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Abstract

Silver nanoparticles incorporated into magnetic nanocomposite were
synthesized using a crude methanolic extract from Piper solmsianum, which
was used as an agent for reduction and stabilization in phytochemical-
assisted synthetic nanomaterial. The antimicrobial activity of the pathogenic
microorganisms is reported here. The synthesized nanoparticles were also
characterized by transmission electron microscopy and quantification of Ag
analysis. The antimicrobial activity was evaluated by the broth microdilution
method, against the bacteria Bacillus subtilis, Staphylococcus aureus and
Escherichia coli, and the yeast Candida albicans. Among the nine compounds
tested, CMAgPs2 and CMAgPs5 presented the best results in terms of activity
against bacteria (bactericidal) and yeast (fungistatic). It was observed that crude
methanolic extract proved to be a potential reducing agent for green synthesis. It
was also found that no CMAgPs sample was toxic in the Artemia salina test.

Resumo

Nanoparticulas de prata incorporadas a nanocompdsitos magnéticos
foram sintetizadas com extrato metandlico bruto de Piper solmsianum,
que foi utilizado como agente de reducéo e estabilizacdo em nanomaterial
sintético assistido por fitoquimicos. A atividade antimicrobiana sobre micro-
organismos patogénicos foi descrita. As nanoparticulas sintetizadas também
foram caracterizadas por microscopia eletrénica de transmissdo e analise de
quantificacdo de Ag. A atividade antimicrobiana foi avaliada pelo método de
microdiluicdo em caldo, sobre as bactérias Bacillus subtilis, Staphylococcus
aureus e Escherichia coli, e a levedura Candida albicans. Dentre os nove
compostos testados, CMAgPs2 e CMAgPs5 foram os que apresentaram os
melhores resultados em termos de atividade contra bactérias (bactericidas)
e leveduras (fungistaticos). Observou-se que o extrato metandlico bruto
demonstrou ser um potencial agente redutor para a sintese verde. Também
foi verificado que nenhuma amostra de CMAgPs foi téxica no teste de
Artemia salina.
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Introduction

Silver nanoparticles (NPs) are widely used in
nanotechnology. Due to their special physical-
chemical properties, silver NPs are frequently
applied in numerous areas, including medicine,
health, agriculture, packaging, and electronics.
One of the main problems in using NPs in chemical
reactions is related to the agglomeration of NPs.
The immobilization of NPs to solid supports, such as
polymers (1), carbonaceous materials (2), and metal
oxide (3), prevents the agglomeration of NPs during
chemical reactions.

The use of plants or plant extracts in the green
synthesis of silver nanoparticles has advantages
over other biological resources because plants are
found everywhere. Different parts of the plants were
used for synthesis, such as leaves, roots, fruits, stems,
bark, and seeds. Different extracts, such as aqueous,
methanolic, hydroalcoholic, ethanolic extracts, are
the most used for this purpose (4). The presence of
secondary metabolites in plants, and consequently in
extracts such as terpenoids, flavonoids and alkaloids,
leads to the reduction and capping of nanoparticles
(5-9).

According to the World Health Organization, around
2 billion people around the world use water from
sources contaminated with feces, which can transmit
diseases such as diarrhea, cholera, dysentery,
typhoid and poliomyelitis. In addition, 844 million
people do not have access to safe drinking water
(10). Water treatment technologies are urgently
needed, especially point-of-use (POU) disinfection
technologies that are suitable for situations where
there are limited resources. As such, the POU's water
treatment technologies have received widespread
attention worldwide (11).

Magnetic nanoparticles (MNPs) are classes of
nanoparticles that generally contain iron (Fe°, Fe,O,,
y-Fe,0,). Due to their magnetic properties, the
particles can be easily separated from the processing
media by applying an external magnetic field.
MNPs have broad application in different areas, but

especially in those related to the environment (12).

In this aspect, when prepared or incorporated with
substances containing antimicrobial or adsorbent
properties, MNPs can be employed for the purification
of water in POU systems.
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Introducao

Nanoparticulas de prata (NPs) sdao amplamente
utilizadas em nanotecnologia. Devido as suas
propriedades fisico-quimicas especiais, as NPs de
pratasdofrequentementeaplicadasemdiversas areas,
incluindo medicina, saude, agricultura, embalagens
e eletrénica. Um dos principais problemas no uso
de NPs em reacdes quimicas estd relacionado a
aglomeracao de NPs. Aimobilizacao de NPs a suportes
sélidos, como polimeros (1), materiais carbonaceos
(2) e 6xido metalico (3), evita a aglomeracao de NPs
durante reagdes quimicas.

O uso de plantas ou extratos vegetais na sintese verde
denanoparticulasde pratatemvantagenssobreoutros
recursos biolégicos porque as plantas sdo facilmente
encontradas. Diferentes partes das plantas foram
utilizadas para fins de sintese, como folhas, raizes,
frutos, caules, cascas e sementes. Diferentes extratos,
como extratos aquosos, metandlicos, hidroalcodlicos
e etandlicos, sdo os mais utilizados para esse fim (4).
A presenca de metabdlitos secundarios nas plantas e,
consequentemente, em extratos, como terpenoides,
flavonoides e alcaloides, leva a reducdo e cobertura
(capeamento) de nanoparticulas (5-9).

Segundo a Organizacdao Mundial da Saude, cerca
de 2 bilhées de pessoas no mundo utilizam agua
de fontes contaminadas com fezes, que podem
transmitir doencas como diarreia, célera, disenteria,
febre tifoide e poliomielite. Além disso, 844 milhdes
de pessoas nao tém acesso a agua potavel (10).
Portanto, tecnologias para o tratamento de agua sao
necessarias e urgentes, especialmente tecnologias
para desinfeccdo de ponto de uso (PDU) que sao
adequadas para situacdes onde 0s recursos sdo
limitados. Como tal, as tecnologias de tratamento
de 4gua como PDU, tém recebido ampla atencao em
todo o mundo (11).

Nanoparticulas magnéticas (MNPs) sdao classes de
nanoparticulas que geralmente contém o ferro
(Fe°, Fe,0,, y-Fe,0,). Devido as suas propriedades
magnéticas, as particulas podem ser facilmente
separadas do meio de processamento pela aplicacao
de um campo magnético externo. Os MNPs tém ampla
aplicacdo em diversas areas, mas principalmente

naquelas relacionadas ao meio ambiente (12).

