
 

 

 © 2020 Doris Vela, Jonathan Rondal, Sofía Cárdenas, José Gutiérrez-Coronado, Eliza Jara, Alexis Debut and Fernanda 

Pilaquinga. This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0 license. 

American Journal of Applied Sciences 

 

 

 

Original Research Paper 

Assessment of the Toxic Effects of Chitosan-Coated Magnetite 

Nanoparticles on Drosophila melanogaster 
 

1Doris Vela, 1,5Jonathan Rondal, 3Sofía Cárdenas, 4José Gutiérrez-Coronado, 
3Eliza Jara, 2Alexis Debut and 3Fernanda Pilaquinga 

 
1Facultad de Ciencias Exactas y Naturales, Laboratorio de Genética Evolutiva, 

Pontificia Universidad Católica del Ecuador, Quito, Ecuador 
2Centro de Nanociencias y Nanotecnología, Universidad de las Fuerzas Armadas ESPE, Sangolquí, Ecuador 
3Facultad de Ciencias Exactas y Naturales, Laboratorio de Nanotecnología, 

Pontificia Universidad Católica del Ecuador, Quito, Ecuador 
4Universidad Autónoma de Madrid, Madrid, Spain 
5Departamento de Ciencias de la Vida y la Agricultura, Universidad de las Fuerzas Armadas ESPE, Sangolquí, Ecuador 

 
Article history 

Received: 16-07-2020 

Revised: 14-09-2020  

Accepted: 25-09-2020 

 

Corresponding Author: 

Doris Vela 

Facultad de Ciencias Exactas y 

Naturales, Laboratorio de 

Genética Evolutiva, Pontificia 

Universidad Católica del 

Ecuador, Quito, Ecuador 

Email: dvela508@puce.edu.ec 

Abstract: Nanoparticles are a cause for concern because of their potential 

toxic effects on human health and the environment. The aim of this study 

was to assess the toxic effect of chitosan-coated magnetite nanoparticles 

(11.00±4.7 nm) on Drosophila melanogaster through the observation of 

hemolymph composition, DNA damage, larval survival and lifespan of 

flies. Chitosan-coated magnetite nanoparticles were synthesized by co-

precipitation method. Drosophila larvaes and adults were exposed to 500 

and 1000 ppm nanoparticles solution. After exposure, each type of larval 

hemocytes was recognized. Comet assay was performed to detect the 

DNA damage in the hemocytes. Also, the larval survival and lifespan of 

exposed flies were observed. Our results showed the toxic effect of the 

chitosan-coated magnetite nanoparticles through the increment of 

hemocytes, the emergence of lamellocytes, the presence of apoptotic 

hemocytes and the DNA damage detected by comet assay. In addition, 

nanoparticles produce decreasing of larval survival and shortening of the 

mean and maximum lifespan. The toxic effect the chitosan-coated 

magnetite nanoparticles is directly associated with 1000 ppm. No DNA 

damage was observed at 500 ppm. 

 

Keywords: Comet Assay, Chitosan, Magnetite Nanoparticles, Hemolymph, 

Lifespan 

 

Introduction 

Drosophila melanogaster has proved to be a suitable 

organism for testing the toxic effects of nanomaterials 

(Canesi et al., 2015; Galenza and Foley, 2019; Ong et al., 

2015; Wilson-Sanders, 2011) for example by observing 

the migration and dynamics of hemolymph cell 

(Fauvarque and Williams, 2011), DNA damage in 

hemocytes (Carmona et al., 2015a; 2015b; Chifiriuc et al., 

2016), survival of larvaes and changes in the lifespan 

(Chifiriuc et al., 2016; Massie et al., 1985).  

In Drosophila, the cellular immune response is 

directly mediated by hemocytes changes in the density of 

hemolymph cell can be induced by foreign stimulus 

(Gillespie et al., 1997; Irving et al., 2005; Lackie, 1988). 

