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ABSTRACT 
 

Introduction: The extract of Boerhaavia diffusa root, a plant used in Indian traditional medicine, 
has significant immunomodulatory Potential. Selenium, a nutrient element that has a massive 
function in biological systems, is one of the interesting compounds to integrate with antibacterial 
agents. Recently several studies have pointed out the ability of selenium nanoparticles to exhibit 
anticancer, antioxidant, antibacterial and antibiofilm properties. 
Aim: To analyze the antimicrobial and cytotoxic activity of Boerhaavia diffusa mediated selenium 
nanoparticles based mouthwash. 
Materials and Methods:   1 g of Boerhavia diffusa was added in 100 ml of distilled water. It was 
boiled; the plant extract was filtered using Whatman’s no.1 filter paper. In 250 ml conical flask, 60 
ml of 20 millimolar sodium selenite was prepared and 40 ml of the filtered plant extract was mixed. 
This flask was kept in a magnetic stirrer. The nanoparticle solution was centrifuged at 8000rpm to 
prepare nanoparticle pellets. The nanoparticle pellet was dried in a hot air oven at 80 degree 
celsius. The dried powder was sent for Characterization. A mouthwash is prepared. 
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The prepared mouthwash was tested for cytotoxic activity by brine shrimp lethality assay and 
antimicrobial activity evaluated the zone of inhibition of agar well diffusion method. 
Results and Discussion: It was proved that cytotoxic activity of selenium bound mouthwash was 
less compared to the commercial mouthwash. The antibacterial activity of the selenium bound 
mouthwash against C. albicans and S. mutans was significant when compared to the standard 
antimicrobial agent. 
Conclusion: Based on the results, this mouthwash has the required qualities to be commercially 
be used. Therefore further studies can be done to prove that this mouthwash can be used 
commercially. 
 

 
Keywords: Mouthwash; antimicrobial activity; selenium based; B. diffusa; nanoparticles. 
 

1. INTRODUCTION 
 
Plant extracts have been widely evaluated for 
possible immunomodulatory properties.The 
ethanolic extract of Boerhaavia diffusa root, a 
plant used in Indian traditional medicine, has 
significant immunomodulatory potential [1]. High 
incidence of bacterial infections and antibiotic 
resistance as a growing problem has urged the 
need for novel antibacterial agents [2]. 
Boerhaavia diffusa roots (Punarnava mool) are in 
use since the beginning of Ayurveda era for 
various therapeutic benefits. Root extract of this 
plant induces strong systemic resistance in 
susceptible host plant [3]. Boerhaavia diffusa 
belonging to family Nyctaginaceae has a wide 
distribution, occurring on major parts of the 
globe. It is used as traditional medicine by 
indigenous people of many countries in the world 
for its protective role against inflammation, 
prostatic hyperplasia, diabetes, cancer, 
gastrointestinal problems, arthritis etc. The whole 
plant contains numerous bioactive compounds 
which are responsible for its pharmacological 
activities. Experiments are being done to 
evaluate full potential of the plant [4]. Boerhaavia 
diffusa contains a large number of 
phytoconstituents namely, flavonoids, alkaloids, 
steroids, triterpenoids, lipids, lignins, 
carbohydrates, proteins, glycoproteins, 
punarnavine, boeravinone A–F, hypoxanthine 9-
l-arabinofuranoside, ursolic acid, punarnava side, 
punarnavoside and liriodendrin [5]. 
  
Cytotoxic agents are known as all the elements 
that are toxic to the cells, which include the 
factors that prevent their growth and sometimes 
cause death, and are also used to treat certain 
disorders. Chemical and biological substances or 
physical agents can cause cytotoxicity by 
affecting the cells in varying degrees. 
Antimicrobial activity refers to the process of 
killing or inhibiting the disease causing microbes. 
Various antimicrobial agents are used for this 

purpose. Antimicrobial may be anti-bacterial, 
anti-fungal or antiviral. In this study the 
antibacterial and antifungal properties have been 
analysed. 
 
