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ABSTRACT

Background: Aedes aegypti is currently controlled with synthetic larvicides; however, mosquitoes have become highly resistant to these 
larvicides and difficult to eradicate. Studies have shown that insecticides derived from fungal extracts have various mechanisms of action 
that reduce the risk of resistance in these mosquitoes. One possible mechanism is uncontrolled production of reactive oxygen species 
(ROS) in the larvae, which can cause changes at the cellular level. Thus, the crude extract of Xylaria sp. was evaluated to investigate the 
oxidative effect of this extract in A. aegypti larvae by quantifying the oxidative damage to proteins and lipids. 

Methods: The larvicidal potential of the crude extract of Xylaria sp. Was evaluated, and the extract was subsequently tested in human 
lung fibroblasts for cytotoxicity and ROS production. ROS level was quantified in the larvae that were killed following exposure to the 
extract in the larvicide test. 

Results: The crude extract of Xylaria sp. Caused cytotoxicity and induced ROS production in human lung fibroblasts and A. aegypti larvae, 
respectively. In the larvicide trial, the extract showed an LC50 of 264.456 ppm and an LC90 of 364.307 ppm, and was thus considered 
active. The extract showed greater oxidative damage to lipids and proteins, with LC90 values of 24.7 µmol MDA/L and 14.6278 ×10-3 nmol 
carbonyl/ mg protein, respectively.  

Conclusions: Crude extracts of Xylaria sp. induced oxidative stress that may have caused the mortality of A. aegypti larvae.

Keywords: Cytotoxicity. Carbonyl. Dengue. TBARS. Endophytic fungus.

INTRODUCTION

The mosquito Aedes aegypti is the main vector of dengue, 
chikungunya, and Zika virus1,2, which are considered serious public 
health problems in Brazil and worldwide. The tropical regions of 
Brazil has the highest incidence of these diseases2. The northern 
region had the highest number of probable cases of Zika (919 
cases; 39.2%) of the total cases in Brazil3. As no vaccine against 

the aforementioned diseases is available, the most effective 
mechanism for prevention is to control the vectors (mosquitoes 
and larvae). Thus, the integrated vector control measure defined 
by the World Health Organization (WHO)4 includes inspection, 
environmental management, biological control, chemical control 
using insecticides and repellents, traps, and insecticide resistance 
management. The biological control of mosquitoes involves the 
use of various predators, aquatic invertebrates, fungal and bacterial 
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pathogens, nematode parasites, and fish that feed on larvae5. 
Chemical control is currently carried out by synthetic larvicides 
derived from organophosphorus compounds, carbamates, and 
pyrethroids; however, they cause great environmental damage, are 
costly6, and have been causing high resistance rates in A. Aegypti7.

Owing to the resistance of mosquitoes and the low 
effectiveness and high cost of programs to control the vectors of 
these diseases8-10, new strategies are needed to combat vectors 
using mechanisms that are less polluting, less toxic, and pose less 
risk to human health11,12. Some studies involving natural bioactive 
products made from endophytic fungi have revealed promising 
alternatives13. Endophytic fungi are microorganisms that inhabit 
the internal parts of host plants in all or part of their life cycle and 
produce a vast amount of bioactive metabolites14,15.

According to Aury7, larvicides and insecticides from endophytic 
fungal extracts are widely used today and have an advantage over 
synthetic compounds, given their various action mechanisms, 
which reduces the risk of resistance in mosquitoes17,16. According 
to the literature17,18, an example of the action mechanism of 
endophytic fungi is the release of reactive oxygen species (ROS), 
which results in cellular oxidative damage in insects and larvae17 
because ROS are free radicals that can cause cellular toxicity when 
antioxidant enzymes are produced in less quantity than ROS18.

Although many studies on the metabolites of fungal 
endophytes have been conducted, only one has been reported19, in 
which endophytes of the genus Xylaria showed a larvicidal activity 
against A. aegypti20. Xylaria endophytes belong to the family 
Xylariaceae (Sordariomycetes, Xylariales), which has at least 85 
genera and probably more than 1,000 species21, and can produce 
metabolites with a wide spectrum of biological activities20,22. Thus, 
this study aimed to evaluate the larvicidal activity of the raw extract 
of Xylaria sp. against third-instar larvae of A. aegypti, and to verify 
the possible entomotoxic effects of this extract.