Nesse aspecto, quando preparadas ou incorporadas
a substancias com propriedades antimicrobianas ou
adsorventes, as MNPs podem ser empregadas para a
purificacdo de 4gua em sistemas de PDU.
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Piper solmsianum C. DC. (sin. Piper leucanthum or
Piper santosanum), commonly known as caapeba or
pariparoba in Brazil, is a shrub that is frequently found
in areas with wet tropical soils. It measures 1 to 3 min
height and presents glabrous and striated branches.
Its leaves are petiolate and the blade is ovate with
an acuminate apex and truncated to a cordate base.
It presents hermaphroditic flowers represented by
spike-like inflorescences (13-15).

Phytochemical studies of the plant have indicated the
presence of aliphatic hydrocarbons, monoterpenes,
sesquiterpenes, arylpropanoids, neolignans (15-17)
and flavonoids (18). It has been reported that the
plant has antibacterial (19), anti-tuberculosis (20),
antifungal (18), and trypanocidal (21) activities.

In this in vitro study, we focused on the antimicrobial
properties of  O-carboxymethychitosan/y-Fe,O./
Ag®/P. solmsianum extract (CMAgPs). First, the
nanoparticles were synthesized and characterized.
Then, the antimicrobial properties of the CMAgPs
were tested on the microorganisms (Staphylococcus
aureus, Escherichia coli, Candida albicans, Bacillus
subtilis). The effects of this nanoparticle on the living
organism Artemia salina were evaluated.

Materials and methods

The nanoparticles  O-carboxymethylchitosan/y-
Fe,0, (CM) and y-Fe,O, (MNP) were synthesized
and characterized (1). Edds of Artemia salina (high
hatching) were purchased from Maramar Aquacultura
Com. Imp. Exp. Ltda (Rio de Janeiro, Brasil). The
reagents used were of analytical grade, purchased
from Vetec (Sdo Paulo, Brazil).

For the antimicrobial evaluation, strains were
used from the American Type Culture Collection
(ATCC) (Rockville, MD, USA) Bacteria: Bacillus subtilis
(ATCC 23858), Staphylococcus aureus (ATCC 6538P),
Escherichia coli (ATCC 25922) and yeast Candida
albicans (ATCC 10231).
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Piper solmsianum C. DC. (sin. Piper leucanthum ou
Piper santosanum), popularmente conhecida no
Brasil como caapeba ou pariparoba, é um arbusto
frequentemente encontrado em dareas com solos
tropicais Umidos. Mede entre 1 e 3 m de altura e
apresenta ramos glabros e estriados. Suas folhas sao
pecioladas e o limbo é ovalado com apice acuminado
e truncado em base cordada. Apresenta flores
hermafroditas representadas por inflorescéncias em
espigas (13-15).

Estudos fitoquimicos da planta indicaram a presenca
de hidrocarbonetos alifaticos, monoterpenos,
sesquiterpenos, arilpropanoides, neolignanas (15-
17) e flavonoides (18). Tem sido relatado que a planta
possui acdo antibacteriana (19), antituberculose (20),
antifungica (18) e tripanomicida (21).

No presente estudo in vitro,focamos nas propriedades
antimicrobianas de  O-carboximethychitosan/y-
Fe ,O,/Ag°/Extrato de P. solmsianum (CMAgPs).
Primeiramente, as nanoparticulas foram sintetizadas
e caracterizadas. Em seguida, as propriedades
antimicrobianas dos CMAgPs foram testadas sobre os
micro-organismos (Staphylococcus aureus, Escherichia
coli, Candida albicans, Bacillus subtilis). Também foram
avaliados os efeitos desta nanoparticula sobre o
microcrustaceo vivo Artemia salina.

Materiais e métodos

Materiais

As  nanoparticulas  O-carboximetilquitosana/y-
Fe,O, (CM) e y-Fe,O, (MNP) foram sintetizadas e
caracterizadas (1). Os ovos de Artemia salina (alta
ecloséo) foram adquiridos da Maramar Aquacultura
Com. Imp. Exp. Ltda (Rio de Janeiro, Brasil). Os
reagentes utilizados foram de grau analitico,
adquiridos da Vetec (Sao Paulo, Brasil).

Para a avaliacao antimicrobiana, foram utilizadas
cepas da American Type Culture Collection (ATCC),
Rockville, MD, EUA. As bacterias Bacillus subtilis
(ATCC 23858), Staphylococcus aureus (ATCC 6538P),
Escherichia coli (ATCC 25922) e a levedura Candida
albicans (ATCC 10231).



Preparation of the Extract

Leaves of P. solmsianum C.D.C. var solmsianum
(Piperaceae) were collected in May 2016 in Ponta
Grossa, PR, Brazil, and identified by Dr. Elsie Franklin
Guimaraes. A voucher specimen was deposited at the
Museu Botanico do Rio de Janeiro (RB 368597).

Small pieces were extracted with methanol (MeOH)
at room temperature for 7 days. The MeOH extract
was evaporated under reduced pressure with a rotary
evaporator at 50 °C to obtain the crude MeOH extract
(CE).

Synthesis of nanocomposite containing silver

The CM (0.750 g) was dispersed in 50 mL of distilled
water. The AgNO, (0.085, 0.340, and 0.68 g) was
solubilized separately, added to the mixture and,
stirred for 20 min. Next, (0.1, 0.2 and 0.3 g) of CE,
dissolved in 20 mL of methanol: ethanol (40:10) was
added to the mixture. Concentrated ammonium
hydroxide (0.06 mL) was also added, and the pH was
adjusted to 11.0 with concentrated aqueous sodium
hydroxide. The mixture was stirred for 120 min,
protected from light, and heated to 80 °C. Finally, the
mixture was washed with distilled water and dried
under vacuum for 24 h. The resulting composite,
O-carboxymethylchitosan/y-Fe,0,/Ag was reduced
with P. solmsianum extract and was designated as
CMAgPs.

Material characterization

The particle morphology was studied under
transmission electron microscopy (TEM) using a
transmission electron microscope (JEOL JEM-1011)
operating at 100 kV at LCME/UFSC, Florianépolis,
SC, Brazil. The samples were dispersed in isopropyl
alcohol and placed in the ultrasound for 3 minutes.
Then, 10 uL was added to a carbon-coated copper
grid and air-dried. The images were analyzed using
the Imagel) software program. The concentration
of silver was determined by atomic absorption
spectrophotometry (AAnalyst™ 800, PerkinElmer).
The calibration curve was prepared by serial dilutions
of the stock solution 1000 mg L', using an assurance
grade interference check standard (SPEX CertiPrep®).

