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Background: Helminth parasites cause morbidity and mortality in both humans and ani-

mals. Most anthelmintic drugs used in the treatment of parasitic nematode infections act on 

target proteins or regulate the electrical activity of neurons and muscles. In this way, it can 

lead to paralysis, starvation, immune attack, and expulsion of the worm. However, current 

anthelmintics have some limitations that include a limited spectrum of activity across spe-

cies and the threat of drug resistance, which highlights the need for new drugs for human 

and veterinary medicine. 

Purpose: Present study has been conducted to determine the anthelmintic activity of silver 

nanoparticles (AgNPs) synthesized from the extract of nematophagous fungus, Duddingtonia 

flagrans, on the infecting larvae of Ancylostoma caninum (L
3
). 

Methods: The nanoparticles were characterized by visual, ultraviolet, Fourier-transform infrared 

spectroscopy, transmission electron microscopy (TEM) analysis, and X-ray diffraction. The 

in vitro study was based on experiments to inhibit the motility of infective larvae (L
3
), and the 

ultrastructural analysis of the nematode was performed by images obtained by TEM. 

Results: The XRD studies revealed the crystalline nature of the nanoparticles, and FTIR results 

implied that AgNPs were successfully synthesized and capped with compounds present in the 

extract. The results showed that the green synthesis of AgNPs exhibited nematicidal activity, 

being the only ones capable of penetrating the cuticle of the larvae, causing changes in the 

tegmentum, and consequently, the death of the nematode. 

Conclusion: The extract of the fungus D. flagrans is able to synthesize AgNP and these have 

a nematicidal action.

Keywords: nanotechnology, biomedicine, nanoparticles, helminths, biological control

Introduction
More than a quarter of the world’s population is susceptible to infection caused by 

geohelminths through contact with contaminated soil.1 Geohelmintosis is caused by the 

agents like Ascaris lumbricoides, Trichuris trichiura, Strongyloides stercoralis, and 

ancylostomides. Ancylostomiasis is a much neglected tropical disease that is caused 

by nematodes of the genus Ancylostoma, which are pathogenic to dogs and generate 

a burden of four million US dollars in treatment costs. In humans, Ancylostoma spp. 

is responsible for skin inflammation or Larva Migrans Cutaneous (LMC), an infection 

that is seen mainly in “travelers” who return to beaches in tropical areas and who are 

contaminated by the larvae of this nematode.2

While it is observed that helminth parasites cause morbidity and mortality in both 

humans and animals, we are also seeing advances in technologies for the treatment 

and prevention of these agents, particularly nanotechnology. Nanotechnology is a field 
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of science that is constantly developing, as its applications 

both in medical sciences and biological sciences are broad: 

medical diagnosis, biosensors, health care, drug delivery, 

and water purification.3 Within the field of nanotechnology, 

silver nanoparticles (AgNPs) have been widely studied due 

to their exclusive physical, chemical, and optical properties.4

Several studies have investigated a wide variety of 

chemical, physical, and biological synthesis methods with 

the objective of establishing a technique that makes mor-

phological regulation of the AgNPs possible. Physical and 

chemical methods are the most used for the synthesis of 

the NPs; however, these methods require the use of toxic 

compounds, minimizing their applications.5 In contrast, 

the biological method for the synthesis of AgNPs, called 

“green synthesis”, is the most advantageous given that 

it is cost effective, ecologically correct, reproducible, 

and energy efficient.6

In this context, the use of fungi in the green synthesis of 

NPs has been highlighted, as the process to synthesize and 

culture them is easier, and large scale synthesis is possible 

using a small quantity of biomass, making it economically 

feasible.7,8 Additionally, filamentous fungi produce a large 

quantity of extracellular enzymes and organic compounds 

needed for NP green synthesis.9,10

Recently, Costa Silva et al11 published a new approach 

to the biological synthesis of AgNPs in which the NP in 

question was synthesized from the fungus Duddingtonia 

flagrans (AC001). D. flagrans is a filamentous nematopha-

gous fungus that has excellent predatory capacity, and is 

considered the most promising species for the biological 

control of gastrointestinal parasites.12–14 It produces conidia 

and chlamydospores that ensure the propagation and 

survival of the organism under environmental and labora-

tory conditions.14 In addition, it is possible to observe the 

production of extracellular enzymes, such as proteases and 

chitinases, in the crude extract of D. flagrans, which besides 

being necessary for NP production, as mentioned earlier, are 

able to hydrolyze the cuticle of the nematode, resulting in 

the death of the parasite.12,15 Also, these authors suggest that 

in the future this fungal NP could be used in the control of 

infective helminth larvae.

