor/o2dq
http://paperpile.com/b/FpOkor/o2dq
http://paperpile.com/b/FpOkor/cQf8q
http://paperpile.com/b/FpOkor/cQf8q
http://paperpile.com/b/FpOkor/cQf8q
http://paperpile.com/b/FpOkor/CRJK
http://paperpile.com/b/FpOkor/CRJK
http://paperpile.com/b/FpOkor/CRJK
http://paperpile.com/b/FpOkor/CRJK
http://paperpile.com/b/FpOkor/es6D
http://paperpile.com/b/FpOkor/es6D
http://paperpile.com/b/FpOkor/es6D
http://paperpile.com/b/FpOkor/AGqE
http://paperpile.com/b/FpOkor/AGqE
http://paperpile.com/b/FpOkor/AGqE
http://paperpile.com/b/FpOkor/AGqE
http://paperpile.com/b/FpOkor/AGqE
http://paperpile.com/b/FpOkor/bXdv
http://paperpile.com/b/FpOkor/bXdv
http://paperpile.com/b/FpOkor/bXdv
http://paperpile.com/b/FpOkor/bXdv
http://paperpile.com/b/FpOkor/bXdv
http://paperpile.com/b/FpOkor/drgC1

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hydroxyapatite from Cuttlefish Bone: Isolation, Characterizations, and Applications.
Biotechnol Bioprocess Eng. 2018 Aug 1;23(4):383-93.

Vellappally S, Al Kheraif AA, Anil S, Wahba AA. 10T medical tooth mounted sensor for
monitoring teeth and food level using bacterial optimization along with adaptive deep
learning neural network. Measurement. 2019 Mar 1;135:672-7.

PradeepKumar AR, Shemesh H, Nivedhitha MS, Hashir MMJ, Arockiam S, Uma
Maheswari TN, et al. Diagnosis of Vertical Root Fractures by Cone-beam Computed
Tomography in Root-filled Teeth with Confirmation by Direct Visualization: A Systematic
Review and Meta-Analysis. J Endod. 2021 Aug;47(8):1198-214.

R H, Ramani P, Tilakaratne WM, Sukumaran G, Ramasubramanian A, Krishnan RP.
Critical appraisal of different triggering pathways for the pathobiology of pemphigus
vulgaris-A review. Oral Dis [Internet]. 2021 Jun 21; Available from:
http://dx.doi.org/10.1111/0di.13937

Ezhilarasan D, Lakshmi T, Subha M, Deepak Nallasamy V, Raghunandhakumar S. The
ambiguous role of sirtuins in head and neck squamous cell carcinoma. Oral Dis [Internet].
2021 Feb 11; Available from: http://dx.doi.org/10.1111/0di.13798

Sarode SC, Gondivkar S, Sarode GS, Gadbail A, Yuwanati M. Hybrid oral potentially
malignant disorder: A neglected fact in oral submucous fibrosis. Oral Oncol. 2021 Jun
16;105390.

Kavarthapu A, Gurumoorthy K. Linking chronic periodontitis and oral cancer: A review.
Oral Oncol. 2021 Jun 14;105375.

Vellappally S, Abdullah Al-Kheraif A, Anil S, Basavarajappa S, Hassanein AS.
Maintaining patient oral health by using a xeno-genetic spiking neural network. J Ambient
Intell Humaniz Comput [Internet]. 2018 Dec 14; Available from:
https://doi.org/10.1007/s12652-018-1166-8

Aldhuwayhi S, Mallineni SK, Sakhamuri S, Thakare AA, Mallineni S, Sajja R, et al. Covid-
19 Knowledge and Perceptions Among Dental Specialists: A Cross-Sectional Online
Questionnaire Survey. Risk Manag Healthc Policy. 2021 Jul 7;14:2851-61.

Danda AK. Comparison of a single noncompression miniplate versus 2 noncompression
miniplates in the treatment of mandibular angle fractures: a prospective, randomized clinical
trial. J Oral Maxillofac Surg. 2010 Jul;68(7):1565-7.