The Drosophila hemolymph includes three types of 

hemocytes: Plasmatocytes (95%) have the capacity to 

remove foreign material by phagocytosis; crystal cells 

(5%) are involved in melanin synthesis during pathogen 

encapsulation (Söderhäll and Cerenius, 1998); and 

lamellocytes, which are large, flattened cells whose 

differentiation is induced in response to patogens or the 

presence of foreign particles in the hemocoel    

(Carmona et al., 2015a; Cherry and Silverman, 2006; 

Irving et al., 2005; Lemaitre and Hoffmann, 2007). Also, 

the hemocytes are suitable cells to detect the DNA 

damage through the comet assay (Alaraby et al., 2015;    

Carmona et al., 2015b; Gajski et al., 2019). Lifespan of 

Drosophila could be critically influenced by the 

components of food, for example, the presence of iron in 

the diet produce accumulation of iron, shortening 

lifespan and senescence in the flies (Massie et al., 1985), 
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while carotenoids, some amino acids and proteins prolong 

the lifespan due to their antioxidant action (Hoedjes et al., 

2017; Zhang et al., 2014; Zhou et al., 2018). 

Magnetic nanoparticles are of great interest in 

biomedicine because of their diverse applications, which 

include drug delivery vehicles, tissue engineering, 

hyperthermia treatment for tumors and as contrast 

agents in magnetic resonance imaging (Markides et al., 

2012). From a chemical perspective, they are 

considered inert in biological media. Both in vitro and 

in vivo studies have revealed no obvious toxicity of 

magnetic nanoparticles, but potential toxicity has been 

observed in blood in organisms that have been exposed 

to magnetic nanoparticles (Elsabahy and Wooley, 2015; 

Sun et al., 2017).  

Magnetite is a type of iron oxide (Fe3O4) found in 

nature as cubic crystals (Iacovita et al., 2015). At the 

macroscopic scale, it behaves as a ferrimagnetic 

material, while at the nanometric scale, it is 

superparamagnetic (Iacovita et al., 2015). Magnetite has 

a highly reactive surface; thus, it can immobilize metals, 

enzymes and other molecules, giving it other 

functionalities, as they will provide different chemical 

groups to the surface without altering its magnetic 

properties (Ghazanfari et al., 2016). If no coating is 

present, magnetite nanoparticles (Fe3O4NPs) have a 

hydrophobic exterior, which facilitates the formation of 

agglomerates and, subsequently, bulky aggregates. NPs 

have a tendency toward aggregation, especially in 

biological fluids, due to the presence of salts and 

plasmatic proteins. These aggregates are incompatible 

with biomedical applications because they can obstruct 

blood capillaries (Hedayatnasab et al., 2018). A 

biocompatible cover layer may provide a physical barrier 

that prevents particle agglomeration.  

Several researchers have demonstrated the toxicity of 

magnetite nanoparticles through in vitro and in vivo 

studies (Mojica Pisciotti et al., 2014; S Shukla et al., 

2015). Zhang et al. (2016) evaluated the toxicity and 

biological behavior of magnetite nanoparticles in 

umbilical cord cells, showing that inflammation 

processes (but not apoptosis) occur within 24 h in 

concentrations up to 400 µg mL1. On the other hand, 

(Ma et al., 2012) performed a toxicity test of magnetite 

nanoparticles in mice; the results showed tissue damage 

at concentrations above 5 mg kg1. 

Chitosan (Ch) is the most abundant natural 

polysaccharide after cellulose and hemicellulose. It is a 

nontoxic, biodegradable and biocompatible 

polysaccharide obtained from the deacetylation of chitin, 

which is found in crustacean exoskeletons. Chitosan has 

amino and hydroxyl reactive groups that enable it to 

form new compounds, leading to different applications 

such as protein and metal adsorption (Kumar et al., 

2016; López et al., 2013; Shukla et al., 2015).  