Thus, in this work, we investigated the nematicidal action 

of silver particles synthesized from the fungus D. flagrans on 

the L
3
 stage of Ancylostoma spp. It is also worth mentioning 

that this study will open a new door based on pharmacology 

for the treatment of geohelmintosis.

It should also be emphasized that this is the first report 

that proves the antihelmintic action of AgNPs synthesized 

from the extract of the nematophagous fungus D. flagrans.

Methods
The green synthesis of agNPs
Obtaining conidia and chlamydospores
An isolate of the nematophagous fungus D. flagrans (AC001) 

was used to produce a solution containing the fungal 

structures. This isolate comes from Brazilian soil in the 

locality of Viçosa, Minas Gerais. The fungus was maintained 

in 9 cm Petri dishes containing culture medium based on 

2% water agar (2% WA) at 4°C and in the dark.

Obtaining the fungal filtrate
To prepare the biomass for the biosynthesis studies, fungal 

mycelia were obtained by transferring disks (~5 mm in  

diameter) of the fungal isolate cultures maintained in 2% WA 

to Erlenmeyer flasks (250 mL) containing 200 mL of nutrient-

poor liquid medium (low nutrient medium), composed of 

bacteriological peptone 2 g/L, yeast extract 3 g/L, potassium 

phosphate dibasic 0.1 g/L, magnesium sulfate hexahydrate 

0.05 g/L, and lactic acid 100 µL, pH=9. The flasks were then 

incubated in an orbital agitator (120 rpm) at 25°C for 10 days.

The biomass formed was removed after 10 days of growth 

using a previously autoclaved stainless steel strainer and 

then rinsed extensively with ultrapure water to remove any 

component of the medium from the biomass. Then 100 mL 

of ultrapure water, 10 g (wet weight) of the biomass, and 

0.1 g of tick shells, a natural source of chitin, were added 

to each flask.

The flasks were incubated again in an orbital agitator 

under the same previously mentioned conditions for 15 days. 

After incubation, the cellular filtrate was obtained using 

0.22 µm membrane filters.

Analysis of the fungal filtrate for protein content
The fungal filtrate was analyzed for total protein content 

using the Bradford method. Bovine serum albumin (BSA 

[98%]; Sigma-Aldrich Co.) was used for the standard curve 

and the readings were taken in an ultraviolet-visual (UV-vis) 

absorption spectrophotometer (Spectramax 190 Spectropho-

tometer) at 595 nm.

The green synthesis of the agNPs from the 
fungal filtrate
One hundred milliliters of 1 mM AgNO

3
 solution was added 

to the fungal filtrate in a concentration of 1:50, and the new 

solution was kept in an agitator at 120 rpm, 60°C, in the 

dark. The formation of AgNPs was first seen primarily by 

the change in the color of the solution and was confirmed by 

optical absorption (UV-vis).
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characterization of the agNPs
Ultraviolet-visual absorption spectography 
Confirmation of the formation of the AgNPs after the change 

in the color of the solution and determination of the localized 

surface plasmon resonance (LSPR) of the AgNPs were 

accomplished using a UV-vis spectrophotometer (Spectramax 

190 Spectrophotometer) at a resolution of 1 nm and sweep 

of 200–600 nm.

Transmission electron microscopy (TeM)
The morphology of the NPs was confirmed by TEM. The 

AgNPs were placed on a copper grid coated with Formvar 

(Ted Pella Inc., Tustin, CA, USA) and examined by TEM 

using a JOEL microscope (JEOL, Inc., Peabody, MA, USA), 

model JEM1400 operating at 120 kV with a lanthanum 

hexaboride (LAB6) filament.