In previous research to find the microbial activity 
of selenium particles, resistance of Escherichia 
coli and Staphylococcus aureus was compared 
in the presence of individual Nano and Bio 
counterparts as well as the nanohybrid system. 
Upon interaction of SeNPs with Lysozyme, the 
nanohybrid system efficiently enhanced the 
antibacterial activity compared to the protein. 
Therefore, it was concluded that SeNPs play an 
important role in inhibition of bacterial growth at 
very low concentrations of protein [6]. Selenium, 
a nutrient element that has a massive function in 
biological systems, is one of the the interesting 
compounds to integrate with antibacterial agents. 
Recently several studies have pointed out the 
ability of selenium nanoparticles to exhibit 
anticancer, antioxidant, antibacterial and 
antibiofilm properties. Oral mucositis (OM) is a 
complication of high-dose chemotherapy (HDC) 
followed by hematopoietic SCT (HSCT) with few 
effective treatments. Selenium has a 
cytoprotective role via the glutathione peroxidase 
(Glu.Px) enzyme and prevents chemotherapy-
induced toxicities. It is involved in several key 
metabolic activities through selenoproteins, 
which are essential for protection against 
oxidative damage. In other words, selenium is a 
cofactor for glutathione peroxidase (Glu.Px), an 
endogenous enzyme system, which is able to 
scavenge free radicals. Some animal studies 
have shown that adequate supplementation of 
selenium could produce cytoprotective effects 
and anti-ulcer activity [7].Mouthwashes (MWs) 
have been particularly well accepted by 
individuals due to their ease of use. It is an 
effective method for delivery of antimicrobial 
agents thus preventing bacterial adhesion, 
colonization, and metabolism. However 
emergence of bacterial resistance to such agents 
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has become a common phenomenon, which is 
represents a major problem.This has encouraged 
the development of alternative strategies to 
tackle drug-resistance problems [8]. Our team 
has extensive knowledge and research 
experience  that has translate into high quality 
publications[9–33]. 
 

In the present study the cytotoxic activity and 
microbial activity of the B.diffusa mediated 
selenium based mouthwash was analysed by 
comparing with the commercial mouthwash and 
also the standard antimicrobial agents.This study 
could have also analyzed various other 
characters such as antioxidant, anti inflammatory 
activities etc. 
 

2. MATERIALS AND METHODS 
 

2.1 Extract Preparation 
 

1g of stem of Boerhavia diffusa was added in 
100ml of distilled water. It was boiled for 10 - 15 
minutes at 70 degree celsius. After boiling, the 
plant extract was filtered using Whatman’s no.1 
filter paper. In 250 ml conical flask, 60ml of 
20millimolar sodium selenite was prepared and 
40ml of the filtered plant extract was mixed. This 
flask was kept in a magnetic stirrer. The 
synthesised nanoparticles were preliminarily 
analysed by using UV visible spectrophotometer. 
The nanoparticle solution was centrifuged at 
8000rpm to prepare nanoparticle pellets. The 
nanoparticle pellet was dried in a hot air oven at 
80 degree celsius. The dried powder was sent for 
Characterization.A mouthwash is prepared.(Fig. 
1). 
 

2.2 Mouthwash Preparation  
 
0.3gsucrose,0.001g sodium benzoate,0.01g of 
sodium lauryl sulphate Dissolved in 10ml distilled 
water. To that nanoparticle sample 600 microlitre 
was added.And flavouring agent peppermint oil 
was added- 50microlitres 
 

2.3 Brine Shrimp Lethality Assay: 
Cytotoxicity test  

 
2.3.1 Salt water preparation 
 
2g of iodine free salt was weighed and dissolved 
in 200ml of distilled water.  
 
6 well ELISA plates were taken and 10-12 ml of 
saline water was filled. To that 10 nauplii were 
slowly added to each well (20µL,40 µL,60 µL.80 

µL, control). Then the nanoparticles were added 
according to the concentration level. The plates 
were incubated for 24 hours. 
 