The extract content of P. solmsianum present in the
material was determined by the weight difference of the
nanocomposites after Soxhlet extraction of the organic
material, using methanol as solvent, for 24 h.
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Preparacdo do Extrato

Folhas de P. solmsianum C.D.C. var solmsianum
(Piperaceae) foram coletadas em maio de 2016 em
Ponta Grossa, PR, Brasil, e identificadas pela Dr2. Elsie
Franklin Guimaraes. Um espécime foi depositado no
Museu Botanico do Rio de Janeiro (RB 368597).

As folhas fragmentadas foram submetidas a extracao
com metanol (MeOH) a temperatura ambiente
durante um periodo de 7 dias. O extrato MeOH foi
concentrado através de evaporacao sob pressao
reduzida com um evaporador rotativo a 50 °C para
obter o extrato metandlico bruto (CE).

Sintese de nanocompdsito de prata

O CM (0,750 g) foi disperso em 50 mL de &gua
destilada. O AgNO, (0,085; 0,340 e 0,68 g) foi
solubilizado separadamente, adicionado a mistura e
agitado por 20 min. Em seguida, (0,1;0,2 e 0,3 g) de CE,
dissolvido em 20 mL de uma solucdo metanol/etanol
(40:10) foi adicionado a mistura. Hidréxido de amonio
concentrado (0,06 mL) também foi adicionado e o
pH foi ajustado para 11,0 com solucao de hidroxido
de sédio concentrado. A mistura foi agitada por
120 min, protegida da luz e aquecida a 80 °C. Por
fim, a mistura foi lavada com 4dgua destilada e seca
sob vacuo por 24 horas. O composto resultante,
O-carboximetilquitosana/y-Fe,0,/Ag foi reduzido
pelo extrato de P. soImsianum sendo denominado
CMAgPs.

Caracterizacdo do material

A morfologia da particula foi avaliada sob
microscopia eletrénica de transmissao (TEM) usando
um microscopio eletronico de transmissao (JEOL
JEM-1011) operando a 100 kV no LCME/UFSC,
Florianoépolis, SC, Brasil. As amostras foram dispersas
em alcool isopropilico e colocadas em ultrassonicador
por 3 minutos. Em seguida, 10 pL foram adicionados
em uma grade de cobre revestida com carbono e
secados ao ar. As imagens foram analisadas por meio
do programa de software Imagel. A concentracdo
de prata foi determinada por espectrofotometria
de absorcdo atomica (AAnalyst™ 800, PerkinElmer).
A curva de calibracdo foi preparada por diluicdes
seriadas da solucao estoque 1000 mg L, utilizando
padrées de verificacdo de graus de interferentes
(SPEX CertiPrep®).

O teor de extrato de P. solmsianum presente no
material foi determinado pela diferenca de peso dos
nanocompésitos apods extracao do material organico
através de Soxhlet, utilizando metanol como solvente,
por 24 horas.
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Antimicrobial assay

The minimum inhibitory concentrations (MIC) against
bacteria and yeast strains were determined in 96-
well microtiter plates by two-fold dilution of the
nanocomposites using a standard broth microdilution
of the antibacterial agents, following the guidelines
of the Clinical and Laboratory Standards Institute
(22,23), with minor modifications. Serial dilutions
of the antibacterial material were performed in
Mueller-Hinton (bacteria) and Sabouraud dextrose
(yeast) broths, which were inoculated with a
standardized number of organisms to obtain the final
cell concentration equivalent to 5 x 10* cell mL" for
bacteria and 0.5 x 10 to 5 x 10® cell mL" for yeast, and
incubated at 35 °C for 18 hours (bacteria) and 24-48
hours (yeast). The concentrations tested ranged from
1000 to 1.95 pug mL". Cell growth was determined
by observing the turbidity of the culture. The lowest
concentration of the materials at which no visual
turbidity could be observed was considered to be the
MIC of the antimicrobial materials.

Determination of time-Kkill kinetics

The time-kill kinetics were determined using the
method proposed by CLSI (24) with adaptations.
CMAgPs samples with the lowest MIC values for
each microorganism were prepared and added
to a test tube with 5 mL Mueller-Hinton (bacteria)
and Sabouraud (yeast). Next, 10 yL inoculum at 0.5
x 10® cells mL', standardized by comparison with
the McFarland scale, was added and the solution
was homogenized. For the positive control, only
the inoculum was added. 500 pL the solution with
CMAGgPs plus inoculum was serially dilutions in 0.86%
sterile saline (10" to 10®), and the same was done
with the positive control (107 to 108). Next, 50 pL of
each dilution was dispersed in Petri plates containing
Mueller-Hinton agar and Sabouraud agar, spread
with a Drigalski loop on the surface of the plate. This
procedure was repeated after 2, 4, 8 and 24 hours.
After each procedure, the plates were incubated at
35 °C for 48 hours, and the colonies were counted
considering the dilution factor for the calculations,
and the results reported in colony forming unit per
milliliter (CFU mL") and then extrapolated into Log, .
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Ensaio antimicrobiano

As concentragdes inibitérias minimas (CIM) contra
cepas de bactérias e leveduras foram determinadas
em placas de microtitulacdo de 96 pocos por
diluicdo dupla dos nanocompésitos usando uma
microdiluicdo em caldo padrdao dos agentes
antibacterianos, sequindo as diretrizes do Clinical and
Laboratory Standards Institute (22, 23), com pequenas
modificacdes. Diluicdes seriadas do material
antibacteriano foram realizadas em caldo Mueller-
Hinton (bactéria) e Sabouraud dextrose (levedura), os
quais foram inoculados com um nimero padronizado
de organismos para obtencdo da concentracdo
celular final equivalente a 5 x 10* células mL" para
bactérias e 0,5 x 10* a 5 x 10°® células mL" para
levedura, e incubados a 35 °C por 18 horas (bactérias)
e 24-48 horas (leveduras). As concentracdes testadas
variaram de 1000 a 1,95 pg mL™". O crescimento celular
foi determinado observando a turbidez da cultura. A
menor concentracao dos materiais em que nenhuma
turbidez visual pode ser observada foi considerada a
CIM dos materiais antimicrobianos.