In this study, the aim was to observe the toxic effect 

Ch- Fe3O4NPs on Drosophila melanogaster larvae 

hemolymph after exposure. For this, third instar larvae 

were exposed to 500 and 1000 ppm (parts per million, 

equivalent to mg/L) of Ch-Fe3O4NPs during 24 h. The 

toxic effect was evaluated using hemolymph in terms of 

total number of hemocytes, apoptotic plasmatocytes, 

lamellocytes and DNA damage (comet assay). 

Additionally, the toxic effect of Ch-Fe3O4NPs was 

observed through the mean and maximum lifespan and 

larval survival after exposure. 

Methods 

Reagents 

Unless otherwise specified, all chemical substances 

employed in the experimental procedures were of high 

purity, i.e., analytical grade or superior, from Merck or 

BDH Chemicals. Chemical formulas of some reagents 

replace the following names: Sodium hydroxide NaOH, 

hydrochloric acid HCl, ferric chloride FeCl3, ferrous 

chloride FeCl2, ammonium hydroxide NH4OH.  

Chitosan Extraction 

Wet shrimp exoskeletons (4 kg) were collected, kept 

refrigerated for two days, washed with water and oven-

dried at a temperature of 80°C for three days. They were 

then crushed in a grinder to obtain a powder; dry mass 

was approximately 12% of the initial weight. This 

powder was treated with 250 mL of xylene, stirred and 

heated for 24 h to remove pigments and later dried at 

50°C in the oven for 24 h. The obtained product was 

mixed with 250 mL NaOH 6 mol L1 at 65°C, constantly 

stirred for 24 h and filtered with deionized water to 

remove all excess soda. Subsequently, it was decalcified 

with 250 mL HCl 6 mol L1 for 24 h with constant 

shaking. It was then washed, filtered and neutralized. 

The descaled precipitate (chitin) was deacetylated to 

obtain chitosan; the reaction was performed with 250 mL 

NaOH 17.5 mol L1 for 24 h at 65°C and the mixture 

underwent constant stirring. Finally, it was filtered, 

neutralized and dried. 

Ch-Fe3O4NPs Synthesis and Characterization 

Ch-Fe3O4NPs were prepared as per the protocol 

suggested by (Gregorio-Jauregui et al., 2012) with 

slight modifications. All solutions were prepared in 

the lab the day before the experiments. Ch-Fe3O4NPs 

were synthetized by combining 50 mL of FeCl3 6H2O 

0.32 mol L1 with 50 mL of FeCl2 4H2O 0.2 mol L1 

and 50 mL of chitosan 0.25% (w/v in acetic acid). The 

mix was heated at 50°C for 10 min with constant 

stirring; 20 mL of NH4OH 10 mol L1 were added 

drop by drop (one drop every 2 s) as a reducing agent. 
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Immediately, the oxidative atmosphere became inert 

(helium atmosphere) for 20 min. Ch-Fe3O4NPs s were 

separated with the help of an Nd-Fe-B magnet 

(Supermagnete) and washed three times with 10 mL 

of deionized water and acetone in an ultrasonic bath 

(Branson 3510) for 10 min. To activate the 

nanoparticles, they were washed three times with 10 

mL of absolute ethanol and dispersed in pure water 

for 10 min in an ultrasonic bath at 40 kHz. 

Transmission Electron Microscopy (TEM) 

micrographs were obtained using a FEI Tecnai G2 Spirit 

Twin at 80 kV (Holland). Dynamic Light Scattering 

(DLS) was conducted with diluted solutions previously 

filtered with a 220 nm PVDF filter membrane (Whatman, 

China), using the HORIBA LB-550 analyzer. The 

elemental analysis was obtained by Energy Dispersive X-

ray Spectrometry (EDS), which was performed in an SEM 

chamber (Tescan Mira3) using a Bruker X-Flash 630 

detector with a 123 eV resolution at Mn Kα. A sample 

was fixed in a stub previously placed within two layers of 

conductive double-sided carbon tape and covered with 20 

nm of a conductive gold layer (99.99% purity) using a 

combined Quorum Q150R ES sputtering and evaporating 

system. The X-Ray Diffraction (XRD) measurement was 

carried out using an Empyrean diffractometer from 

PANalytical, operating in a θ-2θ configuration (Bragg-

Brentano geometry) and equipped with a Cu X-ray tube 

(Kα radiation λ = 1.54056 Å) operating at 40 kV and 40 

mV. To obtain the size of the crystals (D), the Scherrer’s 

formula Equation (1) was applied: 