Fourier-transform infrared (FTIr) spectroscopy
After the green synthesis of the AgNPs, the samples were 

centrifuged at 15,000 rpm for 30 minutes and the pellets 

formed were used for FTIR analysis. The FTIR was con-

ducted in the ATR mode (FT-MIR FTLA 2000 Bomem) to 

investigate which organic components could be associated 

with the AgNPs.

X-ray diffraction (XrD)
The crystalline structures of the synthesized AgNPs were 

determined by XRD studies. The AgNP samples were pre-

pared by reverse coating the pelletized AgNPs on a glass slide 

and sweeping in region 2θ of 30°–80° at 0.01° per minute with 

a time constant of 2 seconds, using a DB Advance (CuKα) 

(Bruker-AXS, Billerica, MA, USA) X-ray diffractometer.

experimental assay
cytotoxicity assay
An analysis was performed of the cytotoxic action of the 

AgNPs synthesized from the fungus D. flagrans, of the 

AgNPs chemically synthesized from reduction by sodium 

borohydride, of the fungal filtrate, and of the chemothera-

peutic agent doxorubicin, and the chemotherapeutic agent 

doxorubicin on a line of non-cancerous L929 fibroblast cells 

(L929 cell line, ATCC®-CCL1™; Cell Line Service, Rio de 

Janeiro, Brazil) was analyzed by the MTT colorimetric assay 

according to Mosmann.16

A suspension of 7 × 104 cells/mL was used for the MTT 

experiments. The cells were cultured in 96-well plates, and 

after 24 hours were exposed to different concentrations of the 

samples diluted in the culture medium itself. Then the plates 

were incubated for exactly 24 hours at 37°C in an atmosphere 

of 5% CO
2
. Doxorubicin was used as positive control. After 

incubation, the content of each well was removed and 100 µL 

of MTT (5 mg/mL) reagent was added, followed by incuba-

tion for 2 hours for mitochondrial metabolism of the MTT by 

the live cells. Subsequently, the excess MTT was removed 

and the formazan crystals were dissolved with 100 µL of 

dimethyl sulfoxide. The absorbance (595 nm) of the plates 

was read by a microplate reader (SpectraMax 190 Microplate 

Reader; Molecular Devices, Palo Alto, CA, USA).

Cellular viability was determined by comparing the absor-

bance values obtained for the treated cells with those obtained 

for the non-treated cells, and the result was expressed as 

IC50 in µg/mL (concentration necessary to cause the death 

of 50% of the cells) with the aid of linear regression.

Obtaining the l3 of Ancylostoma caninum
Infective larvae (L

3
) of A. caninum were obtained from the 

fresh feces of naturally infected dogs. For the processing of 

the feces, the Willis test was performed to find positive sam-

ples. Subsequently, coprocultures were prepared with ~20 g 

of feces and kept in an incubation chamber for 10 days at 

26°C. After this period, the larvae were extracted using the 

Baermann technique17 and identified as A. caninum, accord-

ing to the criteria described by Bevilaqua et al.18

Preparation of the solution of D. flagrans conidia and 
chlamydospores
The 9 cm Petri dishes containing 2% WA medium in which 

the fungus was grown for over 10 days were bathed with 

10 mL of distilled water. Using a glass slide, the surface of 

the agar was scraped to remove the fungal structures (conidia 

and chlamydospores) without removing the culture medium 

from the dish. Then, the solutions were poured into a sterile 

beaker and homogenized. Finally, aliquots of 10 µL of the 

solutions were made for the counting of conidia and chla-

mydospores, in a Neubauer chamber.

analysis of the nematicidal action of the 
biosynthesized agNPs on l3 of A. caninum
Initially, 50 µL of the solution of L

3
s of A. caninum (13 L

3
/µL) 

was added to each of the 27 microtubes. Then these micro-

tubes were divided into nine groups:

 Group I (negative control): solution of L
3
 larvae +1 mL 

of ultrapure water;

 Group II (positive control): solution of L
3
 larvae +1 mL 

of levamisole 22.3%;

 Group III (positive control): solution of L
3
 larvae +1 mL 

of ivermectin 1%;
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 Group IV: solution of L
3
 larvae +1 mL of AgNO

3
 solution 

(1 mM);

 Group V: solution of L
3
 larvae +1 mL of D. flagrans 

conidia and chlamydospores solution at a concentration 

of 126 conidia/10 µL;

 Group VI: solution of L
3
 larvae +1 mL of AgNPs chemi-

cally synthesized from reduction by sodium borohydride;

 Group VII: solution of L
3
 larvae +1 mL of biosynthesized 

AgNP solution at a concentration of 43.40 µg/mL;

 Group VIII: solution of L
3
 larvae +1 mL of biosynthesized 

AgNP solution at a concentration of 21.70 µg/mL;

 Group IX: solution of L
3
 larvae +1 mL of biosynthesized 

AgNP solution at a concentration of 10.85 µg/mL.

The microtubes were placed in a benchtop agitator, where 

they remained in the dark for 24 hours at 28°C. After this 

period, the samples were placed in 12-well microplates, under 

a heating plate at 37°C for 2 minutes. One aliquot of 280 µL 

was removed from each group for counting of the live larvae 

using an optical microscope (10× objective). The tests were 

performed in triplicate.

Ultrastructural analysis of the A. caninum larvae
The ultrastructural analysis of the L

3
s of A. caninum was per-

formed by TEM. The treated larvae and controls were washed 

in PBS and fixed in 0.1 M of cacodylate buffer for 24 hours. 

Then, they were washed again in PBS and post-fixed with a 

solution of 1% osmium tetroxide, OsO4, in 0.1 M cacodylate 

buffer with the addition of potassium ferrocyanide 1.25%. The 

specimens were then washed with 0.1 mol/L of cacodylate buf-

fer and ultrapure water. The samples were then dehydrated with 

increasing degrees of ethanol concentration (30%, 50%, 70%, 

90%, and 100%) and dried by critical point method using liquid 

CO
2
 as the transitional fluid and air dried at 25°C for 15 minutes. 

The dry material was placed on a metal point according to the 

required orientation, and sprayed with gold in a fine coat ion 

sputter (JFC-1100; JEOL). The gold-coated specimens were 

observed using a Philips SEM (model no LEO 435 VP 501B) 

with electron acceleration varying between 10 and 20 kV.

Results and discussion
Based on the results obtained using the Bradford method, the 

concentration of total proteins present in the fungal filtrate was 

0.80 mg/mL. In order to increase the protein concentration of 

the filtrate, the medium was enriched with tick shells, a natural 

source of chitin, which stimulates the production of chitinase 

by the fungus, following the method used by Costa Silva et al.11

The formation of NPs could initially be observed by the 

change in color of the fungal filtrate solution, from yellow 

to yellowish brown 24 hours after the addition of the AgNO
3
 

solution. Basavaraja et al10 stated that AgNPs have strong 

absorption of visible electromagnetic waves due to LSPR. 

This phenomenon is due to the collective oscillations of the 

NP conductor electrons on irradiation by visible light. There-

fore, the formation of NPs was established by the UV-vis 

spectroscope. The AgNPs have a characteristic peak between 

380 and 450 nm. In Figure 1, the peak of the sample can be 

observed at 408 nm.

It was possible to observe the monodispersion of the 

AgNPs in the images obtained by the TEM (Figure 2A–C). 

With the assistance of the ImageJ 1.51i program, these 

images were also analyzed to determine the size and spherical 

form of the AgNPs by calculating the average diameter 

and the aspect ratio of the AgNPs (n=500), which were 

14.51±3.25 nm and 1.18±0.20, respectively.