Determinacdo da cinética de morte microbiana

A cinética de morte foi determinada pelo método
proposto por CLSI (24), com adapta¢des. As amostras
de CMAgPs com os menores valores de CIM para cada
micro-organismo foram preparadas e adicionadas
a um tubo de ensaio com 5 mL de Mueller-Hinton
(bactéria) e Sabouraud (levedura). A seguir, foram
adicionados 10 uL de indéculo a 0,5 x 108 células mL
', padronizado por comparagdo com a escala de
McFarland, e a solucdo foi homogeneizada. Para o
controle positivo, foi adicionado apenas o indculo. A
solugao com CMAgPs (500 L) acrescida de indculo,
foram diluidas seriadamente (10" a 10%) em solucao
salina (0,86%) estéril e o mesmo foi feito com o
controle positivo (10" a 10%). Em seguida, 50 uL de
cada diluicdo foram dispersos em placas de Petri
contendo 4gar Mueller-Hinton e agar Sabouraud,
espalhadas na superficie da placa com auxilio de alca
de Drigalski. Este procedimento foi repetido apds 2, 4,
8 e 24 horas. Apds cada procedimento, as placas foram
incubadas a 35 °C por 48 horas, e posteriormente
as colonias foram contadas e para os calculos, foi
levado em consideracdo o fator de diluicdo, sendo
os resultados relatados em unidades formadoras de
colénias por mililitro (CFU mL") e entdo expresso em
Log,,.



Exposure test of Artemia salina to CMAgPs

The tests were performed according to the protocol
described and validated by Kos et al. (25). The
dehydrated eggs of Artemia salina were hatched in
saline medium (sea salt 38 g L") at pH 8.0. The eggs
were dispersed in the medium (100 mg of eggs per
100 mL of medium) and incubated for 24 h under
light and aeration.

The acute toxicity was determined by measuring the
number of dead Artemia. The 24-hour-old nauplii
were transferred to 24-well plates, with 10 nauplii in
each, which were placed in contact with the materials
and NPs (2 mL) at concentrations of 5, 10, 15, 25, 50,
and 100 mg L. Ten replicates were used for each
treatment. Saline medium was used as negative
control, and a 60 mg L solution of K.Cr,O, was used
as positive control. The plates were incubated in
the dark at 24 °C. The number of dead nauplii was
evaluated after 24 and 48 h, with immobile nauplii
being considered dead. The test was considered valid
if less than 10% of the control nauplii were immobile.

The mortality rate was calculated by following the
equation:
Number of dead A. salina

% Mortality =
y Initial number of A. salina

Statistical Analysis

For each assay, the means were averaged from the
replicates, and the error bars corresponded to the
standard deviation of the mean. One-way analysis
of variance (one-way ANOVA) was used, followed by
Dunnett’s method and Tukey's test, to determine the
statistical significance of each parameter among the
treatments, with significant differences at p < 0.01 or
0.05.The statistical analyses were conducted using the
software GraphPad Prism 5.0 (GraphPad Software).
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Teste de exposicdo de Artemia salina a CMAgPs

Os testes foram realizados de acordo com o protocolo
descrito e validado por Kos et al. (25). Os ovos
desidratados de Artemia salina foram eclodidos em
meio salino (sal marinho 38 g L") a pH 8,0. Os ovos
foram dispersos no meio (100 mg de ovos por 100 mL
de meio) e incubados por 24 h sob luz e aeracao.

A toxicidade aguda foi determinada pela medicao
do numero de Artemia mortas. Os nauplios com 24
horas de idade, foram transferidos para placas de 24
pocos, com 10 nduplios cada, que foram colocadas
em contato com os materiais e NPs (2 mL) nas
concentragdes de 5, 10, 15, 25, 50 e 100 mg L. Dez
réplicas foram usadas para cada tratamento. Meio
salino foi utilizado como controle negativo e solucao
de K, Cr,0,60 mg L' como controle positivo. As placas
foram incubadas no escuro a 24 °C. O ndmero de
nauplios mortos foi avaliado apds 24 e 48 h, sendo
os nauplios iméveis considerados mortos. O teste sé
foi considerado valido quando menos de 10% dos
nauplios de controle estivessem imdveis.

A taxa de mortalidade foi calculada seguindo a
equacao:
Numero de mortos A. salina

% Mortalidade =
o Moralldade = "Numero inicial de A. salina

Andlise estatistica

Para cada ensaio, as médias foram calculadas a partir
das réplicas e as barras de erro corresponderam
ao desvio padrao da média. Foi utilizada analise de
varianciade umavia (ANOVA de umavia), sequida pelo
método de Dunnett e teste de Tukey, para determinar
a significancia estatistica de cada parametro entre os
tratamentos, com diferenca significativa em p < 0,01
ou 0,05. As analises estatisticas foram realizadas por
meio do software GraphPad Prism 5.0 (GraphPad
Software).
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Results and Discussion

Characterization of materials

The CM was previously prepared and characterized.
It presented saturation magnetization, at room
temperature, of 11.78 emu g and the weight fraction
of y-Fe O, particles was estimated at ~18.6 wt % (1).

Silver and extract content

As the AgNO, was mixed with the solution
plant extract, the initial color changed from
brown to black. The secondary metabolites
present in the plants, such as phenols, terpenoids,
alkaloids, carbohydrates, and proteins, which
reduce Ag* to Ag® play an important role in the
synthesis (26, 27). The relatively high levels of the
eupomatenoid-3, eupomatenoid-5, conocarpan
and orientin (18, 19), isoelemicin, syringaldehyde,
3,4,5-trimethoxy-benzoic acid, sitosterol, grandisin,
rel-(7R,8R,70R,80R)-30,40-methylenedioxy-
3,4,5,50-tetramethoxy-7,70-epoxylignan, rel-
(7R,8R,70R,80R)-3,4,30,40-dimethylenedioxy-
5,50-dimethoxy-7,70-epoxylignan(21);
rel-(7R,8S,70S,80R)-3,4,5,30,40,50-hexamethoxy-
7,70-epoxylignan,rel-(7R,8S,70S,8R0)-30,40-
methylenedioxy-3,4,5,50-tetramethoxy-7,70-
epoxylignan (28) may be act as reducing agents, or
capping agents that provide stability to the silver
nanoparticles.

