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Background: Chagas disease, also known as American Trypanosomiasis, is caused by the

protozoan Trypanosoma cruzi. It is occurring in Americas, including USA and Canada, and

Europe and its current treatment involves the use of two drugs as follows: benznidazole

(BNZ) and nifurtimox, which present high toxicity and low efficacy during the chronic phase

of the disease, thus promoting the search for more effective therapeutic alternatives.

Amongst them xylan, a bioactive polysaccharide, extracted from corn cob.

Methods: Ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy (FITR),

Raman spectroscopy, energy-dispersive X-ray spectroscopy (EDS), scanning electron micro-

scopy, atomic force microscopy, plasma optical emission spectroscopy (ICP-OES), dynamic

light scattering (DLS) have been used to characterize the silver-xylan nanoparticles (NX).

Their cytotoxicity was evaluated with 3-bromo(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium (MTT) test. MTT and flow cytometry were used to ascertain the anti-Trypanosoma

cruzi activity.

Results: UV-Vis spectroscopy gave plasmon resonance ranging between 400 and 450 nmwhile

FITC and Raman spectroscopy proved nano interface functionalized with xylan. ICP-OES data

showed NX with xylan (81%) and silver (19%). EDS showed NX consisting of carbon (59.4%),

oxygen (26.2%) and silver (4.8%) main elements. Spherical NX of 55 nm average size has been

depicted with SEM and AFM, while DLS showed 102 ± 1.7 nm NX. The NX displayed

negligible cytotoxicity (2000 µg/mL). NX (100 µg/mL) was more effective, regardless of

experiment time, in affecting the ability of parasites to reduce MTT than BZN (100 µg/mL).

In addition, NX (100 µg/mL) induced death of 95% of parasites by necrosis.

Conclusion: This is the first time silver nanoparticles are presented as an anti-Trypanosoma

cruzi agent and the data point to the potential application of NX to new preclinical studies in

vitro and in vivo.
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Introduction
For several years, Chagas disease had assumed a predominantly rural profile, but

has now become part of the urban zone due to movement of the population from

country sides to cities, due to increased deforestation and socioeconomic changes.

This migration has also affected non-endemic areas such as Europe, the USA and

Canada.1–3 Also known as American Trypanosomiasis, it is caused by the proto-

zoan Trypanosoma cruzi and is transmitted among other forms by insects of the

Triatominae subfamilies.4 It is estimated that around 8 million people worldwide,

particularly those residing in Latin America, are infected with T. cruzi. More than
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10 thousand people die of the disease every year and more

than 25 million are at a risk of acquiring it.5

Chagas disease has two successive phases, acute and

chronic.2 There are no vaccines to treat the patients

affected by the disease and their treatment is pharmacolo-

gical. On the other hand, these drugs are used to treat the

disease mainly in its acute phase, reducing symptoms and

parasitemia. The current treatment involves the use of two

drugs: benznidazole (BNZ) and nifurtimox. Both are far

from ideal due to their side effects, limited efficacy and

little is known about their activity in the chronic phase.

These disadvantages justify the urgent need to identify

better drugs for the treatment of chagasic patients.6,7

Considering this scenario, researches aimed at prospecting

bioactive molecules from natural sources have increased

significantly over the years.8–11

In the secondary cell walls of Gramineae and dicotyle-

dons, for example, the main hemicellulose is a polymer

composed of D-xylose units linked by β glycosidic (1 → 4)

bonds called xylans.12 Xylans from different sources have

been used in the biosynthesis of grafts, bandages and sutures,

synthesis of micro and nanoparticles13,14 as well as for the

controlled release of drugs.15–17 It has been reported in the

literature that corn cobs (Gramineae), underutilized in indus-

try and often discarded, are the most promising material for

the extraction of these biopolymers.18

It has been documented that xylans obtained from corn

cobs had a chemical composition consisting of 4-O-

methyl-D-glucuronic acid, L-arabinose and D-xylose in a

ratio of 2:7:19.19,20 It has been also reported that the

xylans from corn cobs demonstrate immunomodulatory,21

antioxidant, anticoagulant and antibacterial properties as

well as cytotoxicity to tumor cells.22

Several papers have demonstrated nanomaterials acting

as toxic agents against various types of parasites. However,

there are few studies regarding T. cruzi. The antichagasic

activity of sesquiterpene lychnopholide (LYC) loaded into

polymeric nanocapsules (NCs), thiol capped quantum dots,

and a nanoparticle (~37 nm) containing actinomycin D

and a cholesterol-vinyl sulfone compound bound to

Staphylococcal protein A covalently and coated with anti-

Trypanosoma cruzi IgG were tested.23 Regarding metal

containing nanoparticles, studies were performed with silver

and gold nanoparticles. However, they had been performed

with Trypanosoma brucei.24,25 On the other hand, there are

no papers that have evaluated the action of these nanopar-

ticles against T. cruzi.

Several methods of nanoparticle synthesis, including

silver nanoparticles, often lead to the production of several

undesirable wastes which are harmful to the environment.