 

/D k cos     (1) 

 

where, λ is the wavelength of the X-Ray sources, k (= 

0.89) is the Scherrer constant, β is the experimental Full-

Width at Half-Maximum (FWHM) of the respective 

diffraction peak (radians) and θ is the Bragg angles 

(Kroon, 2013). Fourier-Transform Infrared spectroscopy 

(FTIR) spectra were obtained using a Perkin Elmer 

Spectrm BX Spectrometer with Pike MIRacleTM ATR 

coupling (ZnSe crystal) ranging from 4000 to 520 cm1, 

with 4 cm1 resolution and 10 scans per sample. 

Exposure of D. melanogaster Larvae to Ch-

Fe3O4NPs 

Third instar D. melanogaster larvae (Oregon R+ 

strain) were exposed to two treatments during 24 h: 500 

and 1000 ppm of Ch-Fe3O4NPs and a control without 

nanoparticles (neither chitosan- nor magnetite-coated). 

Ch-Fe3O4NPs were supplied through the culture 

medium, which was prepared by adding the 

corresponding number of nanoparticles to 1 L of culture 

medium and resuspended until homogenization 

following the procedure of (Ahamed et al., 2010). Fly 

maintenance and larvae exposures were conducted at 

22°C and with a 12:12 light–dark cycle. The hemolymph 

of exposed larvae was extracted and analyzed to detect 

immune system cell activation through the total number 

of hemocytes, apoptotic plasmatocytes and lamellocytes, 

as well as DNA damage (comet assay).  

Hemocyte Count 

After exposure, 3 µL of hemolymph was extracted from 
30 larvae using the procedure of Palanker-Musselman 
(2013) and the hemocytes were stained with trypan blue 
0.4% (Santa Cruz Biotechnology). Each treatment was 
repeated three times. Based on the morphology and color, 
normal hemocytes (transparent cells), apoptotic 
plasmatocytes (blue cells) and lamellocytes (large, flat 
cells) were identified. The hemocytes were counted 
using a Neubauer chamber in a ZEISS Imager A2 
microscope (40x/0.75); the number of hemocytes 
(normal hemocytes, apoptotic plasmatocytes and 
lamellocytes) in non-exposed larvae and larvae exposed 
to 500 and 1000 ppm of Ch-Fe3O4NPs was determined.  

Comet Assay 

The alkaline version of the comet assay was 

performed using hemocytes of larvae exposed to 500 and 

1000 ppm of Ch-Fe3O4NPs and of the control group 

(non-exposed larvae), according to the protocol 

described in (Alaraby et al., 2015). The comets were 

visualized using an Olympus DP72 fluorescence 

microscope with a 100x/0.17 lens.  
One hundred hemocyte comets were observed for 

each treatment. Image captures and comet tail length 
were measured using the ImageJ software version 
1.50e. The parameters used to estimate DNA damage 
were (a) percentage (%) of DNA in the comet tail and 
(b) tail length (µm). 

Lifespan and Larval Survival 

To observe the nanoparticles’ effect on lifespan, flies 

(n = 100 per treatment) were isolated 24 h after emerging 

and placed in vials containing the culture medium for 

each treatment (500 and 1000 ppm and the control 

without Ch-Fe3O4NPs). Flies were counted every day 

and placed in fresh culture medium (corresponding to 

each treatment) every 2-3 days. Mean lifespan was 

estimated as the number of days corresponding to the 

survival of 50% of the flies and maximum lifespan was 

estimated as the survival of 5%. The survival curves 

were created with these data. 