METHODS

Plant material 

The endophytic fungus Xylaria sp. was isolated from the 
plant species Passovia Stelis (L.) Kuijt (Lorantahaceae), which was 
collected from the campus of the Federal University of Amazonas 
(3°08′57″S, 58°26′38″W), in the city of Manaus, Amazonas, Brazil. 
A voucher specimen (No. 11422) was deposited in the herbarium 
of the university.

Isolation and identification of the fungus 

The endophytic fungus was isolated according to the method 
described by Maier23 and Souza24. Fungal isolates were identified 
by grouping their macromorphological and micromorphological 
similarities. The endophytic fungi were preserved in distilled 
water25.

Preparation of Xylaria sp. raw extract

Xylaria sp. was harvested and transferred to 35 Erlenmeyer 
flasks containing 300 mL of potato dextrose broth and maintained 
at a controlled temperature of 28 °C for 28 days. After fermentation, 
the medium was filtered to remove the visible mycelium and 
subjected to liquid/liquid partition with ethyl acetate evaporated in 
a rotary evaporator. The resulting raw extracts were subsequently 
subjected to larvicide testing.

Larvicidal test

Mosquito breeding 

The eggs of A. aegypti were obtained from a colony kept in 
an insectarium at the Laboratory of Malaria and Dengue of the 
National Amazon Research Institute. The eggs were then immersed 
in water until hatching. For bioassays, the resulting larvae were fed 
crushed larval food until the third instar phase under the growth 
conditions described by Medeiros et al.26: temperature, 26 ± 2 °C; 
humidity, approximately 80%, photoperiod, 12 h.

Selective larvicidal bioassay

Five disposable cups with a capacity of 50 mL containing 9.8 
mL of water were used for the selective bioassay. Briefly, 10 third-
instar larvae of A. aegypti were introduced into each cup. Next,  
100 µL of Xylaria sp. extract diluted in dimethyl sulfoxide (DMSO) 
was pipetted separately into each cup at concentrations of 500, 
250, 125, 62.5, and 31.25 ppm, followed by 100 µL of crushed 
larval food. Each bioassay was performed in triplicates. DMSO (1%) 
was used as a negative control. The final volume of each cup was  
10 mL. Bioassay readings were taken at 24, 48, and 72 h after the 
exposure of the larvae to the extract. 

Dose-response bioassay

Dose-response bioassays were performed according to the 
WHO protocol3. The five concentrations used in this assay were 
developed from the lowest concentration that caused at least 
50% mortality of the larvae in the selective bioassays. The test 
was performed in quintuplicates. Data were analyzed by one-way 
ANOVA (p ≤ 0.05) using the GraphPad Prism software (version 
6.0; San Diego, CA, USA) and expressed as mean (%) ± standard 
deviation. Lethal concentrations (LC50 and LC90) and confidence 
intervals (CI = 95%) were calculated using Probit analysis  
in the Poloplus software version 1.0 (LeOra Software,  
Berkeley, CA)27.

In vitro cytotoxicity

Cytotoxicity testing of Xylaria sp. extract was performed 
according to the methodology described by Ahmed et al.28. 
Resazurin (AlamarBlue®) and MRC-5 cells (ATCC-CCL-171-human 
lung fibroblasts) were used to evaluate the toxicity of the extract in 
humans if used as a larvicide. Doxorubicin (20 µg.mL-1) was used as 
a positive control, and DMSO (0.1%) was used as a negative control. 
Fluorescence was measured at 570 nm using an Elisa Microplate 
reader (DTX-800; Beckman Coulter). Data were analyzed by a  
two-way ANOVA test (p ≤ 0.05) using GraphPad Prisma version 
6.0, and were used to calculate the IC50 of the extract.