Therefore, the search for more effective and environmen-

tally friendly methods is ongoing. These methods are

known as green synthetic methods and are considered

efficient since they do not use toxic reagents, such as

water, for the environment.26

Studies from our research group have shown that the

green synthesis of silver nanoparticles with polysacchar-

ides has potentiated the biological activity of both poly-

saccharides and silver. According to Amorim et al,27 the

cytotoxic activity of sulfated polysaccharides (sPS) of the

seaweed Spatoglossum schröederi was potentiated against

renal adenocarcinoma cells 786–0. Also, the antitumor,

immunomodulatory and antibacterial activities of the sPS

of the seaweed Dictyota mertensii had intensified.28 In

both cases, they composed the structure of silver

nanoparticles.

It has been previously demonstrated by our research

group that xylan from corn cobs exhibits several biological

activities, particularly, antiproliferative activity against

uterine adenocarcinoma cells29 and antioxidant activity.22

However, the activities of this molecule were not evalu-

ated when they are part of the silver nanoparticle structure

regarding its antiparasitic activity against T. cruzi.

Therefore, in this present study, biosynthesized silver

nanoparticles from corn cobs containing xylans were

tested/evaluated against T. cruzi.

Materials and Methods
Materials
MTT (3-bromo-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-

trazolium), silver nitrate (AgNO3), D-xylose, bovine serum

albumin (BSA), cell culture media – liver infusion tryptose

(LIT), dextrose, hemina, tryptose and liver infusion broth

were purchased from the Sigma Chemical Company (St.

Louis, MO, USA). NaCl, KCl and Na2HPO4 from the

INLAB (São Paulo, SP, Brazil). Sterile fetal bovine serum

was purchased from the Cultilab (Campinas, SP, Brazil).

Benznidazole (Rochagan) Hoffmann-La Roche (Basel,

Switzerland) was provided by the consortium of the

BERENICE project whose name was built from letters that

make up the name of the consortium (BEnznidazole and

Triazole REsearch group for Nanomedicine and Innovation

onChagas diseasE - Barcelona, Spain).We also procured the

Bradford reagent from the Bio-Rad Laboratories, Inc.
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(Hercules, CA, USA) and the Folin-Ciocalteau reagent and

dimethyl sulfoxide (SDS) from the Merck KGaA

(Darmstadt, Hessen, Germany). Penicillin and streptomycin

were obtained from Thermo Fisher Scientific (Waltham,

Massachusetts, USA). Sodium hydroxide, sulfuric acid and

methanol were purchased from the CRQ (Diadema, SP,

Brazil). Phenol was obtained from the Reagen Quimibrás

Indústrias Químicas S. A. (Rio de Janeiro, RJ, Brazil).

Annexin V Apoptosis Detection Kit for flow cytometry

(Annexin-FITC, Propionate Iodide – PercP) was purchased

from BD Biosciences Inc. (San Diego, CA, USA).

Extraction of Xylan from Corn Cobs
Fresh corn samples bought from a local market (Natal,

RN – Brazil) were peeled, cleaned and washed. They were then

cut into small pieces, dried in a kiln at 60°C under ventilation and

grounduntil itsflourwasobtained. 160mLofmethanolwasadded

to 10 g offlour produced from the cob and thematerialwas stirred

for 24 hrs in the dark to remove lipids and pigments. The pre-

cipitatewas collected by centrifugation (10,000 × g, 20min, 4°C),

dried and stored in hermetically sealed vials at 25°C until use. For

the extraction of the polysaccharides, 25 mL of the solution of

NaOH (1.8 mol/L) in the ratio of 1:25 (w/v) was added to 1 g of

corn cobflour. This solutionwas sonicated at an ultrasound power

of 200W for 30 mins at intervals of 5 mins and a temperature of

60°C. The solution was centrifuged to separate the extracted

material from the insoluble residue. Four volumes of chilled

methanolwere added to the supernatant under conditions of gentle

agitation and was held protected from light at 4°C for 24 hrs. The

precipitate thus formed was collected by centrifugation (10,000 ×

g, 20 min, 4°C), dried and stored in flasks at 25°C for further

analysis.

Chemical Analysis of Xylan
Folin-Ciocalteau30 and Bradford31 methods were used to

rule out the presence of phenolic compounds and proteins

in the xylan sample, respectively. Gallic acid and bovine

albumin were used as the standard, respectively, for each

method. Total sugars were analyzed by the reaction of

phenol-H2SO4 and D-xylose was used as the standard.32

Determination of the Monosaccharide Composition

of Xylan

An analysis of the monosaccharide composition was per-

formed as described by Melo-Silveira et al22 The material

after being hydrolysed was subjected to sugar composition

analysis using the LaChrom Elite® VWR-Hitachi high

performance liquid chromatography (HPLC) system with

a L-2490 refractive index detector. The column used was

LichroCART® 250–4 Lichrospher® 100 NH2 (10 μM).

The mobile phase used in the test was with acetonitrile:

water (80:20) in a flow rate of 1 mL/min, at 40°C. The

following sugars were analysed as references: arabinose,

galactose, glucose, glucuronic acid, fructose, fucose, man-

nose, N-acetyl-glucosamine, galactosamine, rhamnose and

xylose.