To determine larvae survival, third instar larvae (n = 

100 per treatment) were exposed to each treatment (500 

and 1000 ppm in the culture medium and the control 

without Ch-Fe3O4NPs) and the emerged progeny were 

counted. Adults that did not emerge from pupae after 8 

days were considered dead. Three repetitions were 

performed for each treatment and control to determine 

the survival percentage. 
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Statistical Analysis 

For the hemocytes count, statistical differences 

between treatments were analyzed through a one-way 

Analysis Of Variance (ANOVA) in SPSS 25.0 

(Windows Version 25.0, NY, IBM Corp.). A Bonferroni 

post-hoc test was performed to compare differences 

between nanoparticle treatments versus the control test 

for each hemocyte type. A probability higher than 5% 

(p-value < 0.05) was considered statistically significant.  

The comet assay, lifespan and larval survival results 

were analyzed with a one-way ANOVA test using SPSS 

25.0. A probability higher than 5% (p-value < 0.05) was 

considered statistically significant. A Bonferroni post-

hoc test was performed to compare the control versus the 

treatments exposed to Ch-Fe3O4NPs. 

Results 

Characterization of Ch-Fe3O4NPs 

The TEM micrograph of Ch-Fe3O4NPs (Fig. 1A) and 
the shape frequency histogram (Fig. 1B) show the 
dispersed nanoparticles. The average size of the 155 
TEM-measured nanoparticles was 11.0±4.7 nm. This is 
consistent with the hydrodynamic diameters of the 
nanoparticles determined using DLS: 9.2±0.3 nm (Fig. 
1C). Similar results obtained through TEM and DLS 
indicate that the chitosan coating is less than 1 
nanometer (Ramesh et al., 2016).  

Field Emission Gun Scanning Electron Microscope 
(FEG-SEM) micrograph furthermore inserted EDS 
spectrum are shown in Fig. 1D. The irregular surface of Ch-
Fe3O4NPs and the chemical composition which consists of 
Fe, C, N, O and Cl, are observed. Fe corresponds to the 
nanoparticles. Elements such as C, N, O are in chitosan and 
Cl comes from precursors of inorganic salts. To avoid 
biased determinations of the chemical composition of the 
samples due to their inhomogeneity, the spectra are 
obtained from a 25-point grid. 

The Ch-Fe3O4NPs crystalline nature was confirmed 
from the XRD analysis (Fig. 1E). The Bragg peaks at 
36.06 coincide with the cubic phase of Fe3O4 (ICSD: 
96012). The lattice parameter and highest intensity plane 
(113) are well matched and consistent with other 
reported patterns (Gregorio-Jauregui et al., 2012). 
Additional peaks are observed around 15 and 20. To 
our knowledge, they correspond to chitosan extract 
impurities and their combination with the chemical 
compounds. Hematite or metal hydroxides were not 
identified, which confirms the complete formation of 

Fe3O4. The Debye Scherrer equation at the highest 
reflection peak (FWHM = 0.168) gives an approximate 
size of 50 nm for the Fe3O4NPs. This calculated value is 
higher than the TEM and DLS values, which is likely 
due to the agglomeration of the organic extract.  

FTIR spectra results demonstrated successful coating of 

magnetic nanoparticles with chitosan. Figure 1F shows that 

the FTIR spectrum of the obtained Ch-Fe3O4NPs displays a 

similar pattern to that of Fe3O4NPs and chitosan. In 

accordance with previous literature (Brugnerotto et al., 

2001; Hedayatnasab et al., 2018; Ramesh et al., 2016), the 

characteristic absorption bands for pure chitosan appear at 

3400 (O-H and N-H stretching vibrations), 2800 (C-H 

stretching vibrations), 1600 (N-H bending vibrations), 

ca. 1400 (C-N stretching vibrations) and 1000 cm−1 (C-

O-C stretching vibrations). The bands at 1600 and 1400 

cm–1 appear broad due to the association of the amine 

group with NPs. In contrast to chitosan, the Ch-

Fe3O4NPs spectrum shows weak absorption bands 

around 1000-1100 cm−1 probably owing to structure 

stiffening by hydrogen bonds between H-N) Ch…O-

H)NPs. One additional sharp band (NPs-peak) at 560 

cm−1 also appears, which corresponds to Fe-O stretching 

vibrations in magnetite (Brugnerotto et al., 2001).  