After 24 hours, the ELISA plates were observed 
and noted for number of live nauplii present  and 
calculated by using following formula, 
 
Number of dead nauplii/number of dead 
nauplii+number of live nauplii×100 
 
2.3.2 Antimicrobial test 
 
Antimicrobial activity of respective nanoparticles 
against the strain staphylococcus 
aureus,E.faecalis, S.mutans and C.albicans MHA 
agar was utilized for this activity to determine the 
zone of inhibition. Muller hinton agar was 
prepared and sterilized for 45 minutes at 120lbs. 
Media poured into the sterilized plates and let 
them stabilize for solidification. The wells were 
cut using the well cutter and the test organisms 
were swabbed.The nanoparticles with different 
concentrations were loaded and the plates were 
incubated for 24 hours at 37 ° C. After the 
incubation time the zone of inhibition was 
measured. 
 

3. RESULTS  
 
The cytotoxic activity of the selenium based 
mouthwash was tabulated.The viability of the 
Nauplii was analysed for various selenium 
nanoparticles concentrations synthesised from 
mouthwash aided by B diffusa(Fig 2).The nauplii 
in the well was noticed after 24 hours that 80% of 
Nauplii were alive in a minimum concentration of 
5µL and 10µL. 90% of the Naupliiwere alive at 
20µL and 40 µL concentration.At 80µL of 
concentrations 80% of the nauplii were 
alive.Whereas 100% of the nauplii were alive as 
shown by the control.Thus, according to other 
research, the increase in concentration 
enhanced cytotoxicity. In order to study the exact 
mechanism of action, more precise studies of 
cytotoxicity need to be performed. In the present 
analysis the cytotoxicity percentage was higher 
at 20µL and 40µLconcentrations.(Table 1)(Graph 
1)For comparing the selenium based 
mouthwash,commercial mouthwash was also 
analysed.It was noticed after 24 hours that 90% 
of the Nauplii were alive in the minimum 
concentration of 5µL and 70 % of the Nauplii 
were alive at 10µL ,20µL and 40µL.Only 50% of 
the nauplii were alive at 80µL concentration of 
the commercial mouthwash.Also at control 100% 
of the nauplii were alive.(Table 2)(graph 
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2)Therefore as the concentration increases the 
number of nauplii  decreases proving it to be 
highly cytotoxic whereas the selenium bound 

was less cytotoxic comparatively.The results 
were statistically analysed and was insignificant. 
p value was 0.226.(p value<o.o5). 

 

 
 

Fig. 1. Extract preparation and mouthwash preparation of B. diffusa mediated selenium 
nanoparticles based mouthwash 

 

3.1 Cytotoxic Activity  
 

Table 1. Brine shrimp lethality assay for different concentrations of B. diffusa mediated  
selenium based mouthwash 

 

concentration 5µL 10µL 20µL 40µL 80µL control 

No of nauplii 8 8 9 9 8 10 

 
Table 2. Brine shrimp lethality assay for different concentrations of commercial mouthwash 

observed after 24 hours 
 

concentration 5µL 10µL 20µL 40µL 80µL control 

No of nauplii 9 7 7 7 5 10 

 

 
 

Graph 1. The bar graphs  represents the cytotoxic activity of the commercial mouthwash.X 
axis depicts the number of live nauplii in percentage. Y axis represents the concentration of 

commercial mouthwash added.Blue represents day 1 and orange represents day 2 
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Graph 2. The bar graphs represent the cytotoxic activity of the selenium based mouthwash 
 

 
 

Fig. 2. Brine shrimp lethality assay comparison ELISA plate well with different concentrations 
of selenium-based mouthwash and commercial mouthwash Observed for presence of live 

nauplii after 24 hours 
 

3.2 Antimicrobial Activity     
 
Table 3 demonstrates inhibition of bacterial 
growth at varying concentrations of 
biosynthesized selenium nanoparticles based 
mouthwash. The antimicrobial activity was 
evaluated based on their zone of inhibitions and 
the results were compared with the standard 
antibacterial agent. The antibacterial activity  
against S. aureus showed a zone of inhibition  of 
12mm at the concentration of 25μl.The 