To characterize the molecules that can be absorbed on the 

surface of the biosynthesized NPs, the FTIR spectroscopy was 

used.19 When Costa Silva et al11 analyzed the samples of the 

synthesized AgNPs from the fungus D. flagrans in the FTIR, 

they reported two specific bands of proteins at 1,640 and 

1,540 cm−1 identified as amide I and amide II, respectively, in 

addition to the band at 2,665 cm−1, which is characteristic of the 

axial O−H deformation of carboxylic acid, and stretch bands 

at 730 cm−1 (CH
2
−S−S, possibly related to the cross-linking of 

disulfide between the amino acid cysteine), 1,000 cm−1 (C−O), 

1,811 cm−1 (anhydrous C=O), 2,100 cm−1 (C≡O), 2,326 cm−1, 

and at 2,665, 3,600, and 3,751 cm−1 (O−H).

The bands identified as amide I and amide II occur 

because of the vibrations of axial C=O deformation and angu-

lar N−H deformation in the amide links of the proteins.20,21

The FTIR spectroscopy of the AgNPs synthesized by 

green synthesis in this study (Figure 3) and the filtrate used 

Figure 1 UV-vis spectrum of the biosynthesized agNPs using the free extract of 
cells of the fungus Duddingtonia flagrans.
Abbreviations: agNPs, silver nanoparticles; UV-vis, ultraviolet-visual.
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for the synthesis, similarly to the study by Costa Silva et al,11 

showed bands at 1,640 and 1,540 cm−1 related to amide I 

and amide II groups, respectively; band at 996 cm−1 for the 

stretching of typical C−O−C bonds of acyclic saturated 

aliphatic anhydrides;22 band at 1,344 cm−1 related to asym-

metric axial deformations of the group SO
2
;23 and weak band 

at 1,998 cm−1 associated to the group.22

The pattern obtained from the XRD of the synthesized 

AgNPs by green synthesis showed four intense peaks in spec-

trum of 2θ from 30° to 80°. The XRD ratified the reduction 

of Ag+ (protonated silver) to Ag° (reduced silver) carried out 

by the fungal filtrate of D. flagrans.

The data obtained were then combined with the database 

of the Joint Committee on Powder Diffraction Standards 

(No 04-0783), and it was observed that the biosynthesized 

AgNPs exhibited peaks of silver at 2θ=39°, 43.45°, 64.5°, 

and 77.9°, relating to the facets (111), (200), (220), and (311) 

of the silver, respectively (Figure 4). According to Rathod 

et al,24 these values agree with the values reported for face-

center-cubic silver nanocrystals.

From the patterns of diffraction obtained by the XRD, it 

was also possible to confirm the size of the crystallites using 

the Scherrer equation,26 

 
D

k
NP
=

×
×

λ
β θcos  

where D
NP

 is the average particle size (nm), k is the shape 

factor (0.9), λ is the wavelength of the X-ray (λ=0.15418 nm 

for CuKα radiation), θ is the Bragg angle of diffraction (°), 

and β is the widening of the peak of diffraction measured at 

its maximum intensity (in radians). Thus, the average size of 

the AgNPs calculated from the XRD results was 17.33 nm. It 

should be emphasized that this value is close to that found in the 

analyses of the images obtained by the TEM (Figure 2A–C).

In the cytotoxicity assay of the AgNPs in non-

cancerous cells (L929 fibroblasts), the MTT revealed the 

following IC
50

 values (µg/mL): doxorubicin 64.2±5.2, 

fungal filtrate 444.1±12.3, AgNPs (chemical synthesis) 

228.2±6.7, and AgNPs (D. flagrans) 43.4±6.8 (Figure 5). 

Figure 2 Images obtained by TeM showing the shape and size of the agNPs biosynthesized from the free extract of cells of the fungus Duddingtonia flagrans. Amplification: 
(A) 1,00,000×, (B) 2,00,000×, and (C) 3,00,000×.
Abbreviations: agNPs, silver nanoparticles; TeM, transmission electron microscopy.

Figure 3 FTIr spectrum of the free extract of cells of the fungus Duddingtonia 
flagrans (black) and of the agNP (D. flagrans) (red).
Abbreviations: agNPs, silver nanoparticles; FTIr, Fourier-transform infrared.

