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Characterization and Nano-Efficacy Study of Palladium Nanoparticles against Larvae of Anopheles

Abstract: Nanoparticles are now being used to reduce the risk of mosquito-borne diseases. Nano-palladium
has been used as a catalyst and in disease control. We aim for the green synthesis of palladium nanoparticles
(PANPs) using plant extract. The synthesized nanoparticles have a wide range of applications like nano-toxicity
and efficacy against vectors of diseases. The application of environmental friendly PANPs synthesized with the
extract of plant Citrus limon against mosquito larvae could provide an effective aid against mosquito-borne
tropical diseases. The synthesized nanoparticles were characterized and bioassay was evaluated against 3rd
instar larvae of Anopheles stephensi mosquito. Surface plasmon resonance (SPR) band was observed at 450nm
in UV-Visible spectrum. Active participation of biomolecules of leaf extract was confirmed with the band
analysis of FT-IR spectrum. TEM analysis has shown the formation of nanoparticles with the diameter ranged
from 1.9nm — 4.8nm. Elemental analysis of particles was done by SEM and EDX analysis. Mortality in test
concentrations were recorded after 24h, 48h, and 72h of exposure. A lethal Concentrations (LC50) has been
calculated using probit analysis. Mortality due to leaf extract was not observed after 72h in the positive control.
LC50 for percent test concentrations containing PANPs showed LC50 at 16.038%, 13.231%, and 7.215% after
24h, 48h and 72h respectively. Results showed that larvicidal effectiveness of PANPs increases with time. This
can be useful in tackling emerging insecticide resistance and mosquitoes borne diseases worldwide.

Keywords: Palladium nanoparticles; Green synthesis; Efficacy; Mosquito larvicides; Characterization;
Nanotoxicity

References:

1. P. Dauthal and M. Mukhopadhyay, “Biosynthesis of Palladium Nanoparticles Using Delonix regia Leaf Extract and Its Catalytic
Activity for Nitro-aromatics Hydrogenation", Industrial & Engineering Chemistry Research, vol. 52, no. 51, pp. 18131-18139, 2013.

2. S. kumari, M. Venkatesham, D. Ayodhya and G. Veerabhadram, "Green synthesis, characterization and catalytic activity of
palladium nanoparticles by xanthan gum", Applied Nanoscience, vol. 5, no. 3, pp. 315-320, 2014.

3. M.R. Shaik, Z. J. Q. Ali, M. Khan, M. Kuniyil, M. E. Assal, H. Z. Alkhathlan, A.A. Warthan, M.R.H. Siddiqui, M. Khan, S. Farooq
and S. F. Adil, "Green Synthesis and Characterization of Palladium Nanoparticles Using Origanum vulgare L. Extract and Their
Catalytic Activity." Molecules, vol. 22, no. 1, p. 165, 2017.

4.  E. Haritha, S.M. Roopan, G. Madhavi, G. Elango, N.A. Al-Dhabi, and M.V. Arasu, "Environmental Friendly Synthesis of Palladium
Nanoparticles and its Photocatalytic Activity Against Diazo Dye to Sustain the Natural Source." Journal of Cluster Science vol. 28,
no. 3 pp. 1225-1236, 2017.

5. N. Seyedi, K. Saidi, and H. Sheibani, "Green Synthesis of Pd Nanoparticles Supported on Magnetic Graphene Oxide by Origanum
vulgare Leaf Plant Extract: Catalytic Activity in the Reduction of Organic Dyes and Suzuki—Miyaura Cross-Coupling Reaction."
Catalysis Letters vol. 148, no. 1 pp: 277-288, 2018.

6. K. Bhakyaraj, S. Kumaraguru, K. Gopinath, V. Sabitha, P. R. Kaleeswarran, V. Karthika, A. Sudha , U. Muthukumaran, K.
Jayakumar, S. Mohan, and A. Arumugam, “Eco-friendly synthesis of palladium nanoparticles using Melia azedarach leaf extract and
their evaluation for antimicrobial and larvicidal activities." Journal of Cluster Science vol. 28, no. 1 pp: 463-476, 2017.

7. Jayaseelan, P.R. Gandhi, S.R.R. Rajasree, T.Y. Suman, and R.R. Mary, "Toxicity studies of nanofabricated palladium against
filariasis and malaria vectors." Environmental Science and Pollution Research vol. 25, no. 1 pp: 324-332, 2018.

8. X. Yang, Q. Li, H. Wang, J. Huang, L. Lin, W. Wang, D. Sun, Y. Su, J.B. Opiyo, L. Hong, and Y. Wang, "Green synthesis of
palladium nanoparticles using broth of Cinnamomum camphora leaf." Journal of Nanoparticle Research vol. 12, no. 5 pp: 1589-
1598, 2010.

9. L. Jia, Q. Zhang, Q. Li, and H. Song, "The biosynthesis of palladium nanoparticles by antioxidants in Gardenia jasminoides Ellis:
long lifetime nanocatalysts for p-nitrotoluene hydrogenation." Nanotechnology vol. 20, no. 38 pp: 385601, 2009.