Synthesis of Nano Xylans Silver
The nano xylans were obtained using the process of green

synthesis as described by Dipankar and Murugan33 The

corn cob xylan was used as a bioreductor in this experi-

ment. The synthesis of NX was performed by the addition

of a solution of 1.0 mM silver nitrate to a 10 mg/mL (1:9

w/v) solution of xylan. The solution was subjected to

continuous stirring for 24 hrs and was placed in conditions

protected from the light. After this period, it was centri-

fuged at 10,000 × g for 15 mins at 25°C. The precipitate

was collected and lyophilized.

Characterization of the Nanoparticles
UV-Visible Spectroscopy

The formation of NX and reduction of silver were ana-

lysed by observing a change in the colour (from light

yellow to dark brown) of the solution. Electron spectro-

scopy in the UV-visible region with readings in the 350 to

800 nm range was performed to monitor these reactions

using the UV/Visible spectrophotometer model DR 5000

Hach Lange GmbH (Düsseldorf, Germany).

Atomic Force Microscopy (AFM), Energy Dispersive

X-Ray Spectroscopy (EDS), Dynamic Light Scattering

(DLS), and Scanning Electron microscopy (SEM)

Analysis

Atomic force microscopy (AFM) and energy-dispersive

X-ray spectroscopy (EDS) were performed by a Scanning

Probe Microscope (SPM) 9700 (Shimadzu, Kyoto, Japan)

and a Scanning Electron Microscope TM-3000 (Hitachi,

Kyoto, Japan), respectively, at the Scanning Electron

Microscopy Laboratory (LABMEV), in the Department of

Engineering Materials (DEMat), of Universidade Federal do

Rio Grande do Norte (UFRN). At least three images were

taken in different fields. All images were evaluated for the

shape of the samples.

One drop of the NX suspension (0.5 mg/mL) was dried

on a glass cover slip and submitted to AFM analysis. EDS
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analyses were made with dry NX that was dropped onto

carbon tape.

NX was also analyzed by dynamic light scattering and

SEM. The hydrodynamic diameter, polydispersity index

(PDI), and zeta potential were determined on a Zeta

Potential Analyzer (Brookhaven, New York, NY, USA).

Briefly, NX suspensions (0.5 mg/mL) were analyzed in

three independent experiments, and the reported values

correspond to mean ± SD.

NX was processed and analyzed by SEM (Shimadzu elec-

tron microscope, model SSX550; Shimadzu Corp., Kyoto,

Japan) analysis. Briefly, 20 μL of NX (0.5 mg/mL) sample

was loaded on carbon-coated copper grid without gold coating

and air-dried for 10mins under vacuum. The grid chamberwas

placed in the SEM room and incubated in the dark at 10–20°C

for 2 hrs. Finally, the grid chamber was loaded on the TEM

stage for analysis and images were captured from different

zones with different resolution. Representative image of three

independent experiments is shown.

Quantitative Determination of Silver in Nano Xylans

by Coupled Plasma Optical Emission Spectroscopy

(ICP-OES)

NX Digestion

Analytical scales were used to weigh 100 mg of sample in

Teflon cups (total 200 mg of sample; 100 mg of each cup), to

which 7 mL of 65% nitric acid purified by sub-boiling dis-

tillation (Berghof, Eningen, Germany) and 1mL of 30%

hydrogen peroxide (Merck, Darmstadt, Germany) were

added. The digestion cups were subsequently closed and

digestion was performed in a microwave digester (Start D,

Milestone, Italy) using 6 stages and a power of 1100W:(1) 5

mins at 70°C; (2) 2 mins at 70°C; (3) 3 mins at 120°C; (4) 2

mins at 120°C;(5) 10 mins at 170°C; (6) 15 mins at 170°C and

lastly 30 mins of ventilation before there modal of the rotor

from the microwave. The digested content was quantitatively

made up to 15mL using deionized water and filtered through a

0.45 µmmembrane. The analyses were conducted in duplicate

and analytical blanks were performed by conducting the pro-

cedure in the absence of sample.

Determination of Silver Content the Digested NX

Silver content of digested NX was quantified using an

inductively coupled plasma emission spectrometer (ICP-

OES 5100 VDV, Agilent Technologies, Tokyo, Japan) in

axial view, equipped with a radio frequency source (RF) of

27 MHz, using a simultaneous optical detector, a

peristaltic pump, a double pass cyclonic spray chamber, a

1.8 mm quartz torch, and a spray glass nebulizer. The gas

used in the system was plasma liquid argon with a purity

of 99.996% (White Martins, SP, Brazil). The ICP-OES

equipment operated under the following conditions:

power of the plasma, 1.5 kW; argon flow, 12.0 L/min;

auxiliary argon flow, 1.0 L/min; nebulization flow, 0.70

L/min; number of replicates, 3; stabilization and reading

time, 15 s, wavelength, 328.068 nm. The analytical curve

for silver was prepared by diluting 1000 mg/L of reference

standard solution (Merck, Darmstadt, Germany) into a

2.5–100 g/L range (r= 0.9999) in a solution of 5% (v/v)

nitric acid prepared from 65% acid distilled in a sub-

boiling system (Distillacid, Berghof, Eningen, Germany).

