
33 

International Journal of Entomology Research 

www.entomologyjournals.com 

ISSN: 2455-4758 

Received: 16-06-2022, Accepted: 02-07-2022, Published: 18-07-2022 

Volume 7, Issue 7, 2022, Page No. 33-39 

Green and eco-friendly lemongrass palladium metallic nanoparticles for 

biocompatibility studies in Danio rerio and cytotoxicity studies in Aedes aegypti 

mosquito larvae 

Sachin B Ghar1, Yamilee K Das2, R M Mulani2 
1 Department of Zoology, School of Life Sciences, SRTMUN, Nanded, Maharashtra, India 
2 Department of Botany, School of Life Sciences, SRTMUN, Nanded, Maharashtra, India 

 

 

 

Abstract 

The LgPd NPs were synthesized biochemically, which are green NPs. The size of the NPs was around 20 nm, 

with an oval shape shown in the TEM of previously published data. These NPs were effectively trapped in 

mosquito larvae and caused the death of Aedes larvae due to ROS formation. Similarly, the NPs were treated 

with zebrafish embryos to check their toxicity level in higher animals, but it was observed that there was no 

near-death were recorded. The 10 µg/mL of LgPd NPs were enough to cause mortality in mosquito larvae, but a 

similar concentration in zebrafish embryos will not be lethal at all. The mechanism behind it was studied in these 

two species concerning the EPR effect and RES system and the generation of ROS supporting the proper 

development of higher animals and their effective body mechanism. This evaluation helps the biocompatible 

nature of prepared NPs and shows larvicidal activity against mosquito larvae. The current study explored the 

minor concentration, i.e. 10 µg/mL of LgPd NPs, successively killing the larvae, proving their larvicidal activity. 

ROS production deforms the larval structures; ROS formation was eliminated in zebrafish, and its effect was 

neutralized. This targeted therapy was helpful in theranostics purpose in living animals. 
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Introduction 

The zebrafish, also known as Danio rerio, is a well-known animal model for studying various diseases in human 

beings. The reason for choosing zebrafish as a model organism is the fast embryo development. The zebrafish 

eggs hatched in the next 48 hr, and the larvae will start to swim freely in the water [1]. Upto this developmental 

event, all the organelles were formed and started functioning normally. During the first few events of 

embryogenesis, the embryo becomes transparent so that we can study all the components of our interest nicely. 

Therefore, this efficient development of Danio provoked researchers to study all the pathways during the 

differentiation in a rapid duration, reducing uiredtiredxperimenting on multiple occasions [2]. Instead of a mice 

model, such a study will take a shorter period to execute. The zebrafish model works almost similarly to human 

beings. Hence, the diseases such as cancer, HIV, Alzheimer’s, cardio disorders, neurodegenerative disorders, 

lung infections, kidney dysfunctions, and many more are ongoing research in this model to find the possible 

alternative and theranostics for patients [3]. The zebrafish is a bisexual organism. The female Danio possesses the 

belly for egg development with silver-coloured bands alternating with blue ones. The male Danio is streamlined 

with pale yellow-coloured bands prominent during the breeding season. It is a freshwater fish and can be 

cultured in a lab environment. It is easy to culture and maintained in a small space as well. Therefore most of the 

research in today’s date is carried out in Danio rerio [4]. The Aedes aegypti is a vector mosquito for various 

diseases; hence, it must be controlled and killed to protect human life from its threat. The mosquito spreads viral 

and parasitic diseases effectively from one individual to another. Mosquitoes are present in every part of the 

world. Therefore it is essential to control their strength in advance to get protected from diseases [5]. The WHO 

says 6, 27, 000 deaths occur worldwide due to vector-borne diseases (VBDs), particularly due to malaria spread 

by mosquitoes [6]. In most cases, the Aedes are responsible for spreading chikungunya, yellow fever, dengue and 

zika virus [7]. The mosquito is an arthropod with jointed appendages and can fly as it belongs to class dipterans. 