The amount of silver present in the different materials
is shown in Table 1. The results show that the amount
of silver incorporated in the magnetic material
increases as the amount of silver added to the reaction
medium is increased. When the amount of silver
added is small, the amount added to the extract has
noinfluence on the amount of silver incorporated. The
alkaline medium, the presence of free amino groups
of O-carboxymethylchitosan, and a temperature of
80 °C provide conditions for the formation of silver
nanoparticles (1). The silver ions initially diffused
into the CM, then they were uniformly anchored in
the polymer network by many -NH,, -COOH, -OH,
and -NHCOCH.® groups on the main chains of CM
via coordination and electrostatic interactions and
subsequent reduction to Ag° The chitosan fraction
presentin O-carboxymethylchitosan (16%) may act as
areducing agent. In the reaction system, the nitrogen
atom in the amines may lose one electron to generate
its oxidized form, while the Ag* ions may receive the
electron to become Ag® (29).
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Resultados e Discussoes

Caracteriza¢édo dos materiais

O CM foi previamente preparado e caracterizado. O
mesmo apresentou magnetizacao de saturagao, a
temperatura ambiente, de 11,78 emu g e a fracao
ponderal das particulas de y-Fe,O, foi estimada em
~18,6 % em peso (1).

Conteldo de prata e extrato

Como o AgNO, foi misturado com a solu¢ao de
extrato vegetal, a cor inicial mudou de marrom
para preto. Os metabdlitos secundarios presentes
nas plantas, como fendis, terpenoides, alcaloides,
carboidratos e proteinas, que reduzem Ag" a
Ag®, desempenham um papel importante na
sintese (26, 27). Os niveis relativamente elevados
de eupomatenoide-3, eupomatenoide-5,
conocarpano e orientina (18, 19), isoelemicina,
siringaldeido, acido 3,4,5-trimetoxi-benzéico,
sitosterol, grandisina, rel-(7R,8R,70R,80R)-30,40-
metilenodioxi-3,4,5,50-tetrametoxi-7,70-epoxilignan,
rel-(7R,8R,70R,80R)-3,4,30,40-dimetilenodioxi-5,50-
dimetoxi-7,70-epoxilignano (21); rel-(7R,85,70S,80R)-
3,4,5,30,40,50-hexametoxi-7,70-epoxilignan,
rel-(7R,8S,70S,8R0)-30,40-metilenodioxi-3,4,5,50-
tetrametoxi-7,70-epoxilignan (28), podem atuar
como agentes redutores, ou agentes de cobertura
(capeamento) que conferem estabilidade as
nanoparticulas de prata.

A quantidade de prata presente nos diferentes
materiais é apresentada na Tabela 1. Os resultados
mostram que a quantidade de prata incorporada
no material magnético, aumenta com o aumento da
quantidade de prata adicionada ao meio reacional.
Quando a quantidade de prata adicionada foi
pequena, a quantidade adicionada ao extrato nao
influénciou na quantidade de prata incorporada.
Em meio alcalino, a presenca de grupos amino
livres de O-carboximetilquitosana e a temperatura
de 80 °C, fornecem condicbes para a formacao
de nanoparticulas de prata (1). Os ions de prata
inicialmente se difundiram no CM, entao eles foram
uniformemente ancorados na rede polimérica por
muitos grupos -NH,, -COOH, -OH e -NHCOCH,°
nas cadeias principais do CM, via coordenacao
e interacbes eletrostiaticas e  subsequente
reducdo para Ag°. A fracdo quitosana presente na
O-carboximetilquitosana (16%) pode atuar como
agente redutor. No sistema de reacao, o dtomo de
nitrogénio nas aminas pode perder um elétron para
gerar sua forma oxidada, enquanto os ions de Ag*
podem receber o elétron para se tornar Ag°® (29).
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Table 1 - Amount of silver and Piper solmsianum extract present in eight different nanocomposites.
Tabela 1 - Quantidade de prata e extrato de Piper solmsianum em oito diferentes nanocompésitos.

Material AgNO. (mg) |CE'(g) |Ag(mgg’) |CE'(mgg’) Ratio CE: Ag (w:w)’
CMAgPs1 85 100 39.5 135 3.4:1
CMAgPs2 340 100 115.8 138 1.2:1
CMAgPs3 600 100 131 126 0.96:1
CMAgPs4 85 200 25.2 215 8.5:1
CMAgPs5 340 200 126.1 147 1.1:1
CMAgPs6 600 200 137 190 1.4:1
CMAgPs7 85 300 285 261 9.2:1
CMAgPs9 600 300 171.1 216 1.3:1

CMPs - 300 - 175 -

*Crude Methanolic Extract; *Ratio CE: Ag (w:w) / * Extrato Metandlico Bruto; TProporgéo CE: Ag (p:p).

On the other hand, as the amount of silver added
to the medium is increased, the amount of added
extract has a direct influence on the amount of
silver incorporated. In these cases, the presence
of phytoconstituents with reducing properties is
fundamental for the reduction of Ag* to Ag°.

The amount of extract incorporated in the magnetic
material varied between 12.6-26.1% (Table 1). When
the materials were prepared with 0.1 g of extract,
the total incorporation of the extract occurred. The
resulting filtration solution was colorless (data not
shown). When larger concentrations were used (0.2
and 0.3 g) the resulting solution had a greenish color,
indicating the presence of soluble extract.

Structural characterization TEM

The detailed morphology and structural studies of
O-carboxymethylchitosan/y-Fe,O,  nanocomposite
(CM), previously described, have shown that y-Fe,O,
nanoparticles have an average diameter of 9.2 nm (1).
The TEM image of the prepared CMAgPs with both Ag
andy-Fe O, particlesinthe O-carboxymethylchitosan/
extract matrix is shown in Figure 1A.

A histogram of particle sizes is shown in Figure 1B
for CMAgPs9. It can be satisfactorily described by a
lognormal distribution of particle diameters, giving
an average grain size of 28.1 + 9.7 nm, and with broad
size distribution (10-60 nm). The amount of extract
present in the particles does not alter the particle
size (Figure 2). The particle sizes found are larger
than those reported when extracts from Eugenia
umbelliflora, sucrose and NaBH, (1) were used as a
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Por outro lado, a medida que aumentou a quantidade
de prata adicionada ao meio, a quantidade de extrato
adicionada influenciou diretamente na quantidade
de prata incorporada. Nesses casos, a presenca de
fitoconstituintes com propriedades redutoras é
fundamental para a reducao de Ag* a Ag®.