Serial dilutions were prepared for sample measurement: i)

0.1 mL/10 mL and ii) 0.2 mL/10 mL.

Fourier-Transform Infrared Spectroscopy (FT-IR)

The samples (10 mg) were mixed with KBr, triturated, and

pellets, made from this material were subjected to FT-IR.

Spectra of the samples were obtained using a spectrophot-

ometer (IRAAffinity-1 Shimadzu Corp., Kyoto, Japan)

equipped with the IRsolution Shimadzu Corp. software

(Kyoto, Japan) version 1.60 with scan number 32 and

4 cm−1 resolution. The frequency range for the analysis

was 4000 to 400 cm−1. The analyses were carried out at

the analytical center of UFRN’s Chemistry Institute and

the Coordination and Polymers Chemistry Laboratory

(Laboratório de Química de Coordenação e Polímeros -

LQCPol – Department of Chemistry) of the Federal

University of Rio Grande do Norte (Universidade

Federal do Rio Grande do Norte – UFRN). Three inde-

pendent analyses were performed.

Analysis Using Raman Spectroscopy

TheRaman spectrawere obtained frompre-crushed samples in

the solid state. The samples were analysed using the Raman

confocal microscope, model LabRAM HR Evolution,

HORIBA Scientific with the CCD detector. For this purpose,

the 633 nm laser with an acquisition time of 20 s and 2 s of

accumulation in the region of 30 to 4000 cm−1 was used. The

analyses were carried out at the Coordination and Polymers

Chemistry Laboratory (Laboratório de Química de

Coordenação e Polímeros – LQCPol – Department of

Chemistry) of the Federal University of Rio Grande do Norte

(Universidade Federal do Rio Grande do Norte – UFRN).
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The Cytotoxicity Activity of NX
The cytotoxicity activity of NX was evaluated in vitro

using MTT test. Murine macrophage cell line (RAW

264.7 ATCC TIB-71) and mouse fibroblast (3T3 ATCC

CCL-92) were cultivated in Dulbecco’s modified eagle

medium (DMEM) supplemented with 10% fetal bovine

serum (FBS). Briefly, 5x103 cells/well were plated in a

96-well plate. After 24 hrs incubation (95% air, 5% CO2,

37°C), the medium was replaced by a DMEM without

FBS, followed by incubation for another 24 hrs in order

to stimulate cells to enter in G0 phase. The medium was

replaced by a DMEM with 10% FBS added to NX at

concentrations 0.01, 0.025, 0.050, 0.1, 0.25, 0.5, 0.75 or

1.0 mg/mL. At the end of incubation period (24 hrs), the

medium was replaced by a new DMEM without FBS

added to 1.0 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT), followed by incuba-

tion for 4 hrs at 37°C. The medium was removed, and

formazan crystals were dissolved with 100 µL of 95%

ethanol. After 15 mins shaking in a rocking shaker, absor-

bance was read (570 nm) in a microplate spectrophot-

ometer (Biotek, Winooski, Vermont, USA). As a negative

control, cells were cultivated only with DMEM with 10%

FBS. Results were expressed in the percentage of MTT

reduction, as in Equation 1.

Percentage MTT Reduction ¼ Absorbance of sample=ð
Absorbance of controlÞ x 100 (1)

Evaluation of the Antiparasitic Activity of

Nano Xylan by the Colorimetric MTT

(3-Bromo(4,5-Dimethylthiazol-2-Yl)-2,5-

Diphenyltetrazolium) Reduction Assay
The epimastigote forms of the Y strain of T. cruzi were

maintained in LIT supplemented with 10% fetal bovine

serum (FBS) from Thermo Fisher Scientific (Waltham,

MA – USA) at 28 ± 2°C in a biochemical oxygen demand

(BOD) kiln. The strains were cultured until the exponen-

tial phase of growth (1 ×107 parasites/mL) was reached.

Samples were tested at concentrations of 2.5, 10 and 100

μg/mL. Therefore, 90 μL of the culture (1 ×107 parasites)

and 10 μL of nanoparticles suspension (10 mg/mL, 1 mg/

mL or 0.25 mg/mL) were added to a 96-well plate and

incubated at 28 ± 2°C for 24 hrs and 48 hrs. After incuba-

tion, 10 μL of MTT (5 mg) was added, and after 75 mins

of incubation in a BOD kiln, 100 μL of the solubilisation

solution (0.01N HCl and 10% SDS) was added.

Absorbance was read at 570 nm using the Epoch

Microplate Spectrophotometer obtained from BioTek

(Winooski, VT, USA). The assays were performed in

triplicate and the data obtained were processed with the

GraphPad Prism software version 5.0, 2014 (La Jolla,

California, USA).

Flow Cytometry
The mechanisms of cell death of the T. cruzi parasite through

apoptosis/necrosis were investigated by labelling with

Annexin V-FITC (fluorescein isothiocyanate)/Propidium

iodide (PI) by following the manufacturer’s instructions from

the Annexin V FITC Apoptosis Detection Kit – Invitrogen.