The body system is not well developed; all the crucial and true organs are absent. There is an absence of a liver 

in the mosquito, due to which the malarial parasite cannot multiply in the mosquito; it needs a host to perform 

the multiplication after invading the liver. Therefore, such mosquitoes are the only vectors that carry life-

threatening viruses and parasites along with them to attack host animals. There is a primitive system present in 

mosquitoes. Hence, they can be killed easily, but their reproduction rate is high, and in a few days of 

development, they are ready for reproduction and lay the eggs in the form of a raft [8]. They do not need any 

special treatment for their survival. They need little water resources where they can lay the eggs and produce the 

larvae of mosquitoes. The Aedes are the blood-sucking vectors; hence they can easily transfer the pathogens 

from one to another through their bite. They suck the blood, and at the same time, the pathogen gets to enter the 
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host blood. The parasites do not play any multiplication or reproduction in the mosquito body due to the lack of 

real organs. Therefore the parasites or viruses in the mosquito body do not multiply due to the absence of an 

adequate amount of nutrient supply [9]. Once the infected mosquito invades the host’s skin, the parasites enter 

and perform their function, including multiplication; then, various steps in the liver and finally enter into the 

blood and show the deadly symptoms. Therefore, it is essential to kill the mosquitoes to protect humans from 

such symptoms. Therefore by looking into this issue, we have come up with a solution which targets the 

mosquito larvae, enters their body, disrupts the cell membrane and kills the larvae before they enter the adult 

stage [10]. The lemongrass palladium metallic nanoparticles (LgPd NPs) are the remedy to reduce the mosquito 

population in their essential habitat, i.e. water. Therefore, to protect living beings, such alternative solutions must 

be explored. The LgPd NPs are larvicidal in nature reported previously [11] and hence, used effectively to cause 

lethality in the larval population of mosquitoes. The LgPd NPs are eco-friendly, and green synthesized NPs. 

Therefore, it does not harm the animals and is biocompatible with them. These NPs are target-oriented and kill 

the outside scavengers. The remaining portions of NPs were removed by the reticuloendothelial system (RES). 

The removal can be done via liver and kidney, called hepatobiliary and renal clearance [12]. In the case of 

mosquito, no such system is present that recognize the NPs and stop them from harming themselves. Therefore, 

NPs enter into the body of such vectors and accumulate in newly forming structures during their development. 

This effect is called as enhanced permeation and retention (EPR) effect. Hence, the nano size of LgPd NPs plays 

a vital role in entrapping them into the newly forming structure and deforming them by the cumulative action of 

lemongrass extract by forming reactive oxygen species (ROS) and palladium NPs. Therefore, it disrupts the 

structure, breaks the lipid bilayer and kills the larvae; hence, it can be called larvicidal or insecticidal [13].  

 

Methods 

Materials 

Light microscope, previously synthesized LgPd NPs, Zebrafish received from ARI, Pune, Zebrafish eggs 

(embryos), Aedes larvae, Milli-Q water, Graphpad prism 5 software etc. 

 

Identification of Aedes larvae 

The Aedes mosquito and larvae its identified to study their modus operandi to infect living beings. The Aedes 

mosquitoes are preferably grown in a water medium and develop into larvae pupa and adult mosquitoes. The 

larvae were readily available in surrounding water bodies or could be cultured and reared in the lab for 

experimentation. Hence, the mosquito larvae were cultured according to the previously published data. In brief, 

the aquarium water was used to culture Aedes mosquito larvae. The significant difference was only the change in 

mosquito species. The present mosquito larvae species were identified under a light microscope, pictured well 

and stored in data for further record [14]. 

 

Synthesis and characterization of green and eco-friendly metallic LgPd NPs 

The production and its characterization were already done in previous publications. In short, the LgPd NPs were 

characterized for size via TEM analysis, and it was the confirmatory study for the shape and size of the NPs 

prepared [11]. 