A quantidade de extrato incorporado ao material
magnético variou entre 12,6-26,1% (Tabela 1). Quando
os materiais foram preparados com 0,1 g de extrato,
ocorreu a incorporacao total do extrato. A solucao de
filtracdo resultante era incolor (dados ndo mostrados).
Quando maiores concentracées foram utilizadas (0,2
e 0,3 g) a solucao resultante apresentou coloragao
esverdeada, indicando a presenca de extrato soluvel.

Caracterizacgdo estrutural TEM

A morfologia detalhada e os estudos estruturais
do nanocompésito  O-carboximetilquitosana/y-
Fe,O, (CM), descritos anteriormente, mostraram
que as nanoparticulas de y-Fe,O, tém um diametro
médio de 9,2 nm (1). A imagem TEM dos CMAgPs
preparados com particulas Ag e y-Fe,O, na matriz
O-carboximetilquitosana/extrato é mostrada na
Figura 1A.

Um histograma de tamanhos de particula CMAgPs9
é mostrado na Figura 1B. Pode ser descrito
satisfatoriamente por uma distribuicdo log normal de
diametros de particula, dando um tamanho médio de
28,1 + 9,7 nm, e com ampla distribuicdo de tamanho
(10-60 nm). A quantidade de extrato presente nas
particulas ndo alterou o tamanho das particulas
(Figura 2). Os tamanhos de particula encontrados
foram maiores do que os relatados para os extratos de
Eugenia umbelliflora, sacarose e NaBH, (1) que foram
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silver-reducing agent. Particle size depends on the
amount of silver salt, the amount and type of capping,
and the reducing agent (30, 31).

Antimicrobial Activity

The antibacterial activity of the CMAgPs materials
was quantitatively evaluated by determining the MIC
against the pathogens. The results are shown in Table
2. As can be seen, all silver NP showed activity against
all strains of organisms tested (bacteria and yeast),
but the activity varied according to the silver and P,
solmsianum CE concentrations in each sample.

The minimum inhibitory concentration of the
samples ranged from 125 to 1000 ug mL’, and the
most sensitive organism was E. coli. As can be seen,
the increased amount of extract employed in the
complexation of CM with AgNO, did not potentiate
the antimicrobial effect of the extract, but its addition
acted as a silver reducing agent.

The concentration of P. solmsianum extract in the
NP was 175 pg mL', which was sufficient for good
antimicrobial activity, as it is reported that CE has an
activity of between MIC 6-30 pg mL" for gram-positive
bacteria and between MIC 20-30 ug mL™ for fungi (18,
19). However, the silver-free NP showed poor activity
against S. aureus, and was inactive for the other tested
microorganisms.

29 om
| —

usados como agente redutor de prata. O tamanho
da particula depende da quantidade de sal de prata,
da quantidade e tipo de capeamento e do agente
redutor (30, 31).

Actividade Antimicrobiana

A atividade antibacteriana dos materiais CMAgPs
foi avaliada quantitativamente pela determinacao
da CIM contra os patdégenos. Os resultados sdo
mostrados na Tabela 2. Como pode ser visto, todas
as NPs de prata apresentaram atividade contra
todas as cepas de organismos testadas (bactérias e
levedura), mas a atividade variou de acordo com as
concentracdes de prata e CE de P. solmsianum em
cada amostra.

A concentragao inibitéria minima das amostras
variou de 125 a 1000 ug mL", e o organismo mais
sensivel foi a E. coli. Como pode ser observado, o
aumento da quantidade de extrato empregado na
complexagdo do CM com AgNO, nao potencializou
o efeito antimicrobiano do extrato, mas sua adicdo
atuou como agente redutor de prata.

A concentracao do extrato de P. solmsianum no NP
foi de 175 ug mL’, o que foi suficiente para uma boa
atividade antimicrobiana, pois é relatado que o CE
tem atividade entre CIM entre 6 e 30 ug mL' para
bactérias gram-positivas e CIM entre 20 e 30 ug mL"
para fungos (18, 19). No entanto, a NP livre de prata
apresentou atividade fraca contra S. aureus, e inativa
para os demais micro-organismos testados.
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Figure 1-TEM image of CMAgPs9 nanocomposite (A) and histogram of particle size distribution (Ag and
y-Fe,0,) with a log-normal function (solid black line) obtained for y-Fe,O, particles in CMAgPs9 (B).

Figura 1 - Imagem TEM do nanocompdsito CMAgPs9 (A) e histograma de distribuicao de tamanho de
particula (Ag e y-Fe,0,) com funcao log-normal (linha preta sélida) obtida para particulas y-Fe,O, em

CMAgPs9 (B).
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Table 2 - Minimum inhibitory concentration (MIC) of eight nanoparticles samples associated with different
concentrations of Piper solmsianum extract.

Tabela 2 - Concentracdo inibitéria minima (CIM) de oito amostras de nanoparticulas associadas a diferentes
concentragoes de extrato de Piper solmsianum.

Material MIC/CIM (ug mL7)
Bacillus subtilis | Staphylococcus aureus | Escherichia coli | Candida albicans
CMAgPs1 500 250 250 500
CMAgPs2 125 250 250 500
CMAgPs3 250 250 250 500
CMAgPs4 500 250 250 1000
CMAgPs5 250 250 125 125
CMAgPs6 500 250 125 500
CMAgPs7 1000 500 500 500
CMAgPs9 500 500 250 500
CMPs >1000 1000 >1000 >1000
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Figure 2 - Histogram of particle size distribution (Ag and y-Fe,0,) with a log-normal function (solid black
line) obtained for y-Fe,0, particles in CMAgPs5 (A) and TEM image of CMAgPs5 nanocomposite (B), and in
CMAgPs1 (C) and TEM image of CMAgPs1 nanocomposite (D).

Figura 2 - Histograma de distribuicdo do tamanho de particula (Ag e y-Fe,O,) com funcao log-normal
(linha preta continua) obtido para particulas de y-Fe,O, em CMAgPs5 (A) eimagem TEM do nanocompdsito
CMAgPs5 (B) e em CMAgPs1 (C) e imagem TEM do nanocompésito CMAgPs1 (D).
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The results of the antimicrobial activity presented
by CMAgPs NP suggest that there is no relationship
between the amount of silver and residual CE from
P. solmsianum and antimicrobial activity, since it did
not vary proportionally to the amount of silver and
CE present.