Determination of ROS levels using DCFH-DA

ROS levels in MRC-5 cells following treatment with Xylaria sp. 
extract were determined using 2′,7′- dichlorohydrofluorescein 
diacetate (DCFH-DA) according to the method described by 
Eruslanov and Kusmartsev29. Paclitaxel (256 µg) mL-1) and hydrogen 
peroxide (17 µg. mL-1) were used as positive controls, and 
buffered saline solution (PBS) was used as a negative control. Cell 
fluorescence was determined at 570 nm using an Elisa Microplate 
reader (Dx800 multimode detector; Beckman Coulter). Data were 
analyzed by two-way ANOVA (p≤ 0.05) using GraphPad Prisma 
version 6.0.
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TABLE 1: Results of dose-reactive bioassays of different concentrations of Xylaria sp. extract in A. aegypti larvae.

Treatment Concentration (ppm) n (samples)
Mortality (%)

24 h 48 h 72 h

Xylaria sp.

400 100 91 5 0

375 100 80 9 2

350 100 69 17 0

325 100 61 13 3

300 100 49 25 2

275 100 35 13 7

DMSO 1 (%) 100 0 0 0

Lipid and protein oxidative damage assay

Homogenisation of larvae

Larvae of A. aegypti subjected to the larvicide test at lethal 
doses of 50% and 90% were cold-macerated in a pestle and mortar 
with 10 mL of phosphate buffer (pH 7.3, 75 mM for each 1 g of 
larvae). The homogenate was centrifuged at 15,000 rpm for 30 min 
at 4 °C. The supernatant was used to quantify oxidative damage 
to proteins and lipids30. 

Lipid oxidative damage

Lipid oxidative damage was measured using malondialdehyde 
(MDA), in accordance with the technique described by Ohkawa 
and et al.31.  The total MDA level in the samples was calculated 
as the ratio of sample absorbance to that of a standard MDA 
solution (1,1,3,3-tetrahydroxypropane) multiplied by the standard 
solution concentration (concentration curve). Larval homogenate 
and phosphate buffer (75 mM) were used as negative controls. 
The results are expressed in μmol/L. The data were subjected to 
statistical analysis by two-way ANOVA with Dunnett’s test (p ≤ 0.05) 
for the control using GraphPad Prism (version 6.0). All experiments 
were performed in triplicate.

Oxidative damage to proteins 

The protein oxidative damage test was performed according 
to an adaptation of the methodology initially described by Levine 
et al. (1990)32 and Lowry (1951)33, in which oxidative damage to 
proteins was measured by quantifying carbonyl groups based 
on reaction with 2,4-dinitrophenyl hydrazine (DNPH) prepared 
in HCl 2.5 M32. Protein content was determined using the Lowry 
method with BSA as a standard33. Larval homogenate and HCl 
2.5 M were used as negative controls. All experiments were 
performed in triplicates. Statistical tests were performed using the 
two-way ANOVA test with Dunnett’s test (p ≤ 0.05) concerning the 
control using GraphPad Prisma version 6.0. All experiments were 
performed in triplicate.

RESULTS

Larvicidal test: selective and dose-reactive bioassays

According to the results of the selective bioassay, Xylaria sp. 
extract resulted in a satisfactory mortality rate of over 50% in A. 
aegypti larvae, but only concentrations between 250 and 500 ppm 

exhibited larvicidal activity. Thus, the concentrations used in the 
subsequent dose test were in the range of 250-500 ppm (400, 375, 
350, and 325 ppm) (Table 1).

The mortality rates at 24, 48, and 72 h after exposure revealed 
that the highest mortality rate occurred at 24 h after treatment of 
Xylaria sp. extract a concentration of 400 ppm, with a mortality 
rate of 91% (Table 1). This finding revealed a satisfactory larvicidal 
activity of Xylaria sp. extract against the of A. aegypti larvae, as 
according to the WHO34, an extract is considered active if the 
mortality rate is greater than 80%. 

According to the probit analysis, the LC50 value of Xylaria sp. 
extract was 264.456 ppm, and the LC90 value was 364.307 ppm, 
with a significance level of 95% (Table 2). The parametric test (χ2) 
showed no significant difference between the two doses (LC50 and 
LC90), as both concentrations caused mortality in the larvae. Thus, 
the concentrations corresponding to the LC50 and LC90 are expected 
to cause 50% and 90% mortality of the larvae, respectively.