 

Biocompatibility studies in the zebrafish embryos 

The Danio rerio, i.e. zebrafish embryos, were cultured and reared in our lab for the production of embryos and to 

perform the biocompatibility studies in the same animal model. These fish were obtained as a gift sample from 

ARI, Pune. The zebrafish were kept for breeding in a 2:1 ratio of female to male respectively, overnight. There 

was a lid placed between the two sexes for a thorough night. In the morning, the lid was removed, allowing them 

to spawn freely. In a short duration of about half an hour, the spawning between male-female was completed, 

and after the fourplay, the female zebrafish lay the fertilized eggs. These eggs were fertilized already due to male 

sperm in the water [15]. The fish were removed from the breeding tank, and eggs were collected and washed with 

milli-Q water. Later, these eggs were kept in an E3 medium for further development and experimentation. The 

collected eggs were now called an embryo. Those embryos are now referred to as single-cell embryos with yolk 

sacs. Soon the development starts and the embryo will be differentiated and determined. To study the effect of 

LgPd NPs on fish embryos, the NPs solution was added to a 6-well plate containing 10 embryos in each well. 

The E3 medium was added 3 mL in each well. The well without NPs solution was considered as a control. 10 

µg/mL to 30 µg/mL of NPs solution were added sequentially and mixed well in 6 well plates. The 

biocompatibility was recorded respective to the control, and a similar experiment was repeated thrice to confirm 

the results [16].  

 

Cytotoxicity evaluation in Aedes mosquito larvae 

The Aedes larvae were cultured according to the previously published data, and later on, it was added with LgPd 

NPs. The incubation period was 96 hr. The experiment was performed in a Petri dish. The 10 larvae were placed 

in each petri dish, and accordingly, the concentration of NPs from 10 µg/mL to 30 µg/mL was added with serial 

dilution. The larvae were observed and recorded the data for their cytotoxicity at the respective time. This 

experiment was performed with slight modification to previously published data. Once the incubation time was 

over, the larvae were counted in each Petri plate. The plate without NPs was labelled as a control [17]. 
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Generation of ROS and related cytotoxicity 

The ROS was formed during the incubation period with LgPd NPs. These ROS species were known to cause 

lethality in mosquito larvae. Therefore, the count decreased in number as the incubation period went on. The 

LgPd NPs were entered through the membranous pore called the siphon tube of larvae during its respiration and 

trapped in its body permanently. The larvae did not have enough body toxicity removal mechanisms. Hence got 

affected by the ROS production of NPs, and later on, it continued, the mosquito larvae were killed automatically. 

The ROS were produced by the action of lemongrass plant extract which readily produces ROS in an aqueous 

environment with a heating effect and causes membrane damage to the insects were reported [18]. 

 

Results and Discussions 

Identification of Aedes larvae 

The larvae were identified in the light microscope. The main difference between the Aedes larvae and other 

mosquito larvae was the presence of white markings on the legs and lyre marks on the thorax along with dark 

colour at the 4th instar stage of Aedes mosquito larvae. Such characteristic features made these mosquito larvae 

different from the other mosquito species. The Aedes larvae were identified, and the images were successfully 

captured in our data. Further, the data were compared with other mosquito larvae for confirmation of the results. 

It was observed that the presented mosquito species belong to the Aedes mosquito species (Fig. 1. A) [19].  

 

 
 

Fig 1: A) developmental stages of aedes aegypti a) Aedes aegypti eggs, b) aedes aegypti larvae, c) pupa d) aedes 

aegypti adult mosquito 

 

Synthesis and characterization of green and eco-friendly LgPd NPs 

The synthesis of LgPd NPs was performed with the use of previously published data. The synthesis of such NPs 

was eco-friendly to the living ones [11]. 