10. R.K. Petla, S. Vivekanandhan, M. Misra, A.K. Mohanty, and N. Satyanarayana, "Soybean (Glycine max) leaf extract based green
synthesis of palladium nanoparticles." J Biomater Nanobiotechnol vol. 3, no. 1 pp: 14-19, 2012.

11. S. Gurunathan, E. Kim, J.W. Han, J.H. Park, and J.H. Kim, "Green chemistry approach for synthesis of effective anticancer
palladium nanoparticles." Molecules vol. 20, no. 12 pp: 22476-22498, 2015

12. G. Rajakumar, A.A. Rahuman, I. Chung, A.V. Kirthi, S. Marimuthu, and K. Anbarasan, "Antiplasmodial activity of eco-friendly
synthesized palladium nanoparticles using Eclipta prostrata extract against Plasmodium berghei in Swiss albino mice." Parasitology
research vol. 114, no. 4 pp: 1397-1406, 2015.

13. M.N. Nadagouda, and R.S. VVarma, "Green synthesis of silver and palladium nanoparticles at room temperature using coffee and tea
extract." Green Chemistry vol. 10, no. 8 pp: 859-862, 2008.

14. WHO| Global Health Observatory (GHO) data | Number of malaria deaths http://www.who.int/gho/malaria/epidemic/deaths/en/,
2018.

15. T. Liu, X. Zhang, X. Wang, D. Chen, Y. Li, and F. Wang, "Comparative toxicity and bioaccumulation of two dinotefuran
metabolites, UF and DN, in earthworms (Eisenia fetida)." Environmental Pollution vol. 234 pp: 988-996, 2018.

16. Goindin, C. Delannay, A. Gelasse, C. Ramdini, T. Gaude, F. Faucon, J.P. David, J. Gustave, A.V. Rua, and F. Fouque, "Levels of
insecticide resistance to deltamethrin, malathion, and temephos, and associated mechanisms in Aedes aegypti mosquitoes from the
Guadeloupe and Saint Martin islands (French West Indies)." Infectious diseases of poverty vol. 6, no. 1 pp: 38, 2017.

17. M. Coleman, J. Hemingway, K.A. Gleave, A. Wiebe, P.W. Gething, and C.L. Moyes, "Developing global maps of insecticide
resistance risk to improve vector control." Malaria journal vol.16, no. 1 pp: 86, 2017.

18. J. Coates, “Interpretation of infrared spectra, a practical approach.” Encyclopedia of analytical chemistry, 2000.

19. World Health Organization, “Guidelines for laboratory and field testing of mosquito larvicides.” WHO/CDS/WHOPES/ GCDPP/13,
2005

20. W.S. Abbott, “A method of computing the effectiveness of an insecticide.” J. econ. Entomol, 18(2), 265-267, 1925.

21. DJ. Finney, “Probit analysis, 3rd edn.” Cambridge University Press, Cambridge (ISBN 052108041X. OCLC 174198382), 1971.

22. SPSS “ SPSS” for windows, version 16.0. Release 16.0.0 (Chicago, IL, USA), 2007.

23. L. A. Deschenes and D. A. V. Bout University of Texas, Austin. Origin: Scientific Data Analysis and Graphing Software Origin Lab
Corporation (formerly Microcal Software, Inc.). Web site: www. originlab. com. Commercial price: 595.Academicprice: 446, 2017.

24. Schneider, W. S. Rasband, and K.W. Eliceiri, “NIH Image to ImagelJ: 25 years of image analysis.” Nature methods, 9(7), 671. 2012.

25. N. Soni and S. Prakash, "Efficacy of fungus mediated silver and gold nanoparticles against Aedes aegypti larvae." Parasitology

1-5




26.

217.

28.

29.

30.

3L

research vol. 110, no. 1 pp: 175-184, 2012.

N. Soni and S. Prakash, "Synthesis of gold nanoparticles by the fungus Aspergillus niger and its efficacy against mosquito larvae."
Rep Parasitol vol. 2, pp: 1-7, 2012.

N. Soni and S. Prakash, "Fungal-mediated nano silver: an effective adulticide against mosquito." Parasitology research vol. 111, no.
5 pp: 2091-2098, 2012.

N. Soni and S. Prakash, "Microbial synthesis of spherical nanosilver and nanogold for mosquito control." Annals of microbiology
vol. 64, no. 3 pp: 1099-1111, 2014.

N. Soni and S. Prakash, "Silver nanoparticles: a possibility for malarial and filarial vector control technology." Parasitology research
vol. 113, no. 11 pp: 4015-4022, 2014.

N. Soni and S. Prakash, "Different geometrical AgNPs for vector control and their added value of antibacterial activity." J Parasitol
Photon vol. 105 pp: 232-243, 2015.

N. Soni and S. Prakash, "Green nanoparticles for mosquito control.” The Scientific World Journal 2014, 2014.

N. Soni and S. Prakash, "Antimicrobial and mosquitocidal activity of microbial synthesized silver nanoparticles." Parasitology
research vol. 114, no. 3 pp: 1023-1030, 2015.