There was no correlation between the MIC NP
samples with the respective concentrations of CE and
Ag. However, when the relationship between these
two components in the NP samples is added to the
analysis, it can be inferred that the NP with the best
activity profiles (CMAgPs2, CMAgPs5 and CMAgPs6)
were those in which the ratios of CE and Ag were
between 1.1:1 and 1.4:1, suggesting that higher
concentrations of CE may be disrupting the activity
by covering the active sites of the Ag. The results also
showed that low concentrations of Ag in PN are not
sufficient for good antimicrobial activity.

Killing kinetics

Killing kinetics assays were performed based on the
selection of NP, which presented the best inhibition
profile (CMAgPs5) against E. coli and C. albicans. For E.
coli, the analyses were based on the MIC (125 ug mL
') and sub-inhibitory (62.5 ug mL") concentrations,
and the results revealed that the NP (CMAgPs5)
showed bactericidal action, where after the first hour,
a marked reduction in viability was seen and after
the fourth hour, cell viability for the concentration of
125 pg mL" was no longer seen. Also, as can be seen
in Figure 3A, after 24 h, for both NP concentrations,
there was a reduction in viability in the order of < 6
Log,,, relative to the control. Based on the result of
the sub-inhibitory concentration, which still has a
bactericidal effect, a concentration equivalent to
of the MIC (15.62 pg mL") was also evaluated. At this
concentration, the compound showed a reduction
in the number of viable cells in the order of < 3
Log,, until the eighth hour of incubation, compared
to the control, and after this time there was an
increase in the number of viable cells, showing that
at this concentration, inhibition does occur, but the
microorganism remains viable. A similar study was
conducted by Haque et al. (32) with NPAg, which
also obtained similar results against E. coli. Therefore,
considering the concentration of the active principle
against the microorganism, the inhibition time, and
the unfeasibility, the results found for CMAgPs5 can
be considered very promising.
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Os resultados da atividade antimicrobiana
apresentados pelos CMAgPs NP sugerem que nao
houve relacdo entre a quantidade de prata e CE de
P. solmsianum residual e a atividade antimicrobiana,
uma vez que nao variou proporcionalmente a
quantidade de prata e CME presentes.

Nao houve correlacdo entre a CIM das amostras
de NP com as respectivas concentracbes de CE e
Ag. No entanto, quando a relacdo entre esses dois
componentes nas amostras NP foi adicionada a
analise, pode-se inferir que o NP com os melhores
perfis de atividade (CMAgPs2, CMAgPs5 e CMAgPs6)
foram aqueles em que as proporcdes de CE e Ag
ficaram entre 1,1:1 e 1,4:1, sugerindo que maiores
concentracdes de CE podem estar atrapalhando a
atividade cobrindo os sitios ativos do Ag. Os resultados
também mostraram que baixas concentracdes de Ag
em NP ndo foram suficientes para uma boa atividade
antimicrobiana.

Cinética de morte microbiana

Os ensaios de avaliacao da cinética de morte foram
realizados empregando-se a NP que apresentou o
melhor perfil de inibicdo (CMAgPs5) contra E. coli e
C. albicans. Para E. coli, as andlises foram baseadas
nas concentragoes CIM (125 pg mL") e sub-inibitéria
(62,5 ug mL"), para o qual os resultados revelaram
que o NP (CMAgPs5) apresentou agao bactericida,
onde apo6s a primeiro hora, houve redugao acentuada
da viabilidade e apds a quarta hora, a viabilidade
celular, para a concentracdo de 125 pug mL™", ndo foi
mais observada. Além disso, como pode ser visto na
Figura 3A, apos 24 h, para ambas as concentrages
de NP, houve uma reducao na viabilidade da ordem
de < 6 Log,, em relagao ao controle. Com base no
resultado da concentracdo subinibitéria, que ainda
tem efeito bactericida, também foi avaliada uma
concentragao equivalente a % da CIM (15,62 pg
mL-'). Nesta concentracdao, o composto apresentou
reducao no numero de células vidveis na ordem de
< 3 Log,, até a oitava hora de incubagao, em relagao
ao controle, e apos este tempo, houve aumento no
numero de células vidveis, mostrando que nesta
concentracdo, a inibicao ocorre, porém o micro-
organismo permanece viavel. Um estudo semelhante
foi conduzido por Haque et al. (32) com NPAg, que
também obteve resultados semelhantes contra E. coli.
Portanto, considerando a concentragao do principio
ativo sobre o micro-organismo, o tempo de inibicao
e a sua inviabilidade, os resultados encontrados
para CMAgPs5 podem ser considerados bastante
promissores.



For C. albicans, the analysis of killing kinetics data
revealed a fungistatic effect of this NP against yeast,
as it reduced the viable population (CFU mL") by
< 2 Log,, when compared to the control (Figure
3B). However, it was not able to completely kill this
organism. Compounds with this type of action
only inhibit microbial growth without necessarily
rendering it inviable.

In general, the fungistatic effect is caused by some
reversible metabolic damage in yeast and may grow
back over time. In this experiment, for CMAgPs5,
growth occurred after 4 h. Based on these results,
the supra-inhibitory concentration was evaluated as
twice the MIC (250 pg mL™). It was observed that at
this dose, the yeast kept the number of viable cells
stable for 8 h without considerable growth, however,
after this period, the viable number increased to
control levels, and after this period, the number of
viable increased, as did the control.

Toxicity associated with nanocomposite in Artemia
salina nauplii

A. salina cytotoxicity is one of the most reliable
methods of screening and detecting the cytotoxicity
of a product. For this test, the compounds with the
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Para C. albicans, a andlise dos dados da cinética de
morte revelou um efeito fungistatico da NP sobre
a levedura, pois reduziu a populacao viavel (CFU
mL") em < 2 Log,, quando comparado ao controle
(Figura 3B). No entanto, nao foi capaz de inviabilizar
completamente este organismo. Compostos com
este tipo de acao apenas inibem o crescimento
microbiano sem necessariamente inviabiliza-lo.