θ
Figure 4 crystalline structure analysis by XrD of the agNPs (Duddingtonia flagrans).
Abbreviations: agNPs, silver nanoparticles; XrD, X-ray diffraction.
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Figure 5 cell survival was evaluated by the MTT assay. The results represent the 
averages of at least three independent experiments. cellular viability was observed 
after treatment with MTT in the L929 fibroblast cell line.
Abbreviations: agNPs, silver nanoparticles; D. Flagrans, Duddingtonia flagrans. 

This result indicated the toxic dose for L929 fibroblasts.25 

From the MTT results, we determine the maximum concen-

tration of AgNPs (D. flagrans) to be used in the tests.

The tests to determine the nematicidal action of the 

biosynthesized AgNPs in A. caninum larvae revealed that 

the AgNPs, at all concentrations tested (10.85 µg/mL, 

21.70 µg/mL, and 43.4 µg/mL), demonstrated nematicidal 

effect (P,0.01) compared to levamisole and the conidia and 

chlamydospore solution, but with no difference (P.0.01) in 

relation to ivermectin.

Based on the data obtained, we observed that the AgNPs 

(chemical synthesis) did not cause the death of 100% of the 

larvae as observed for the AgNP (D. flagrans). Therefore, 

the cause of larval death was not due to the reduced silver 

alone, since both NP solutions contained silver. The efficacy 

of the AgNP (D. flagrans) was probably due to the absorp-

tion of D. flagrans proteins on the surface of the AgNPs, 

facilitating the penetration of the NP into the nematode.11 

Costa Silva et al11 suggest that the protein present on the 

surface of the AgNP synthesized from the fungal filtrate of 

D. flagrans is chitinase.

Analyses of the effects of AgNPs on the nematode 

cuticle were conducted using the images obtained by the 

TEM. In Figure 6A–F, we can observe that when the larvae 

are exposed to the antihelmintics ivermectin and levami-

sole, there are no visual changes in the cuticle, since these 

Figure 6 (Continued)
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medications act on the GABAergic receptors and cause 

spastic paralysis of the nematodes. Therefore, neither of the 

drugs acts on the cuticle of the parasite.27,28

Analyzing the larvae treated with the AgNO
3
 solution 

and AgNP (chemical synthesis) (Figure 6G–L), no morpho-

logical changes were observed in the cuticle of the nema-

todes. However, the larvae treated with AgNP (D. flagrans) 

presented extensive morphological changes in the cuticle 

(Figure 6M–R). These results corroborate the hypothesis of 

the efficiency of the AgNP (D. flagrans) solution due to the 

presence of chitinases produced by D. flagrans absorbed on 

their surface, which facilitates the penetration of the NP into 

the nematode, leading to the death of the parasite. Surface 

differences of the larvae in response to the different treat-

ments tested can be seen in Figure 6.

The AgNPs (D. flagrans) were highly effective in their 

nematicidal action, producing more satisfactory results 

than the chemical synthesis, the D. flagrans solution, and 

levamisole, besides being the only substances to trigger 

integumentary changes in the A. caninum larvae. Because 

of their effectiveness, and because they are new substances, 

we can say that they have a promising future in the antihel-

mintic treatment of animals and humans.

Conclusion
To the best of our knowledge, this is the first report of 

myconanotechnology originating from the fungus D. flagrans 

(AC001) as a nematicidal “tool”. It should be emphasized 

that the resistance of A. caninum to conventional drugs is 

already well known,29 and results like those presented in this 

study may help make control more effective.

Finally, the authors of this paper report that AgNP 

(D. flagrans) showed nematicidal effectiveness, being the only 

treatment capable of penetrating the cuticles of the larvae and 

causing their subsequent death. New experimental designs are 

already being constructed that will enable a better understanding 

of the nematicidal myconanoactivity of the fungus D. flagrans and 

a better focus on control of infective larvae of the potentially zoo-

notic nematodes that are ravaging the poorest parts of the world.
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