 

Biocompatibility studies in the zebrafish embryos 
 

 
 

Fig 2: A) graphical representation of the biocompatibility in a zebrafish embryo 

 

The biocompatibility studies were performed in the zebrafish embryo. The zebrafish eggs were kept in 6 well 

plates for incubation and mixed with E3 medium and LgPd NPs solution for further treatment. The results were 

observed nicely and predicted that the zebrafish embryo was not harmed by the normal concentration, such as 10 
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µg/mL of LgPd NPs. Therefore, it was proven that the LgPd NPs were not lethal for zebrafish embryos. The 

LgPd NPs were passively entered into the body of the zebrafish embryo by the mechanism of membrane 

permeability (Fig. 2. A) [20]. 

 

 
 

Fig 3: A) Biocompatibilty studies in zebrafish embryos Incubated with and without LgPd Nps upto 48hr 

  

These NPs were biocompatible with the fish embryos. The developing embryos were persisting the organelles in 

their body, successfully eliminating NPs from the body by renal clearance or hepato-biliary clearance. It was 

reported that the highly developed organisms had suitable toxicity removal mechanisms. The NPs were injected 

externally, so it was exterior in their origin; hence, the body pretends them to be foreign particles and emits 

signals for urgent removal with a cascade of reactions. These signals were sufficient to remove such foreign 

particles even if they were in nanosize. The larger toxicity removal gland such as the liver played a vital function 

in the removal and acceptable elimination of toxic substances or foreign particles from the body. The LgPd NPs 

have been synthesized via the green route. Hence, such particles were already eco-friendly in nature. It was 

designed to automatically remove it from the body after its successful action body mechanism helps them to get 

eliminated themselves after their successful action [21]. 

In this experiment, we wanted to show that the NPs were biocompatible with the animal body and that it was not 

harmful to the living ones explored during the investigation. The 10 µg/mL concentration of NPs was effective 

and didn’t show any cytotoxic effect in the zebrafish embryo (Fig. 3. A). The NPs were designed to accumulate 

in the living body where they found a space of nanosize, for example, in the developing arteries, or during the 

angiogenesis (metastasis), such particles were entered into those portions and act accordingly. The phenomenon 

by which such NPs accumulate the tissue was referred to as the enhanced permeation and retention effect (EPR 

effect). The zebrafish model was effectively studied for disease accumulation and theranostic. Therefore, the 

zebrafish model successfully demonstrated the EPR effect and the successive elimination of NPs after their 

action was achieved by the reticuloendothelial system (RES system). A similar experiment was repeated thrice 

and obtained identical results. The graph was plotted for the viability of embryos for an excellent understanding 

of the actual concentration effect of LgPd NPs (Fig. 4. A) [22]. 

 

 
 

Fig 4: A) Biocompatibility studies in zebrafish embryos with varied concentrations of LgPd NPs 
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Cytotoxicity evaluation in Aedes mosquito larvae 

 

 
 

Fig 5: A) Aedes Aegypti mosquito larvae treated with lemon grass palladium metallic NPs a) 10 µg /mL of 

LgPd NPs b) 20 µg ML of LgPd Nps c) 30 µg/mL of LgPd Nps 
 
The cytotoxicity profile of LgPd NPs on the Aedes mosquito was evaluated successfully. The concentration of 

10 µg/mL of LgPd NPs was causing lethality and mortality in Aedes mosquito larvae observed in the 

experiments. The results were more or less familiar with previously studied and published data with Culex 

pipiens. Most mosquito larvae follow similar development patterns and the life developmental stage. The Aedes 

mosquito larvae follow the same way, such as egg to larvae, then converted to pupa stage and finally into adult 

mosquito larvae. The synthesized NPs were immensely effective in killing the larvae of Aedes reported in our 

study. The resulting larvae accumulated with the LgPd NPs [23]. 