antibacterial activity against S. aureus showed a 
zone of inhibition of 18 mm at the concentration 
of 50µL. Antimicrobial activity against S. aureus 
showed a zone of inhibition of 20mm at the 
concentration of 100µL.The standard 
antibacterial agent had 20mm of zone of 
inhibition. Therefore comparatively the 
antimicrobial activity of selenium based 
mouthwash is moderate against S. aureus. The 
antimicrobial activity of selenium nanoparticles 
based mouthwash against S. mutans showed a 
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zone of inhibition 25mm at concentrations of 
25µL,20mm at 50μl and 22mm at concentration 
of 100μl.The standard antimicrobial agent has 
zone of inhibition of 18mm.Therefore this 
mouthwash when compared to the standard 
shows high antimicrobial activity The 
antimicrobial activity of selenium bases 
mouthwash  against E. faecalis showed a zone 
of inhibition of 10mm at the concentration of 
5μl.The antimicrobial activity of selenium 
nanoparticles based mouthwash  against E. 
faecalis showed a zone of inhibition of 12mm at 
the concentration of 50μl.The antimicrobial 
activity  against E. faecalis showed a zone of 
inhibition of 15mm at the concentration of 
100μl.When compared to the standard 
antimicrobial agent it is observed that this 
mouthwash has low level of antimicrobial activity 

against E. faecalis.The antimicrobial activity of 
selenium bases mouthwash  against C. albicans 
showed a zone of inhibition of 15mm at the 
concentration of 5μl.The antimicrobial activity of 
selenium nanoparticles based mouthwash  
against C.albicans showed a zone of inhibition of 
18mm at the concentration of 50μl.The 
antimicrobial activity  against C.albicans showed 
a zone of inhibition of 21mm at the concentration 
of 100μl.(Fig. 3)When compared to the standard 
antimicrobial agent that is 13mm it is observed 
that this mouthwash has high level of 
antimicrobial activity against C.albicans.(Table3) 
Therefore the antimicrobial activity of the B. 
diffusa mediated selenium nanoparticles based 
mouthwash was high against C. albicans and S. 
mutants.(Graph 3). 

 
B diffusa mediated selenium particles -microbial effect  
 

Table 3. Shows zone of inhibition of various oral pathogens at different concentrations. 
 

 25µL 50µL 100µL AB 

C albicans 15 18 21 13 
E.faecalis 10 12 15 32 
S aureus 12 18 20 20 
S mutans  25 20 22 18 

 

 
 

Graph 3. The graph represents the antimicrobial activity of the selenium nanoparticles based 
mouthwash against C. albicans, E. Faecalis , S. aureus and S. mutans in different 

concentrations and is compared with the standard antimicrobial agent. X axis represents the 
concentration of the selenium nanoparticles based mouthwash. Y axis represents the 

percentage of inhibition 
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Fig. 3. Antimicrobial activity of B.diffusa mediated selenium nanoparticles based mouthwash 
 

4. DISCUSSION 
 
In  the analysis of toxicity, the brine shrimp 
lethality assay  is an important test that provides 
us knowledge on the cytotoxic effect of a 
bioactive compound on cells [34-37].The viability 
of the Nauplii was analysed for various selenium 
nanoparticles concentrations synthesised from 
mouthwash aided by B diffusa(Fig. 2).The 
antimicrobial activity of  selenium bound 
mouthwash that were synthesized with  
Boerhaavia diffusa,showed various zones of 
inhibition at different concentrations [38-43].  
 