Hemocyte Count 

The changes in the total number of hemocytes and 

the presence of apoptotic or specialized cells were 

examined in the larval hemolymphs exposed to Ch-

Fe3O4NPs. Apoptotic hemocytes were identified by the 

blue coloration after trypan blue passed through the cell 

membrane. Lamellocytes were observed as large and 

irregular cells (Fig. 2). 
The total number of hemocytes increased in larvae 

exposed to 1000 ppm (mean: 411.33) but decreased in 
larvae exposed to 500 ppm (mean: 201.67) compared with 
the control group (mean: 235.67). The larvae exposed to 
1000 ppm also showed an increase in the number of 
apoptotic plasmatocytes (mean: 54.33) compared with the 
500 ppm group (mean: 8.6) and control group (mean: 
0.33). Lamellocytes were not present in the control larvae, 
but this type of cell was observed in the larvae exposed to 
500 ppm (mean: 1.3) and 1000 ppm (mean: 13.3). 

Statistical analysis for all counted cells (total number 

of hemocytes, apoptotic plasmatocytes and lamellocytes) 

showed little difference (p ≥ 0.05) between the larvae 

exposed to 500 ppm and the control group but showed 

significant difference between the 1000 ppm treatment 

and the control group (Table 1). 

 
Table 1: Hemocytes counts per treatment 

Treatment Total hemocytes Apoptotic plasmatocytes Lamellocytes 

Control 707 1 0 

500 ppm 605 26 4 

1000 ppm 1234* 163* 40* 

*Statistical significant p<0.05  
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Fig. 1: Characterization of Ch-Fe3O4NPs: TEM micrograph Bar = 200 nm (A), nanoparticle frequency histogram size (B), DLS 

histogram (C), FEG-SEM micrograph, EDS inset (D), X-ray diffraction pattern of Ch-Fe3O4NPs (E) and Fourier-transform 

infrared spectroscopy spectra of Fe3O4NPs, chitosan and Ch-Fe3O4NPs (F) 

 

 
 
Fig. 2: Hemolymph cells observed after nanoparticle exposure. (A) normal plasmatocyte, (B) apoptotic plasmatocyte, (C) normal 

lamellocyte, (D) apoptotic lamellocyte (40x/0.75) 

 

Comet Assay 

The comet assay was used to observe potential DNA 

damage in the hemocytes of larvae exposed to Ch-

Fe3O4NPs DNA damage was detected by the presence of 

a comet tail in the cell nucleus. Comets without DNA 

damage and comets with a high level of DNA damage 

were identified (Fig. 3). 

DNA damage in the hemocytes produced by 

exposure to each treatment was estimated based on the 

DNA percentage (DNA %) in the comet tail and comet 

tail length. A direct association between Ch-Fe3O4NPs 

concentration and DNA damage was observed. The 

level of DNA damage produced by each treatment was 

estimated based on the DNA percentage in the comet 

tail (Fig. 4A) and comet tail length (µm) (Fig. 4B). The 

highest level of DNA damage was observed in the 

larvae exposed to 1000 ppm, followed by the larvae 

exposed to 500 ppm and the controlled larvae. 

However, non-statistical differences were observed 

between the larvae exposed to 500 and 1000 ppm (p ≥ 

0.05). Therefore, both Ch-Fe3O4NPs concentrations 

were able to produce DNA damage, which contrasts 

with the control test.  