Later on, these larvae were subjected to further forming reactive oxygen species (ROS) due to their higher 

concentration in the body. The larvae did not have the mechanism to remove the accumulated NPs in the body 

due to the loss of organelles essential for removing harmful content from the body. Therefore it results in the 

death of larvae. The experiment explored the best results for killing larvae and gave an alternative solution for 

the routinely used cures to prevent mosquito growth and spread. The final results showed that all the 10 larvae 

died during the experiment performed in a Petri dish with LgPd NPs (Fig. 5. A). The results were plotted with 

the number of dead larvae versus the concentration of NPs, and obtained results were analysed (Fig. 6. A). This 

experiment was performed in triplicate, and more or less similar results were found in the subsequent 

investigation [24]. 

 

 
 

Fig 6: A Larvicidal Activity of LgPd NPs against Aedes Aegypti 

 

Generation of ROS and related cytotoxicity 

The ROS formed was due to the time action of LgPd NPs. Therefore, ROS generation is supposed to be an 

essential characteristic of NPs. The design of LgPd NPs made it essentially efficient in forming ROS. The lemon 

grass plant extract was biocompatible with living ones. But the production of ROS may facilitate the degradation 

of the cell membrane and finally leads to cause the death of cells, were reported in earlier research. 

Nanotechnology enables the active entry of the NPs into a respective target. In higher animals, the cytoplasmic 

organelles were responsible for removing toxicants from the body. Since creatures like mosquitoes could not 

survive in higher concentrations due to the loss of machinery to remove such ROS-forming species [24]. The 

higher animals such as zebrafish could manage the ROS species formed during the action of NPs and their body, 

removing such species which damaged their fate. Though this target-oriented therapy is responsible for curing 

diseases, the leftover content was expelled from the body. The ROS effectively killed cancer cells or abnormally 

growing cells as they were targeted in the case of Aedes mosquito larvae; no such elimination mechanism for 
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ROS was present; hence, they damaged the structure of larvae by deforming the membranous entity. The ROS is 

free radical species consisting of a singlet oxygen state and efficiently causes mortality in mosquito larvae. The 

LgPd NPs were biocompatible in zebrafish and lethal in Aedes mosquito larvae due to the formation of ROS. 

The larvae and the Petri dish were kept in the oven at 30 °C for around 10 minutes. The heat energy gained by 

the particles facilitates the production of and kills the mosquito larvae. The heat generation provokes the 

formation of the hydroxide free radical molecule. In the presence of superoxide dismutase, it forms hydrogen 

peroxide (H2O2). Later, the Fenton reaction proceeds to form the radicals. The heat reaction and lemon grass 

plant extract of LgPd NPs generates ROS in a cascade of response and cause the death penalty in Aedes larvae. 

This study showed an additional mechanism that rapidly deforms the larval structures [25]. 

 

 
 

Fig 7: Genesis of free radical species 

 

Conclusions 

The synthesized LgPd NPs were effective in killing the Aedes mosquito larvae. Hence, it has proven larvicidal 

activity. Similar NPs didn’t affect zebrafish embryos; they showed their eco-friendly and non-toxic nature in 

higher animals. These NPs can be used in targeted therapies for the treatment of diseases. The synthesized NPs 

have medicinal importance as they produce ROS at the cellular level and damage larval development. The 10 

µg/mL of NPs concentration was enough to cause the death of Aedes mosquito larvae. The current study opens 

the door for the further study of the EPR effect and RES system mechanism of higher animals and their 

advantages respectively. The loss of such systems in cold-blooded animal harm their survival. Therefore, the 

prepared NPs system is enormously helpful in preventing vectors and alternatively reducing the spread of vector-

borne diseases. 

 

Declaration of competing interest 

The author declares there is no conflict of interest to explore. 

 

Acknowledgements 

The author thanks the ARI, Pune for providing the zebrafish, Author S.B.G also thank the Gov. of India for the 

DST-Inspire fellowship (IF 180295).  