The epimastigote forms of the Y strain of T. cruzi (1×107 cells/

mL) were cultured in LIT supplemented with 10% FBS were

treated with NX (0.25, 1, and 100 μg/mL) for 24 hrs. After the

parasites were centrifuged at a speed of 2000 rpm at 4°C for 5

mins. The pellet, thus obtained, was washed with phosphate-

buffered saline (PBS), resuspended in the binding buffer and

the Annexin V/PI labeling was performed for 10 mins at 25°C

protected from the light. The analysis was performed on the

FACSCanto II flow cytometer (BD Biosciences, Eugene, OR,

USA) with the FACSDiva software, version 6.1.2 (Becton

Dickson, Franklin Lakes, NJ, USA). For each experimental

condition, 20,000 events were captured, and the percentage of

labeled cells was calculated in the FlowJo Software Version

vX.0.7 1997–2014 (FlowJo, Ashland, OR, USA).

Statistical Analysis
The experiments were performed at least twice and in

triplicates. Data were analysed using the ANOVA test,

followed by the Tukey’s test. Statistical analyses were

conducted using the Prism 5 software (GraphPad software,

version 5.0, 2014 La Jolla, California, USA). Values of p <

0.05 were considered statistically significant. The results

were expressed as mean ± standard deviation.

Results and Discussion
Extraction and Chemical Analysis of the

Corn Cob Xylan
Xylan was extracted as described in the Methods section,

and the content of total sugars, proteins and phenolic

compounds was determined in the extracted xylan. It can

be observed in Table 1 that the sample consists majorly of

carbohydrates (97.42%), and the obtained xylan is com-

posed mainly of xylose (50%), glucose (20%), arabinose

(15%) and galactose (10%) as well as some amounts of
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mannose (2.5%) and glucuronic acid (2.5%) residues.

Similar compositions of monosaccharides were observed

in other studies that evaluated xylans extracted from corn

cob34 although their values differed from those observed in

our work. On the other hand, in the corn cob xylan studied

by Melo-Silveira et al22,26 the composition of monosac-

charides as well as their proportions were similar to those

presented in Table 1. It is worth mentioning that these

authors used the same process described in this study.

Synthesis of Silver Nanoparticles with

Xylan (Nano Xylan)
The UV-Vis spectroscopy was used as an essential tool to

confirm the synthesis of nanoparticles containing silver30

and assist in the analysis for the formation of nanocompo-

sites with reduced silver. Therefore, an analysis was per-

formed using this technique with a scanning range of

350–800 nm for the silver nanoparticle solution. In the

region highlighted by the rectangle (between 400–450 nm)

in Figure 1, a change in the light absorption profile, evi-

denced by a small increase in the absorbance values, is

observed. From this region, a decrease in the absorbance is

observed that almost reaches zero during the sweep. When

the silver nitrate or xylan solutions were analysed sepa-

rately in the 400–450 nm range, the same light absorption

profile was not observed in this wavelength range (data not

shown). This signal is characteristic of reduced silver and

indicates the formation of silver nanoparticles.35,36 Similar

to the use of xylan employed in this work, in other studies,

the use of polysaccharides with reducing agents to synthe-

size silver nanoparticles has already been described.27,28,37

Determination of the Composition of NX
Constituents of NX were determined using an inductively

coupled plasma emission spectrometer as described in the

Methods section and were found to consist of xylan (81%)

and silver (19%). There are no reports in the literature

about studies that have evaluated the amount of silver in

Figure 1 UV-visible light absorption spectrum of the silver nanoparticle suspension. Scan performed between 350 and 800 nm.

Table 1 Chemical Composition of Xylan Extracted from Corn Cob

Sample Polysaccharide (%) Protein (%) Phenolic Compounds (%) Molar Ratio (%)

Xyl Glc Ara Gal Man GlcA

Xylan 97.42 2.18 0.40 50.0 20.0 15.0 10.0 2.5 2.5

Abbreviations: xyl, xylose; ara, arabinose; glc, glucose; gal, galactose; man, mannose; GlcA, glucuronic acid.
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nanoparticles synthesized with the xylan polysaccharide.

However, some authors have verified the amount of silver

in the structure of nanoparticles containing other polysac-

charides. In studies conducted by Amorim et al27 and

Chen et al,38 7% and 6.7% of silver were found, respec-

tively, in a fucan-coated nanoparticle composition and in

nanoparticles synthesized with fungal exopolysaccharide.

These values are lower than those obtained by us in our

study using corn cob xylans. However, it is worth men-

tioning that the efficiency of synthesis of silver nanoparti-

cles and their characteristics depend on certain factors

such as temperature, concentration of plant extract used

during the process and reaction time,39 which would

explain the previously described variation in values as

well as the variation presented in this study.