Lifespan 

The mean and maximum lifespans were estimated for 

flies exposed to Ch-Fe3O4NPs (500 and 1000 ppm) and 

for non-exposed flies (control). The total lifespan was 67 

days for non-exposed flies and 51 and 41 days for flies 
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exposed to 500 and 1000 ppm, respectively. The 

maximum lifespan for non-exposed flies was 59 days; 

lifespan reduction of 26% (44 days) and 36% (39 days) 

was observed for flies exposed to 500 and 1000 ppm, 

respectively (Fig. 5). Also a reduction of mean lifespan 

was observed in flies exposed to 500 and 1000 ppm, 18 

and 23 days respectively; mean lifespan of non-exposed 

flies was 31 days. Statistical analysis did not show 

significant differences (p-value = 0.98) between the flies 

exposed to 500 and 1000 ppm.  
 

 
 
Fig. 3: Nucleus observed in the comet assay. (A) Hemocyte without comet tail, (B) hemocyte with comet tail and DNA damage. 

400X (Bar = 25 μm) 

 

 
 
Fig. 4: DNA damage observed by the comet test assay. Two parameters were used to estimate DNA damage: (A) % DNA in the 

comet tail and (B) comet tail length (µm) 
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Fig. 5: Lifespan curves. Exposure to 500 and 1000 ppm of Ch-Fe3O4NPs and the control without NPs 

 

Survival after Exposure to Ch-Fe3O4NPs 

The survival of larvae after exposure to Ch-

Fe3O4NPs was estimated. Survival was defined as the 

capacity of larvae to continue with metamorphosis up 

to the adult stage. 

The parameter used to estimate larval survival was 

the percentage of flies hatched after exposure. The 

percentage of survival in non-exposed flies was 84% 

(mean = 84.6); this decreased to 61% (mean = 61.0) in 

larvae exposed to 500 ppm and to 51% (mean = 51.3) in 

larvae exposed to 1000 ppm. Some differences were 

observed when the control group was compared to the 

500 and 1000 ppm exposure groups, but significant 

differences were also observed between the 500 and 

1000 ppm groups (p-value = 0.047). Low survival is 

directly associated with the concentration of Ch-

Fe3O4NPs; therefore, exposure to a highly concentrated 

dose of Ch-Fe3O4NPs leads to high larva mortality.  

Discussion 

In this study, larvaes of D. melanogaster exposed 
to Ch-Fe3O4NPs for 24 h presented changes in the cell 
density hemolymph composition: Increase in the 
number of plasmatocytes, emergence of lamellocytes 
and the presence of apoptotic plasmatocytes. 
Additionally, DNA damage in hemocytes and high 
mortality of larvae were observed. 

The increase of plasmatocyte density and the 

emergence of lamellocytes were observed in larvae 

exposed to 500 ppm and 1000 ppm of Ch-Fe3O4NPs. 

However, the effect of 1000 ppm concentration was toxic, 

while that of 500 ppm was less harmful for the 

hemolymph cells. This observation can be explained by 

the presence of hemocytes, both those circulating (in the 

hemolymph) and sessile hemocytes (in the body wall), 

which have different functions during the immune 

response. Circulating plasmatocytes in the larvae arise 

from prohemocytes (embryonic macrophages); this 

differentiation occurs during normal larval development in 

Drosophila (Honti et al., 2010). However, when an event 

like the detection of pathogens, parasites, or foreign 

particles occurs, the cellular immune response is activated 

(Zettervall et al., 2004) and the sessile hemocytes detach 

from the epithelium and enter the circulating hemolymph, 

triggering the differentiation of plasmatocytes or 

lamellocytes and increasing the number of circulating 

hemocytes (plasmatocytes and lamellocytes). The 

emergence of lamellocytes could be explained by both 

prohemocytes and plasmatocyte differentiation, but 

plasmatocyte differentiation to create lamellocytes is 

triggered by immune induction (Honti et al., 2014; 2010; 

Stofanko et al., 2010). Therefore, both the increase in the 

number of circulating plasmatocytes and the emergence of 

lamellocytes could be a signals of immune response in 

front of toxic effect of the nanoparticles.  