In previous articles, it has been observed that the 
cytotoxic activity of selenium particles was high 
which is not similar to the present study. Also 
The results of the previous  study indicate that 
Selenium nanoparticles can be potentially used 

as antimicrobial and antioxidant agents similar to 
the present study[44]. Many studies were done to 
analyze the cytotoxic activity and microbial 
activity of selenium particles but not many 
articles were published on selenium based 
mouthwash [45].Brine Shrimp Lethality was done 
to check the cytotoxicity of  nanoparticles and in 
previous articles it was found that there was 
increase of cytotoxic level with increased  
concentration of the administered  nanoparticles 
which is unlike the present study[46].In a study 
done by vyas,the selenium nanoparticles were 
synthesised using garlic and he concluded that 
its antioxidant potential was high.[47] The 
present study only concentrates on cytotoxic 
activity and microbial activity which is a limitation 
of this study.Clove and cinnamon mediated 
selenium nanoparticles had high antimicrobial 
activity against C.albicans which shows similar 
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results as that of present study.[48]Unlike the 
present study, the zone of inhibition was found to 
be high  mainly for S. aureus and E. 
faecalis.[49]In this study mainly for S.mutans and 
C.albicans the zone of inhibition were found to 
high.Similar to this study ,The results of a article 
done previously  showed that there was a lower 
toxicity rate of SeNPs.[50]. 
 
Only antimicrobial and cytotoxic activity of the 
mouthwash have been analyzed.Further more 
studies must be done to gain knowledge about 
the different characteristics of the Boerhaavia 
diffusa mediated selenium particles based 
mouthwash.Errors may occur while counting the 
live nauplii as well as in measuring the zone of 
inhibition of various microbes.  
 

5. CONCLUSION 
 
Within the limitations of the study we can 
conclude that B.diffusa mediated selenium 
nanoparticles based mouthwash had low 
cytotoxic potential and high antimicrobial 
activity.Therefore it is best to be used 
commercially.Further studies can be done to 
prove various other characteristics of this 
mouthwash to use this mouthwash commercially. 

 
CONSENT  
 
Not applicable. 
 

ETHICAL APPROVALS 
 
We conducted our research after obtaining 
proper IEC approval. 
 

ACKNOWLEDGEMENT 
 

● Saveetha Dental College and hospital. 
● Soffeene Hong Kong Ltd 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Hussain AG, Prof Dr Normah, Hussin K. 

Nature’s Medicine: A collection of 
Medicinal Plants from Malaysia’s 
Rainforest. Landskap Malaysia; n.d. 

2. Ghorbanpour M, Bhargava P, Varma A, 
Choudhary DK. Biogenic Nano-Particles 

and their Use in Agro-ecosystems. 
Springer Nature; 2020. 

3. Dubey NK. Plants as a Source of Natural 
Antioxidants. CABI; 2014. 

4. Kaur H. Boerhaavia Diffusa: Bioactive 
Compounds and Pharmacological 
Activities. Biomedical and Pharmacology 
Journal. 2019;12:1675–82. 

5. Kaur M, Goel RK. Anti-Convulsant Activity 
of Boerhaavia diffusa: Plausible Role of 
Calcium Channel Antagonism. Evid Based 
Complement Alternat Med. 2011;2011: 
310420. 

6. Vahdati M, T TM. Synthesis and 
Characterization of Selenium 
Nanoparticles-Lysozyme Nanohybrid 
System with Synergistic Antibacterial 
Properties. Sci Rep. 2020;10.  
Available: https://doi.org/10.1038/s41598-
019-57333-7. 

7. Jahangard-Rafsanjani Z, Gholami K, 
Hadjibabaie M, Shamshiri AR, 
Alimoghadam K, Sarayani A, et al. The 
efficacy of selenium in prevention of oral 
mucositis in patients undergoing 
hematopoietic SCT: a randomized clinical 
trial. Bone Marrow Transplantation. 2013; 
48:832–6.  
Available:https://doi.org/10.1038/bmt.2012.
250. 

8. Elgamily H, Mosallam O, El-Sayed H, 
Mosallam R. Antibacterial effectiveness of 
probiotic-based experimental mouthwash 
against cariogenic pathogen: An in vitro 
study. European Journal of Dentistry. 
2018;12:007–14.  
Available:https://doi.org/10.4103/ejd.ejd_2
53_17. 

9. 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. Archives of Oral 
Biology. 2018;94:93–8.  
Available:https://doi.org/10.1016/j.archoral
bio.2018.07.001. 