Characterization of NX

SEM image of NX providing information on the morphol-

ogy and size of the nanoparticles is shown in Figure 2A

and B. The particles were predominantly spherical in

shape, aggregated and have an average size of 55.3 ± 10

nm. NX average size was also determined using AFM,

which was approximately 40 nm. In addition, AFM also

showed NX with a rounded/spherical shape (Figure 2C

and D). The mean volume hydrodynamic size of particles

in water as measured by DLS was 102.3 ± 1.7 nm

(Figure 2E).

The size of the NX as determined by SEM is much

smaller compared to the DLS measurements, which is

expected as DLS measures the hydrodynamic radius of

the nanoparticles suspended in water together with any

coating material on the surface of the nanoparticle.40 The

difference in size for the SEM/AFM and DLS data can

therefore be assumed to be due to the capping agent

present on the NX surface, i.e., the xylan.

NX has polydispersity index (PDI) value of 0.178. A

PDI index of less than 0.1 represents monodispersed NPs,

while an index of between 0.1 ≤ 0.2 indicates a narrow

size distribution, while an index between 0.2 ≤ 0.5 indi-

cates a broad size distribution for the sample.41

It is possible to obtain nanoparticles larger or smaller

than those found in this research. However, silver nanopar-

ticles with sizes ranging from 5 to 150 nm in diameter42–45

have been commonly observed in literature. Another

Figure 2 (A and B) Appearance of NX identified by scanning electron microscopy (SEM). Atomic Force Microscopy of silver nanoparticles containing corn cob xylan. In (C)

the nanoparticle can be seen in two dimensions. The arrow indicates the size of the nanoparticle (40.17 nm). (D) shows the representation of image C in three dimensions.

It is also possible to observe the rounded shape of the particles. (E) Size dispersion histogram obtained by dynamic light scattering (DLS).
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essential characteristic is the relation between the size of the

nanoparticles and the response they cause in biological

systems, since the cytotoxicity of silver nanoparticles is

influenced by variations in their particle size.42

Studies report that smaller particles can induce higher

cytotoxicity since they can be easily internalized by the

cells. To support this hypothesis, Carlson et al43 using silver

nanoparticles of sizes 15, 30 and 55 nm, found that the

smaller nanoparticles (15 nm) generated more reactive oxy-

gen species in murine macrophage lines. Liu et al44 in turn,

working with four human cell lines (A549, HepG2, MCF-7

and SGC-7901), also found that silver nanoparticles with a

diameter of 5 nm were more toxic than those with 20 and

50 nm.

Morphology is another factor that can influence the

activity of different types of silver nanoparticles. The

most commonly produced structures are as follows: sphe-

rical, triangular, square, cubic, rectangular, oval and aci-

cular. Considering their toxicity, it is not yet known which

form of the particle has the best effect on biological

systems and it will depend on several factors (concentra-

tion, pH, temperature, electric charge) instead of a single

factor. However, what has already been observed is that

spherical-shaped silver nanoparticles, such as the NX stu-

died in this work, do not have damaging effects on the

cells.45,46

Zeta potential analysis revealed that NX has a surface

charge of - 13.4 ± 3.6 mV. Energy-dispersive X-ray spectro-

scopy (EDS) analysis (Table 2 and Figure 3) indicated the

elements on the surface of the sample. Oxygen, carbon,

sodium and silver were the main elements. The peaks

observed at 0.18 and 3.0 keV correspond to the binding

energies of silver. As the particles were coated with gold

for EDS analysis a peak situated at the binding energy of 2.75

keV belonging to Au has been observed. No peaks of other

impurities have been detected, indicating that the silver

nanoparticles sample contain pure silver, with no oxide.

Analysis Using FT-IR

FT-IR is an important and widely used technique to study

the physicochemical and conformational properties of

compounds.47 Therefore, corn cob xylan and NX were

analysed using infrared spectroscopy and its spectra are

presented in Figure 4. There was no overlap in the spectra

but there is a coincidence of bands found in both.

Bands in both spectra with absorption close to the

3430.70–3429.93 cm−1 regions were attributed to the

O-H stretch of the xylan monosaccharides. Oliveira et al20

reported that this absorption bandwidth occurs because of

the stretching of the monosaccharide hydroxyls associated

with the water molecules by intra and intermolecular

hydrogen bonds.

The presence of arabinose side chains is characterized

by a low-intensity band in the 1161.41 cm−1 region. This

band corresponds to the C–O–C vibrations in the anomeric

region of the xylan.48 Another prominent band observed in

the 1046.59 cm−1 region of both spectra, which is a char-

acteristic of xylans, was attributed to the stretching of the

C-C and C-O groups present in the sugar residues.49

The two bands that need to be highlighted are those

observed at 896.90 cm−1 and 1039.63 cm−1. The first band

was attributed to the anomeric carbon of the β-glycosidic
bonds of the monosaccharides, while the second band is

characteristic of xylans containing β (1→ 4) glycosidic

bonds.50 Also, C, Li51 and Nacos et al52 have stated that

these bands are characteristics of polysaccharides with

xylose units in their main chain.

In both spectra, bands of moderate intensity in the

2936.63 cm−1 region were also observed which are char-

acteristic of the C-H group stretches typical of

monosaccharides.53,54

It has been reported in the literature that bands near the

1400 cm−1 region of the nanoparticle spectra correspond to

those of reduced silver.55 With xylan, this band appears in

the spectrum of the silver nanoparticles around 1392 cm−1.