In vitro test in cells: cytotoxicity and ROS production

The Xylaria sp. extract was cytotoxic at a concentration of 
less than 50 µg.mL-1 (Figure 1), capable of inhibiting the growth 
of more than 50% of cells, compared with the standard drug 
doxorubicin at a concentration of 20 µg.mL-1. Considering the mass 
death of MRC-5 cells, ROS level was also evaluated in these cells 
to verify whether the death of these cells was due to increased 
ROS production.

Cytotoxicity assay was conducted using different concentrations 
(50, 25, 12.5, 6.25, 3.12, and 1.56 µg.mL-1) of Xylaria sp. extract 
(Figure 1), and the results showed that the higher the dose, the 
higher the cytotoxicity of this extract. Using the concentration 
curve, the IC50 of the extract was calculated to be 6.835, 5.940, 
and 11.38 µg.mL-1 after 24, 48, and 72 h of exposure, respectively.

ROS assay was also performed using different concentrations 
(50, 25, 12.5, 6.25, 3.12, and 1.56 µg.mL-1) of Xylaria sp. extract 
(Figure 2). The results revealed that Xylaria sp. extract at all 
tested concentrations induced ROS production compared to the 
negative control. However, the highest ROS level was observed 
in cells treated with Xylaria sp. extract at 50 and 25 µg.mL-1; 
moreover, ROS production decreased as the extract concentration 
decreased.
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FIGURE 1: Cell viability of MRC-5 fibroblasts treated with Xylaria sp. extract 
at different concentrations for 24, 48, and 72 h. Data are expressed as mean 
± SEM (n = 3). P<0.05 is significant compared to the negative control  
(Ctl(-)), according to two-way ANOVA with Dunnett’s test.
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FIGURE 2: ROS concentration curve in MRC-5 human lung fibroblasts 
treated with Xylaria sp. extract. Data are expressed as mean ± SEM  
(n = 3). P<0.0001 is significant compared to the negative control (Ctl (-)), 
according to two-way ANOVA with Dunnett’s test. The standard used was 
3 µm paclitaxel (256 µg.mL-1).

Evaluation of oxidative damage in A. aegypti larvae 

Statistical analysis revealed damage to the lipids of the larvae 
treated with Xylaria sp. extract, as the MDA levels were significantly  
(p <0.0001) different between the larvae treated with Xylaria sp. at the 
LC90 and the control (macerated larvae not exposed to the extract), 
with MDA levels almost twice as high (24.7 µmol/L) as that in the 
negative control (12.5 µmol/L). Larvae subjected to Xylaria sp. extract 
at the LC50 showed no significant difference from the control, with a 
confidence limit of 95% (Figure 3A). These results were corroborated 
by the results obtained in the ROS production test of the in vitro 
extract, which showed an increase in total ROS (Figure 2).

Protein oxidative damage was also examined in A. aegypti 
larvae, and the results were also subjected to statistical analysis. 
Carbonyl levels were significantly (p <0.0001) different between 
the larvae exposed to the extract at LC90 (14.6278 ×10-3 nmol 
carbonyl/mg protein) and the control (2.4491 ×10-3 nmol carbonyl/mg 
protein). Carbonyl levels were also significantly (p <0.0018) 
different between the larvae treated with the extract at the 
LC50 (4.2893 ×10-3 nmol carbonyl/ mg protein) and the control.  
These values had a confidence limit of 95%, as shown in  
Figure 3B. Thus, these findings corroborate the protein oxidative 
damage assay results.

TABLE 2: LC50 and LC90 values of Xylaria sp. extract against A. aegypti larvae after 72 h of treatment. No mortality was observed in the negative control (DMSO) group.

Extracts Concentration (ppm)a Mortality (%) ± SDb LC50 (ppm) (LCL-UCL)c LC90 (ppm) (LCL-UCL)d Regression equation χ2 e

Xylaria sp.