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

11. Paramasivam A, Vijayashree Priyadharsini 
J, Raghunandhakumar S. N6-adenosine 
methylation (m6A): a promising new 
molecular target in hypertension and 
cardiovascular diseases. Hypertens Res. 
2020;43:153–4. 



 
 
 
 

Arunkumar et al.; JPRI, 33(47B): 860-870, 2021; Article no.JPRI.74447 
 
 

 
868 

 

12. Vijayashree Priyadharsini J, Smiline Girija 
AS, Paramasivam A. An insight into the 
emergence of Acinetobacter baumannii as 
an oro-dental pathogen and its drug 
resistance gene profile - An in silico 
approach. Heliyon. 2018;4:e01051. 

13. Paramasivam A, Vijayashree Priyadharsini 
J. Novel insights into m6A modification in 
circular RNA and implications for immunity. 
Cell Mol Immunol.2020;17:668–9. 

14. Paramasivam A, Priyadharsini JV, 
Raghunandhakumar S. Implications of 
m6A modification in autoimmune 
disorders. Cell Mol Immunol. 2020;17:550–
1. 

15. Girija ASS, Shankar EM, Larsson M. Could 
SARS-CoV-2-Induced Hyperinflammation 
Magnify the Severity of Coronavirus 
Disease (CoViD-19) Leading to Acute 
Respiratory Distress Syndrome? Front 
Immunol. 2020;11:1206. 

16. Jayaseelan VP, Arumugam P. Exosomal 
microRNAs as a promising theragnostic 
tool for essential hypertension. Hypertens 
Res. 2020;43:74–5. 

17. Ushanthika T, Smiline Girija AS, 
Paramasivam A, Priyadharsini JV. An in 
silico approach towards identification of 
virulence factors in red complex pathogens 
targeted by reserpine. Nat Prod Res. 
2021;35:1893–8. 

18. Ramalingam AK, Selvi SGA, Jayaseelan 
VP. Targeting prolyl tripeptidyl peptidase 
from Porphyromonas gingivalis with the 
bioactive compounds from Rosmarinus 
officinalis. Asian Biomed. 2019;13:197–
203. 

19. Kumar SP, Girija ASS, Priyadharsini JV. 
Targeting NM23-H1-mediated inhibition of 
tumour metastasis in viral hepatitis with 
bioactive compounds from Ganoderma 
lucidum: A computational study. 
Pharmaceutical-Sciences. 2020;82.  
Available:https://doi.org/10.36468/pharmac
eutical-sciences.650. 

20. Mathivadani V, Smiline AS, Priyadharsini 
JV. Targeting Epstein-Barr virus nuclear 
antigen 1 (EBNA-1) with Murraya koengii 
bio-compounds: An in-silico approach. 
Acta Virol 2020;64:93–9. 

21. Samuel SR, Kuduruthullah S, Khair AMB, 
Shayeb MA, Elkaseh A, Varma SR. Dental 
pain, parental SARS-CoV-2 fear and 
distress on quality of life of 2 to 6 year-old 
children during COVID-19. Int J Paediatr 
Dent. 2021;31:436–41. 

22. Samuel SR. Can 5-year-olds sensibly self-

report the impact of developmental enamel 
defects on their quality of life? Int J 
Paediatr Dent. 2021;31:285–6. 

23. 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;126:105132. 

24. Teja KV, Ramesh S. Is a filled lateral canal 
- A sign of superiority? J Dent Sci. 
2020;15:562–3. 

25. Reddy P, Krithikadatta J, Srinivasan V, 
Raghu S, Velumurugan N. Dental Caries 
Profile and Associated Risk Factors 
Among Adolescent School Children in an 
Urban South-Indian City. Oral Health Prev 
Dent. 2020;18:379–86. 

26. Jayaseelan VP, Paramasivam A. Emerging 
role of NET inhibitors in cardiovascular 
diseases. Hypertens Res. 2020;43:1459–
61. 