We also observed the presence of a band in the

1923 cm−1 region of the NX spectrum and its absence in

the xylan spectrum, which can be an indicator of the

presence of clusters during the formation of the nanopar-

ticle or the superposition of vibrational movements.

However, we did not find data in literature reporting the

presence of this band in the spectra of the silver nanopar-

ticle with xylan.

Some xylan bands appeared to be displaced in the NX

spectra compared to those of the free xylan spectrum,

probably because of interaction between the silver and

polysaccharide, resulting in modifications in the electron

density around the xylan groups and displacing their vibra-

tional modes.

Table 2 Energy Dispersive X-Ray Spectroscopy Elemental

Composition of Synthesized Nanoxylan

Oxygen

(%)

Carbon

(%)

Sodium

(%)

Silver

(%)

Nanoxylan 26.21 59.41 9.54 4.84
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Infrared analyses suggest the interaction of polysac-

charide (xylan) groups with silver, confirming the forma-

tion of silver nanoparticles with the corn cob xylan.

Analysis of Xylan and NX Using Raman Spectroscopy

Raman spectroscopy is a technique widely used to com-

plement the study of infrared spectroscopy.56 This analysis

was carried out to confirm the structure of xylan due to its

complex nature57 and to analyse the formation of silver

nanoparticles bound to this compound.

There are few reports in literature on the analysis of the

structure of xylan using the Raman technique. Therefore, the

assignment of bands in the present work was based on inter-

pretations of the spectra and performed using the data

obtained from the Raman analyses of other polysaccharides.

In Figure 4, the presence of β-type glycosidic bonds

(1→4) is identified by a band common to both spectra in

the region around 840.18 cm−1.58 These authors also evi-

denced the same band in the Raman spectra of wheat

arabinoxylans, which have xylans in its main chain.

Three bands around 1187 cm−1 (xylan) and 1201.80 cm−1

(NX) can be reported in Figure 5. These bands are closely

related to the C-O-H and C-H groups. Zeng et al57 reported

that xylans from the cell walls, that are solubilized by

enzymes, also showed bands around the region between

1100 and 1220 cm−1.

Bands of glucopyranose rings were observed in the

spectral range of 1100 to 900 cm−1, which are indicative

of the C–C and C–O stretch modes.59

In the spectrum of NX, it can be noted that the main

vibrational modes of xylan, as discussed already, are

present and the majority of them have coincident bands

except for an intense and wide band in the region of

2721.86 cm−1. However, after analysing many studies

that have used the Raman technique to evaluate nanopar-

ticles containing silver and polysaccharides, it was found

that none presented an interpretation of this band making it

difficult to understand its significance in the NX spectrum.

Thus, it is necessary to conduct a study that goes beyond

the scope of our work to explain its meaning.

Moreover, this spectrum is clearer and contains bands

that are better defined than that of xylan. This corroborates

with the report of Li et al,60 which asserts that the quality of

Raman signals is affected by the size of their metal cores.

Data presented in this paper confirm the interaction of

xylan with silver and the formation of silver nanoparticles.

The synthesis of silver nanoparticles containing polysac-

charides aims to improve biological activities not only of

the polysaccharides themselves but also of the silver, since

the presence of polysaccharides, such as xylan, allows a

better acceptance of the nanoparticles by the cells. For

example, in the study conducted by Akmaz et al,61 it was

noted that the chitosan/silver nanoparticles had signifi-

cantly higher bacterial activity than that of pure chitosan.

Evaluation of the Antiparasitic Activity of

Nano Xylan by the Colorimetric MTT (3-

Bromo(4,5-Dimethylthiazol-2-Yl)-2,5-

Diphenyltetrazolium) Reduction Assay
Chagas disease, caused by the protozoan T. cruzi, is ende-

mic in Latin America and manifests itself in two distinct

Figure 3 Energy-dispersive X-ray spectroscopy (EDS) analysis.
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phases, acute and chronic. BNZ is the drug of choice for

treatment in the acute phase. However, despite its effec-

tiveness, it is highly toxic. On the other hand, for the

chronic phase of the disease, currently, no effective treat-

ment is available. BNZ has low solubility/bioavailability

and high toxicity and because of these factors may not

affect an intracellular form of the parasite.62 Therefore, it

is crucial to search for new drugs that are effective. Some

studies show silver as a treatment of choice due to its

antimicrobial properties; however, due to its known cyto-

toxicity, its application is limited.63 One way around this

problem is to use silver in the form of nanoparticles,

because in this formulation it is possible to use smaller

doses of the element, thus making it less toxic. Moreover,

the use of silver nanoparticles with polysaccharides

becomes interesting because many of these molecules

can easily cross the cell membrane without causing

damage to normal cells.37,64

Figure 6 shows the antiparasitic activity of NX when

incubated at concentrations of 2.5, 10 and 100 μg/mL for

24 and 48 hrs. BNZ was used as a positive control, as shown

in Figure 5. In 24 hrs, only the highest concentration eval-

uated (100 μg/mL) of BNZwas able to decrease the ability of

the parasite to reduce MTT. However, this BNZ effect on

parasites decreased after 48 hrs (Figure 5B). This decrease in

the effect of BNZ on the parasites in strain Y has also been

reported by other authors.65

Under no conditions was the xylan able to inhibit the

parasite-reducing action against MTT, even with the high-

est concentration tested (100 μg/mL). A similar result was

Figure 4 Infrared spectra of corn cob xylan and nano xylan in the 4000 to 500 cm−1 regions.
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Figure 5 Raman and infrared spectra of xylan and nano xylan.