400 96.7 ± 0.0

264.456 (245.835-277.284) 364.307 (350.9-384.617) y = -17,315+9,212x 3.263 ns f

375 93.3 ± 1.7

350 82.2 ± 2.3

325 77.8 ± 2.3

300 76.7 ± 2.6

275 53.3 ± 4.6

0 0.0 ± 0.0

aConcentration in ppm; bSD: Standard deviation; cLC50: Lethal concentration that kills 50% of the larvae; dLC90: Lethal concentration that kills 90% of the larvae; 
 eχ2: Chi-square; fn. s: Not significant (α = 0.05) (means that the data were fitted to the software without the need for adjustments.

DISCUSSION

According to previous studies, endophytic fungi are considered 
potential producers of bioactive chemicals35, especially those of 
the genus Xylaria, which includes several species of fungi found in 
plants. Moreover, they produce a wide variety of metabolites with 
different chemical structures, such as cytochalasins, terpenoids, 
alkaloids, coumarins, and benzoquinones, with a range of 
biological activities, such as phytotoxic, antifungal, antimalarial, 
and antibacterial activities36. 

The results of the present study support that Xylaria sp. 
extract can be an alternative source of larvicide for A. aegypti 
control, showing comparable efficacy to other extracts previously 
reported37 (6.6% mortality at a concentration of 250 µg.mL-1). 

Costa MBS et al. | Oxidative stress in larvae of Aedes aegypti
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FIGURE 3 - A) Bar graph illustrating lipid peroxidation in A. aegypti 
larvae treated with Xylaria sp. extract at the lethal dose 50 (LD50), Xylaria 
sp. extract at the lethal dose 90 (LD90), and 1% DMSO (control). Data 
are expressed as MDA levels in mmol/L in the samples. B) Bar graph 
illustrating  protein oxidation in A. aegypti larvae treated with Xylaria sp. 
extract at the LD50, Xylaria sp. extract at the LD90, and 1% DMSO (control). 
Data are expressed in nM carbonyl/mg protein.

Moreover, as a product derived from a biological source, Xylaria sp. 
extract is more beneficial than the synthetic larvicide temephos in 
terms of sustainability, action mechanism, and toxicity.

The results of lipid peroxidation analyses (Figure 3A) could be 
related to ROS, which might have caused  membrane damage in the 
larvae38. In addition, as shown in Figure 3A, the control larvae also 
showed oxidative damage, as indicated by the MDA levels, possibly 
because the larvae were macerated alive and underwent stress until 
death, and any death process can lead to oxidative damage.

Lipid peroxidation is a chain reaction of polyunsaturated fatty 
acids in cell membranes that generates free radicals, which can 
alter membrane permeability, fluidity, and integrity. Although the 
generation of free radicals is a continuous physiological process, 
excessive production can lead to oxidative lesions39.

Regarding protein oxidation, the method used to quantify 
carbonyl groups in A. aegypti larvae indicates a direct reaction 

of the proteins with ROS40; when the proteins go through the 
oxidative process, derivatives or fragments of peptides containing 
carbonyl groups are formed40. Thus, the presence of these peptides 
indicates cellular damage41. 

These results are consistent with those reported by Ahmed18 
and Zhang et al.42. Ahmed focused on lipid peroxidation and 
protein oxidation as important biomarkers of cell collapse after 
infection by microorganisms in larvae and adult mosquitoes of A. 
caspius (Culicidae) and found that oxidative stress and cytotoxicity 
led to lipid membrane damage, mitochondrial dysfunction, and 
cell death18. Zhang et al., however, found that α-terthienyl showed 
larvicidal activity at a concentration of 0.27 mg.L-1 and increased 
mitochondrial ROS levels in A. aegypti larvae. This increase in ROS 
levels led to mitochondrial dysfunction, organelle damage, and 
accelerated cell death in larvae treated with α-terthienyl.

Taken together, the results of the present and previous studies 
suggest that the death of larvae treated with Xylaria sp. extract is 
related to increased oxidative stress, as evidenced by the production 
of peroxides, MDA, and carbonylated proteins. It is noteworthy 
that oxidative damage caused by endophytic fungi in A. aegypti 
larvae has not been reported, as previous reports only contain 
data on plants, algae, and bacteria. However, further studies on the  
death mechanisms of larvae/insects exposed to fungal  
extracts may provide valuable insights into the safe control of these 
vectors.
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