27. Iswarya Jaisankar A, Smiline Girija AS, 
Gunasekaran S, Vijayashree Priyadharsini 
J. Molecular characterisation of csgA gene 
among ESBL strains of A. baumannii and 
targeting with essential oil compounds 
from Azadirachta indica. Journal of King 
Saud University - Science 2020;32:3380–
7. 

28. Girija AS. Fox3 (+) CD25 (+) CD4 (+) T-
regulatory cells may transform the nCoV’s 
final destiny to CNS! Comment;2021. 

29. Rajendran R, Kunjusankaran RN, Sandhya 
R, Anilkumar A, Santhosh R, Patil SR. 
Comparative Evaluation of Remineralizing 
Potential of a Paste Containing Bioactive 
Glass and a Topical Cream Containing 
Casein Phosphopeptide-Amorphous 
Calcium Phosphate: An in Vitro Study. 
Pesquisa Brasileira Em Odontopediatria E 
Clínica Integrada 2019;19:1–10.  
Available:https://doi.org/10.4034/pboci.201
9.191.61. 

30. Ashok BS, Ajith TA, Sivanesan S. Hypoxia-
inducible factors as neuroprotective agent 
in Alzheimer’s disease. Clin Exp 
Pharmacol Physiol. 2017;44:327–34. 

31. Sureshbabu NM, Selvarasu K, Jayanth KV, 
Nandakumar M, Selvam D. Concentrated 
Growth Factors as an Ingenious 
Biomaterial in Regeneration of Bony 
Defects after Periapical Surgery: A Report 
of Two Cases. Case Reports in Dentistry 
2019;2019:1–6.  
Available:https://doi.org/10.1155/2019/704
6203. 

32. Mohan M, Jagannathan N. Oral field 



 
 
 
 

Arunkumar et al.; JPRI, 33(47B): 860-870, 2021; Article no.JPRI.74447 
 
 

 
869 

 

cancerization: an update on current 
concepts. Oncol Rev 2014;8:244. 

33. Menon S, Ks SD, RS, SR, SVK. Selenium 
nanoparticles: A potent chemotherapeutic 
agent and an elucidation of its mechanism. 
Colloids Surf B Biointerfaces. 
2018;170:280–92. 

34. Nasim I, Saveetha Dental College and 
Hospitals, Saveetha Institute of Medical 
and Technical Sciences, Saveetha 
University, India. Cytotoxicity and anti-
microbial analysis of silver and graphene 
oxide bio nanoparticles. Bioinformation 
2020;16:831–6.  
Available:https://doi.org/10.6026/97320630
016831. 

35. Rajeshkumar S, Sherif MH, Malarkodi C, 
Ponnanikajamideen M, Arasu MV, Al-
Dhabi NA, et al. Cytotoxicity behaviour of 
response surface model optimized gold 
nanoparticles by utilizing fucoidan 
extracted from padina tetrastromatica. 
Journal of Molecular Structure 
2021;1228:129440.  
Available:https://doi.org/10.1016/j.molstruc.
2020.129440. 

36. Nandhini JT, Ezhilarasan D, Rajeshkumar 
S. An ecofriendly synthesized gold 
nanoparticles induces cytotoxicity via 
apoptosis in HepG2 cells. Environ 
Toxicol;2020.  
Available:https://doi.org/10.1002/tox.23007 

37. Mohapatra S, Leelavathi L, Rajeshkumar 
S, D. SS, P. J. Assessment of Cytotoxicity, 
Anti-Inflammatory and Antioxidant Activity 
of Zinc Oxide Nanoparticles Synthesized 
Using Clove and Cinnamon Formulation - 
An In-Vitro Study. Journal of Evolution of 
Medical and Dental Sciences. 
2020;9:1859–64.  
Available:https://doi.org/10.14260/jemds/2
020/405. 

38. Kumar SA, Aravind Kumar S, Department 
of Orthodontics, Saveetha Dental College 
and Hospital, Saveetha Institute of Medical 
and Technical Science (SIMATS), 
Saveetha University, et al. Antimicrobial 
activity of silymarin mediated zinc oxide 
and hydroxy apatite nanoparticles against 
oral pathogens. Bioinformation 2020;16 
:863–8.  
Available:https://doi.org/10.6026/97320630
016863. 