 

References 

1. Veldman M, Lin S. Zebrafish as a Developmental Model Organism for Pediatric Research. Pediatr 

Res,2008:64:470-476. https://doi.org/10.1203/PDR.0b013e318186e609 

2. Agnello M, Bosco L, Chiarelli R, Martino C, Roccheri MC. The Role of Autophagy and Apoptosis During 

Embryo Development. In (Ed.), Cell Death - Autophagy, Apoptosis and Necrosis. IntechOpen. 

https://doi.org/10.5772/61765 

3. Newman M, Ebrahimie E, Lardelli M. Using the zebrafish model for Alzheimer's disease research. Front 

Genet,2014:5:189. doi: 10.3389/fgene.2014.00189. PMID: 25071820; PMCID: PMC4075077. 

4. Watts SA, Powell M, D'Abramo LR. Fundamental approaches to the study of zebrafish nutrition. ILAR 

J,2012:53(2):144-60. doi: 10.1093/ilar.53.2.144. PMID: 23382346; PMCID: PMC4064678. 

5. Dahmana H, Mediannikov O. Mosquito-Borne Diseases Emergence/Resurgence and How to Effectively 

Control It Biologically. Pathogens.,2020:9(4):310. doi: 10.3390/pathogens9040310. PMID: 32340230; 

PMCID: PMC7238209. 



International Journal of Entomology Research   www.entomologyjournals.com 

39 

6. Campbell-Lendrum D, Manga L, Bagayoko M, Sommerfeld J. Climate change and vector-borne diseases: 

what are the implications for public health research and policy? Philos Trans R Soc Lond B Biol 

Sci,2015:370(1665):20130552. doi: 10.1098/rstb.2013.0552. PMID: 25688013; PMCID: PMC4342958. 

7. Patterson J, Sammon M, Garg M. Dengue, Zika and Chikungunya: Emerging Arboviruses in the New 

World. West J Emerg Med,2016:17(6):671-679. doi: 10.5811/westjem.2016.9.30904. Epub 2016 Sep 29. 

PMID: 27833670; PMCID: PMC5102589. 

8. Nicoletti M. Three scenarios in insect-borne diseases. Insect-Borne Diseases in the 21st Century, 2020, 99-

251. doi: 10.1016/B978-0-12-818706-7.00005-X. Epub 2020 Aug 21. PMCID: PMC7442119. 

9. Desquesnes M, Dargantes A, Lai DH, Lun ZR, Holzmuller P, Jittapalapong S. Trypanosoma evansi and 

surra: a review and perspectives on transmission, epidemiology and control, impact, and zoonotic aspects. 

Biomed Res Int,2013:2013:321237. doi: 10.1155/2013/321237. Epub 2013 Sep 18. PMID: 24151595; 

PMCID: PMC3789323. 

10. Ménard R, Tavares J, Cockburn I. et al. Looking under the skin: the first steps in malarial infection and 

immunity. Nat Rev Microbiol,2013:11:701-712. https://doi.org/10.1038/nrmicro3111 

11. Yamilee K Das, Sachin B Ghar. The implicit remedy to eradicate Culex Pipiens with eco-friendly bio-

integrated lemongrass palladium metallic nanoparticles, 2022. https://doi.org/10.5281/ zenodo.6610664 

12. Prokop A, Davidson JM. Nanovehicular intracellular delivery systems. J Pharm Sci. 2008 Sep;97(9):3518-

90. doi: 10.1002/jps.21270. PMID: 18200527; PMCID: PMC3747665. 

13. Nakamura Y, Mochida A, Choyke PL, Kobayashi H. Nanodrug Delivery: Is the Enhanced Permeability and 

Retention Effect Sufficient for Curing Cancer? Bioconjug Chem.,2016:27(10):2225-2238. doi: 

10.1021/acs.bioconjchem.6b00437. Epub 2016 Sep 2. PMID: 27547843; PMCID: PMC7397928. 

14. Ghosh A, Chowdhury N, Chandra G. Plant extracts as potential mosquito larvicides. Indian J Med 

Res,2012:135(5):581-98. PMID: 22771587; PMCID: PMC3401688. 