Figure 6 Antiparasitic activity of xylan and nano xylan on the epimastigote forms of T. cruzi after incubation for 24 hrs (A) and 48 hrs (B). The negative control is

represented by CN. The positive control (BNZ) is represented by BNZ. Silver nitrate (AgNO3 - 30 μg/mL) and xylan (XYL). Different letters (a, b, c) indicate a significant

difference (p < 0.05) between various concentrations of the same sample. Different numbers (1, 2, 3) indicate a significant difference (p < 0.05) between the same

concentration of different samples. * indicates a significant difference (p< 0.05) between the negative control (CN) and the different samples. Statistical analysis was

performed using ANOVA followed by the Student-Newman-Keuls post-test.
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observed when the effect of silver nitrate was evaluated,

which showed that xylan and silver, when isolated, do not

affect the parasites. It is noteworthy that the amount of

silver nitrate used contained 30 μg/mL of silver, which is

1.5 times greater than that present in the 100 μg/mL

of NX.

When parasites were exposed to the highest concentra-

tion of NX (100 μg/mL), the reduction of MTT by the

parasite decreased significantly (82% to 95%, 24 and 48

hrs, respectively) in comparison with the negative control.

When NX cytotoxic activity was evaluated with RAW

and 3T3 cells, NX had no toxic effect on cells even at the

highest concentration (1 mg/mL) (Data not shown).

For the first time a research group has demonstrated the

antiparasitic activity of silver nanoparticles with xylan

against the T. cruzi protozoan. Although the mechanism

of silver nanoparticles has not been properly elucidated,

several studies have proposed that the nanoparticles can

adhere to the surface of the cell membrane and alter the

transmembrane permeability,66 which may justify the sig-

nificant decrease in MTT reduction in T. cruzi. Therefore,

it is believed that the mode of action of NX the same, and

this possibility can be confirmed in future studies.

Evaluation of the Process of Cell Death

by Annexin V-FITC and PI Labeling
To examine whether data observed in the MTT test were

correlated to cell death, the Annexin-V-FITC and PI label-

ing assay was performed, which differentiates apoptotic,

necrotic and viable cells according to the labeling pattern.

Strains of T. cruzi were treated with NX at concentrations

of 2.5, 10 and 100 μg/mL and analysed by flow cytometry.

In Figure 7 for the control group, 95.1% of the cells are

negative for Annexin V-FITC and PI labeling.

No cell death was observed when lower concentrations of

NX were used (2.5 and 10 μg/mL). However, a considerable

increase in the percentage of PI-positive cells was found in

the treatment that used NX at a concentration of 100 μg/mL

(98%), thus demonstrating cell death by necrosis. This fluor-

ochrome has been widely used to determine the necrotic

potential of different substances, since it has the character-

istic of marking the DNA of cells with membrane damage.67

Other compounds, such as MBHA3 (3-Hydroxy-2-methy-

lene-3-(4-nitrophenylpropanenitrile)), kill T. cruzi by indu-

cing necrosis in which extensive damages to the

mitochondrial and plasma membranes are promoted.68

Conclusions
The analyses confirmed that a xylan was obtained from the

corn cobs. Using this xylan, it was possible to synthesize

spherical-shaped silver nanoparticles (nanoxylans) contain-

ing 81% xylan and 19% silver. This nanoparticle was able

of causing death of the Y strain of the trypanosome T. cruzi

by the mechanism of necrosis, whereas silver (30 µg/mL) or

xylan (100 µg/mL) were not able to. The data described

here point to the use of nanoxylans as a possible therapeutic

alternative for the treatment of Chagas disease, which can

be proven by conducting in vivo studies in the future.

Figure 7 Evaluation of the process of cell death through flow cytometry using untreated parasites, and those treated with (NX) at concentrations of 2.5, 10 and 100 μg/mL

for 24 hrs. After this period, the T. cruzi parasites were labeled with Annexin V-FITC and Propidium iodide (PI) and analysed using flow cytometry.
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diphenyltetrazolium; NX, nano xylan; UV visible, ultraviolet;

T. cruzi, Trypanosoma cruzi; AFM, Atomic force microscopy;

ICP-OES, coupled plasma optical emission spectroscopy; Xyl,

xylose; Glc, glucose; Ara, arabinose; Gal, galactose; Man,
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XYL, xylan; PI, propidium iodide; EDS, energy dispersive

X-ray spectroscopy; DLS, dynamic light scattering; SEM,

Scanning electron microscopy.
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