Larvae exposed to 1000 ppm of Ch-Fe3O4NPs 

showed the highest number of emergent lamellocytes 

(163 cells), apoptotic hemocytes (40 cells) and DNA 

damage. This suggests that high concentrations of 

nanoparticles could produce toxic effects in hemocytes. 

This dose-concentration effect of Ch-Fe3O4NPs is 

supported by the statistical analysis that shows no 

difference between the 500 ppm treatment and the 

control but significant difference between the 1000 ppm 

treatment and the control. 
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The presence of apoptotic cells is an indication of 

hemocyte damage and hemocyte death due to cell 

membrane damage. In this study, a high number of 

apoptotic cells were observed in larvae exposed to 1000 

ppm of Ch-Fe3O4NPs, determined through the increase 

of blue-stained hemocytes in these larvae. Apoptosis 

plays a key role by eliminating cells subjected to various 

stress factors, (Gervais et al., 2015) in this case by toxic 

effect of nanoparticles. 

In addition, Ch-Fe3O4NPs` toxic effect on DNA was 

demonstrated through the comet assay, the level of DNA 

damage can be determined by the DNA percentage in the 

comet tail and comet tail length. Comet assay provides a 

precise way to detect the effects of Ch-Fe3O4NPs by means 

of measuring DNA strand breaks (Augustyniak et al., 2016; 

Collins, 2004); this allows for the identification of 

nanoparticles’ possible mode of action at the molecular 

level. In this study, exposure to 1000 ppm of Ch-

Fe3O4NPs produced the highest percentage of DNA in 

the comet and the longest comet tail. 

In Drosophila, lifespan can be determined by genetic 

factors (Kimber and Chippindale, 2013; Zhou et al., 

2018) but also by dietary nutrients (Hoedjes et al., 2017). 

Our results demonstrate that oral exposure to Ch-

Fe3O4NPs shortened mean and maximum lifespan, reduced 

larval survival, produce DNA damage and increased 

hemocytes number. Similar results have been reported in 

Drosophila after exposure to silver nanoparticles and 

cerium (a rare element that can produce oxidative 

damage); these events have been attributed to oxidative 

stress processes (Ahamed et al., 2010; Huang et al., 

2010). Conversely, a diet that includes antioxidants has 

been found to extend lifespan and reduce signs of aging 

in Drosophila (Peng et al., 2012; Wang et al., 2015; 

Zhou et al., 2018). In previous studies, toxic effects of 

metal nanoparticles alters the lifespan of some insects 

(Jiang et al., 2015; Mehta et al., 2009; Small et al., 

2016), for example in Blatella germanica, gold 

nanoparticles produces a sublethal effect on larval 

viability and lifespan reduction. 
Ch-Fe3O4NPs’ toxic effect at 1000 ppm was 

demonstrated in this study, dose concentration was an 
important factors that influence the level of toxicity in 
hemocytes, larvaes and adults of D. melanogaster. 

Conclusion 

The toxic effect of Ch-Fe3O4NPs at 1000 ppm was 

observed in the hemolymph of Drosophila larvae 

exposure to Ch-Fe3O4NPs. Were detected increase of 

hemocyte density, emergence of lamellocytes, presence 

of apoptotic hemocytes, DNA damage. Additionally, 

was observed shortening of lifespan and decreased larval 

survival associated with the toxic effect of dose-

concentration of Ch-Fe3O4NPs. The nanoparticles’ toxic 

effect at 500 ppm could have toxicity risks, but these 

have not been detected at all levels of NPs tested 

concentrations. These results are important for taking 

advantages of the Ch-Fe3O4NPs characteristics and for 

planning the proper use in human activities. 
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