15. Berry JP, Gantar M, Gibbs PD, Schmale MC. The zebrafish (Danio rerio) embryo as a model system for 

identification and characterization of developmental toxins from marine and freshwater microalgae. Comp 

Biochem Physiol C Toxicol Pharmacol,2007:145(1):61-72. doi: 10.1016/j.cbpc.2006.07.011. Epub 2006 

Aug 10. PMID: 17020820; PMCID: PMC2573033. 

16. Avdesh A, Chen M, Martin-Iverson MT, Mondal A, Ong D, Rainey-Smith S, et al. Regular care and 

maintenance of a zebrafish (Danio rerio) laboratory: an introduction. J Vis Exp,2012:18(69):e4196. doi: 

10.3791/4196. PMID: 23183629; PMCID: PMC3916945. 

17. Ragavendran C, Mariappan T, Natarajan D. Larvicidal, Histopathological Efficacy of Penicillium 

daleae against Larvae of Culex quinquefasciatus and Aedes aegypti Plus Biotoxicity on Artemia nauplii a 

Non-target Aquatic Organism. Front Pharmacol,2017:8:773. doi: 10.3389/fphar.2017.00773. PMID: 

29163159; PMCID: PMC5663693. 

18. Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial reactive oxygen species (ROS) and ROS-induced ROS 

release. Physiol Rev,2014:94(3):909-50. doi: 10.1152/physrev.00026.2013. PMID: 24987008; PMCID: 

PMC4101632. 

19. Farnesi LC, Brito JM, Linss JG, Pelajo-Machado M, Valle D, Rezende GL. Physiological and 

morphological aspects of Aedes aegypti developing larvae: effects of the chitin synthesis inhibitor 

novaluron. PLoS One,2012:7(1):e30363. doi: 10.1371/journal.pone.0030363. Epub 2012 Jan 24. PMID: 

22291942; PMCID: PMC3265478. 

20. Chang CT, Amack JD, Whipps CM. Zebrafish Embryo Disinfection with Povidone-Iodine: Evaluating an 

Alternative to Chlorine Bleach. Zebrafish,2016:13(1):S96-S101. doi: 10.1089/zeb.2015.1229. PMID: 

27351620; PMCID: PMC4931736. 

21. Ferdous Z, Nemmar A. Health Impact of Silver Nanoparticles: A Review of the Biodistribution and Toxicity 

Following Various Routes of Exposure. Int J Mol Sci,2020:21(7):2375. doi: 10.3390/ijms21072375. PMID: 

32235542; PMCID: PMC7177798. 

22. Gupta R, Xie H. Nanoparticles in Daily Life: Applications, Toxicity and Regulations. J Environ Pathol 

Toxicol Oncol,2018:37(3):209-230. doi: 10.1615/JEnvironPatholToxicolOncol.2018026009. PMID: 

30317972; PMCID: PMC6192267. 

23. Batool K, Alam I, Wu S, Liu W, Zhao G, Chen M, et al. Transcriptomic Analysis of Aedes aegypti in 

Response to Mosquitocidal Bacillus thuringiensis LLP29 Toxin. Sci Rep,2018:8(1):12650. doi: 

10.1038/s41598-018-30741-x. PMID: 30140020; PMCID: PMC6107635. 

24. Abdal Dayem A, Hossain MK, Lee SB, Kim K, Saha SK, Yang GM, et al. The Role of Reactive Oxygen 

Species (ROS) in the Biological Activities of Metallic Nanoparticles. Int J Mol Sci,2017:18(1):120. doi: 

10.3390/ijms18010120. PMID: 28075405; PMCID: PMC5297754. 

25. Mugoni V, Camporeale A, Santoro MM. Analysis of oxidative stress in zebrafish embryos. J Vis 

Exp,2014:7(89):51328. doi: 10.3791/51328. PMID: 25046434; PMCID: PMC4212721. 