39. 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. 
Artificial Cells, Nanomedicine, and 
Biotechnology.2020;48:1153–8.  
Available:https://doi.org/10.1080/21691401
.2020.1817053. 

40. Synthesis of Silver Nanoparticles Using 
Ocimum Sanctum L (Tulsi) Leaf Extract & 
Study of Antimicrobial Activity: A Green 
Chemistry Approach. International Journal 
of Green and Herbal Chemistry 2019;8.  
Available:https://doi.org/10.24214/ijghc/gc/
8/3/60109. 

41. Barma MD. Synthesis of Triphala 
Incorporated Zinc Oxide Nanoparticles and 
Assessment of its Antimicrobial Activity 
Against Oral Pathogens: An In-Vitro Study. 
Bioscience Biotechnology Research 
Communications 2020;13:74–8.  
Available:https://doi.org/10.21786/bbrc/13.
7/14. 

42. 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;27:3753–8. 

43. Chellapa LR, Shanmugam R, Indiran MA, 
Samuel SR. Biogenic nanoselenium 
synthesis, its antimicrobial, antioxidant 
activity and toxicity. Bioinspired, 
Biomimetic and Nanobiomaterials 
2020;9:184–9.  
Available:https://doi.org/10.1680/jbibn.19.0
0054. 

44. Boroumand S, Safari M, Shaabani E, 
Shirzad M, Faridi-Majidi R. Selenium 
nanoparticles: synthesis, characterization 
and study of their cytotoxicity, antioxidant 
and antibacterial activity. Materials 
Research Express 2019;6:0850d8.  
Available:https://doi.org/10.1088/2053-
1591/ab2558. 

45. Forootanfar H, Adeli-Sardou M, Nikkhoo 
M, Mehrabani M, Amir-Heidari B, 
Shahverdi AR, et al. Antioxidant and 
cytotoxic effect of biologically synthesized 
selenium nanoparticles in comparison to 
selenium dioxide. J Trace Elem Med Biol. 
2014;28:75–9. 

46. S. RJ, Roy A, Shanmugam R, E. DW. 
Preparation and Characterization of 
Cinnamon Oil Mediated Gold 
Nanoparticles and Evaluation of Its 
Cytotoxicity Using Brine Shrimp 
LethalityAssay. Journal of Evolution of 
Medical and Dental Sciences 
2020;9:2894–7.  



 
 
 
 

Arunkumar et al.; JPRI, 33(47B): 860-870, 2021; Article no.JPRI.74447 
 
 

 
870 

 

Available:https://doi.org/10.14260/jemds/2
020/633. 

47. Vyas J, Rana S. Antioxidant activity and 
green synthesis of selenium nanoparticles 
using allium sativum extract. International 
Journal of Phytomedicine. 2017;9:634.  
Available:https://doi.org/10.5138/09750185
.2185. 

48. Kumar A, Arvina R, Rajeshkumar S. 
Antifungal activity of clove and cinnamon 
mediated selenium nanoparticles: an in 
vitro study. Plant Cell Biotechnology and 
Molecular Biology. 2020:18–23. 

49. Barma MD, Kannan SD, Indiran MA, 
Rajeshkumar S, Pradeep Kumar R. 

Antibacterial Activity of Mouthwash 
Incorporated with Silica Nanoparticles 
against S. aureus, S. mutans, E. faecalis: 
An in-vitro Study. Journal of 
Pharmaceutical Research International. 
2020:25–33.  
Available:https://doi.org/10.9734/jpri/2020/
v32i1630646. 

50. Francis T, Rajeshkumar S, Roy A, Lakshmi 
T. Anti-inflammatory and Cytotoxic Effect 
of Arrow Root Mediated Selenium 
Nanoparticles. Pharmacognosy Journal. 
2020;12:1363–7.  
Available:https://doi.org/10.5530/pj.2020.1
2.188. 

 

© 2021 Arunkumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/74447 

http://creativecommons.org/licenses/by/2.0