Robert R, Justin Raj C, Krishnan S, Jerome Das S. Growth, theoretical and optical studies
on potassium dihydrogen phosphate (KDP) single crystals by modified Sankaranarayanan—
Ramasamy (mSR) method [Internet]. VVol. 405, Physica B: Condensed Matter. 2010. p. 20—
4. Available from: http://dx.doi.org/10.1016/j.physb.2009.08.015

Krishnan V, Lakshmi T. Bioglass: A novel biocompatible innovation. J Adv Pharm Technol
Res. 2013 Apr;4(2):78-83.


http://paperpile.com/b/FpOkor/PWzvD
http://paperpile.com/b/FpOkor/PWzvD
http://paperpile.com/b/FpOkor/PWzvD
http://paperpile.com/b/FpOkor/CJEUQ
http://paperpile.com/b/FpOkor/CJEUQ
http://paperpile.com/b/FpOkor/CJEUQ
http://paperpile.com/b/FpOkor/CJEUQ
http://paperpile.com/b/FpOkor/gLQbK
http://paperpile.com/b/FpOkor/gLQbK
http://paperpile.com/b/FpOkor/gLQbK
http://paperpile.com/b/FpOkor/gLQbK
http://paperpile.com/b/FpOkor/gLQbK
http://paperpile.com/b/FpOkor/YudC
http://paperpile.com/b/FpOkor/YudC
http://paperpile.com/b/FpOkor/YudC
http://paperpile.com/b/FpOkor/YudC
http://paperpile.com/b/FpOkor/PE5w
http://paperpile.com/b/FpOkor/PE5w
http://paperpile.com/b/FpOkor/PE5w
http://paperpile.com/b/FpOkor/K86h
http://paperpile.com/b/FpOkor/K86h
http://paperpile.com/b/FpOkor/VGIBw
http://paperpile.com/b/FpOkor/VGIBw
http://paperpile.com/b/FpOkor/VGIBw
http://paperpile.com/b/FpOkor/VGIBw
http://paperpile.com/b/FpOkor/VGIBw
http://paperpile.com/b/FpOkor/tl5n
http://paperpile.com/b/FpOkor/tl5n
http://paperpile.com/b/FpOkor/tl5n
http://paperpile.com/b/FpOkor/837I
http://paperpile.com/b/FpOkor/837I
http://paperpile.com/b/FpOkor/837I
http://paperpile.com/b/FpOkor/FiRI9
http://paperpile.com/b/FpOkor/FiRI9
http://paperpile.com/b/FpOkor/FiRI9
http://paperpile.com/b/FpOkor/FiRI9
http://paperpile.com/b/FpOkor/FiRI9
http://paperpile.com/b/FpOkor/oWn63
http://paperpile.com/b/FpOkor/oWn63

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Soh CL, Narayanan V. Quality of life assessment in patients with dentofacial deformity
undergoing orthognathic surgery—A systematic review [Internet]. VVol. 42, International
Journal of Oral and Maxillofacial Surgery. 2013. p. 974-80. Available from:
http://dx.doi.org/10.1016/j.ijom.2013.03.023

Lekha L, Kanmani Raja K, Rajagopal G, Easwaramoorthy D. Schiff base complexes of rare
earth metal ions: Synthesis, characterization and catalytic activity for the oxidation of
aniline and substituted anilines [Internet]. VVol. 753, Journal of Organometallic Chemistry.
2014. p. 72-80. Available from: http://dx.doi.org/10.1016/j.jorganchem.2013.12.014

Dhinesh B, Isaac JoshuaRamesh Lalvani J, Parthasarathy M, Annamalai K. An assessment
on performance, emission and combustion characteristics of single cylinder diesel engine
powered by Cymbopogon flexuosus biofuel [Internet]. Vol. 117, Energy Conversion and
Management. 2016. p. 466—-74. Available from:
http://dx.doi.org/10.1016/j.enconman.2016.03.049

PradeepKumar AR, Shemesh H, Jothilatha S, Vijayabharathi R, Jayalakshmi S, Kishen A.
Diagnosis of Vertical Root Fractures in Restored Endodontically Treated Teeth: A Time-
dependent Retrospective Cohort Study. J Endod. 2016 Aug;42(8):1175-80.

Vijayakumar GNS, Nixon Samuel Vijayakumar G, Devashankar S, Rathnakumari M,
Sureshkumar P. Synthesis of electrospun ZnO/CuO nanocomposite fibers and their
dielectric and non-linear optic studies [Internet]. VVol. 507, Journal of Alloys and
Compounds. 2010. p. 225-9. Available from:
http://dx.doi.org/10.1016/j.jallcom.2010.07.161

Kavitha M, Subramanian R, Narayanan R, Udhayabanu V. Solution combustion synthesis
and characterization of strontium substituted hydroxyapatite nanocrystals [Internet]. Vol.
253, Powder Technology. 2014. p. 129-37. Available from:
http://dx.doi.org/10.1016/j.powtec.2013.10.045

Sahu D, Kannan GM, Vijayaraghavan R. Size-Dependent Effect of Zinc Oxide on Toxicity
and Inflammatory Potential of Human Monocytes [Internet]. VVol. 77, Journal of Toxicology
and Environmental Health, Part A. 2014. p. 177-91. Available from:
http://dx.doi.org/10.1080/15287394.2013.853224

Neelakantan P, Cheng CQ, Mohanraj R, Sriraman P, Subbarao C, Sharma S. Antibiofilm
activity of three irrigation protocols activated by ultrasonic, diode laser or Er:YAG laserin
vitro [Internet]. Vol. 48, International Endodontic Journal. 2015. p. 602-10. Available from:
http://dx.doi.org/10.1111/iej.12354

Lekha L, Kanmani Raja K, Rajagopal G, Easwaramoorthy D. Synthesis, spectroscopic
characterization and antibacterial studies of lanthanide(l11) Schiff base complexes
containing N, O donor atoms [Internet]. Vols. 1056-1057, Journal of Molecular Structure.
2014. p. 307-13. Available from: http://dx.doi.org/10.1016/j.molstruc.2013.10.014

Gopalakannan S, Senthilvelan T, Ranganathan S. Modeling and Optimization of EDM
Process Parameters on Machining of Al 7075-B4C MMC Using RSM [Internet]. Vol. 38,


http://paperpile.com/b/FpOkor/9Kwvg
http://paperpile.com/b/FpOkor/9Kwvg
http://paperpile.com/b/FpOkor/9Kwvg
http://paperpile.com/b/FpOkor/9Kwvg
http://paperpile.com/b/FpOkor/9Kwvg
http://paperpile.com/b/FpOkor/MSJJz
http://paperpile.com/b/FpOkor/MSJJz
http://paperpile.com/b/FpOkor/MSJJz
http://paperpile.com/b/FpOkor/MSJJz
http://paperpile.com/b/FpOkor/MSJJz
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZRg1J
http://paperpile.com/b/FpOkor/ZCPAx
http://paperpile.com/b/FpOkor/ZCPAx
http://paperpile.com/b/FpOkor/ZCPAx
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/jOOx2
http://paperpile.com/b/FpOkor/YS83v
http://paperpile.com/b/FpOkor/YS83v
http://paperpile.com/b/FpOkor/YS83v
http://paperpile.com/b/FpOkor/YS83v
http://paperpile.com/b/FpOkor/YS83v
http://paperpile.com/b/FpOkor/hXUrP
http://paperpile.com/b/FpOkor/hXUrP
http://paperpile.com/b/FpOkor/hXUrP
http://paperpile.com/b/FpOkor/hXUrP
http://paperpile.com/b/FpOkor/hXUrP
http://paperpile.com/b/FpOkor/kp8KR
http://paperpile.com/b/FpOkor/kp8KR
http://paperpile.com/b/FpOkor/kp8KR
http://paperpile.com/b/FpOkor/kp8KR
http://paperpile.com/b/FpOkor/kp8KR
http://paperpile.com/b/FpOkor/lWOs0
http://paperpile.com/b/FpOkor/lWOs0
http://paperpile.com/b/FpOkor/lWOs0
http://paperpile.com/b/FpOkor/lWOs0
http://paperpile.com/b/FpOkor/lWOs0
http://paperpile.com/b/FpOkor/GHL0E
http://paperpile.com/b/FpOkor/GHL0E

51.

Procedia Engineering. 2012. p. 685-90. Available from:
http://dx.doi.org/10.1016/j.proeng.2012.06.086

Parthasarathy M, Isaac JoshuaRamesh Lalvani J, Dhinesh B, Annamalai K. Effect of
hydrogen on ethanol-biodiesel blend on performance and emission characteristics of a direct
injection diesel engine. Ecotoxicol Environ Saf. 2016 Dec;134(Pt 2):433-9.


http://dx.doi.org/10.1016/j.proeng.2012.06.086
http://paperpile.com/b/FpOkor/UGORv
http://paperpile.com/b/FpOkor/UGORv
http://paperpile.com/b/FpOkor/UGORv