Em geral, o efeito fungistatico é causado por algum
dano metabdlico reversivel na levedura que pode
voltara crescer com o tempo. Neste experimento, para
CMAgPs5, o crescimento ocorreu ap6s 4 h. Com base
nesses resultados, a concentracdo suprainibitoria
foi avaliada como duas vezes a CIM (250 pg mL").
Observou-se que nesta dose, a levedura manteve
0 numero de células vidveis estavel por 8 h sem
crescimento considerdvel, porém, apds este periodo,
o numero de células vidveis aumentou para os niveis
semelhantes ao controle. E apds esse periodo, o
numero de vidveis aumentou, assim como o controle.

Toxicidade associada ao nanocompdsito em nduplios
de Artemia salina

A citotoxicidade sobre A. salina é um dos métodos
de triagem e deteccao de citotoxicidade para
diversos produtos. Para este teste, os compostos com

108

105

104

103

CFU mL-

102

101

100

2 4

Hours / Horas

24

=== 250 ng mL"
== 125 pg mL-
==gfr= Control / Controle

Figure 3 - Time-kill curve of Escherichia coli (A) and Candida albicans (B) against the action of nanoparticle

CMAQgPs5.

Figura 3 - Curva de tempo de morte de Escherichia coli (A) e Candida albicans (B) submetidas a acdo da

nanoparticula CMAgPs5.
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Table 3 - Cytotoxicity of four selected nanocomposites and Piper solmsianum extract on Artemia salina.
Tabela 3 - Citotoxicidade de quatro nanocompésitos selecionados e do extrato de Piper solmsianum sobre

Artemia salina.
Material (-) control / controle 25mgL?! 50mg L’ 100 mg '

24h 48 h 24h 48h 24h 48h 24h 48h

CMAgPs1 0+0 0+0 0+0 0+0 0+0 3+1 0+0 0x0

CMAgPs5 0£0 0£0 0£0 0£0 0£0 0£0 0£0 0£0

CMAgPs9 0+0 0+0 0+0 3+1 0+0 2+1 0+0 0+0

CMPs 0+0 0+0 0+0 0+0 0+0 3%1 0+0 46x5

CE 0+0 0+0 100+0 100+0 100+0 100+0 100+0 100+0

best antimicrobial activity results, as well as those
that could cover from the lowest concentrations of
Ag (CMPs and CMAgPs1) to the highest (CMAgPs9),
passing through an intermediate concentration
(CMAgPs5) and the same criterion for the
concentration of CE. The respective results are shown
in Table 3.

No nauplii died during the toxicity tests in the
control group. After exposure for 24 h, no effect on
survival of nauplii was observed for CMAgPs in the
concentration range used. When the nauplii were in
contact with CE, 100% death was observed within 24
h, over the entire concentration range. After exposure
for 48 h, with the CMAgPs, 46% of the nauplii died
at the concentration of 100 mg L' and the death
of all nauplii was observed (p<0.001) for CE in the
concentration range used.

The EC,, of P. solmsianum CE for nauplii has been
reported to be 89.9 ug L' (18). This concentration
is well below that presented in the present study,
which was between 3.4 and 26.6 mg L. This result
reveals that the incorporation of the extract in the
magnetic material decreases its toxicity, which may
be attributed to the decreased solubility of the extract
incorporated into the magnetic material. The toxicity
of CMPs and CE to A. salina nauplii may be linked to
the cytotoxic activity of conocarpan, which hasanIC_,
of 2.9 ug L' (18), however, more studies are needed to
elucidate what types of interactions are occurring so
that toxicity is reduced. It is noteworthy that although
the number of studies using the A. salina test has
increased, due to several factors, as well as showing
a good correlation of cytotoxicity (33), it does not
replace other more specific and sensitive tests (34).
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melhores resultados atividade antimicrobiana, bem
como, aqueles pudessem cobrir desde as menores
concentracdes de Ag (CMPs e CMAgPs1) até as
maiores (CMAgPs9), passando por uma concentragdo
intermediaria (CMAgPs5) e mesmo critério para a
concentracdo de CE. Os respectivos resultados sdo
mostrados na Tabela 3.

Nenhum nauplio morreu durante os testes de
toxicidade no grupo controle. Apds exposicao por
24 h, nenhum efeito na sobrevivéncia dos nauplios
foi observado para CMAgPs na faixa de concentracao
utilizada. Quando os nduplios estiveram em contato
com o CE, 100% de morte foi observada em 24 h, em
toda a faixa de concentracdo. Apos exposicao por 48
h, com os CMAgPs, 46% dos nauplios morreram na
concentragcao de 100 mg L' e a morte de todos os
naupliosfoi observado (p<0,001) para CE na faixa de
concentragao utilizada.

O EC,, do CE P. solmsianum para os nauplios tem sido
relatado como 89,9 ug L (18). Essa concentracao esta
bem abaixo da apresentada no presente estudo, que
ficou entre 3,4 e 26,6 mg L. Este resultado revela que
a incorporacdo do extrato no material magnético
diminui sua toxicidade, o que pode ser atribuido a
diminuicao da solubilidade do extrato incorporado
ao material magnético. A toxicidade das CMPs e CE
aos nauplios de A. salina pode estar ligada a atividade
citotéxica do conocarpano, que possui IC_ de 2,9
Mg L7 (18), porém sdao necessdrios mais estudos para
elucidar que tipos de interacdes estao ocorrendo
para que a toxicidade esteja sendo reduzida. Ressalta-
se que embora o niumero de pesquisas que utilizem o
teste de A. salina tenha aumentado, devido a varios
fatores, e tenha apresentado boa correlacao de
citotoxicidade (33), ele ndo substitui outros testes
mais especificos e sensiveis (34).



Conclusions

All the silver nanoparticles (NPs) obtained showed
antimicrobial activity. The best results for antibacterial
activity were obtained with CMAgPs2 against B.
subtilis, CMAgPs5 and CMAgPs6 against E. coli (MIC
125 pg mL"). The NPs from CMAgPs1 to CMAgPs6
showed good antibacterial activity against S. aureus
(MIC of 250 ug mL™"), and CMAgPs5 also showed good
activity on C. albicans (125 pg mL"). The evaluation
of killing kinetics revealed that CMAgPs5 showed
bactericidal and fungistatic effects. Despite the
recognized activity of CE, its potentiating effect of
antimicrobial activity was not observed, but it has
proven to be a potential reducing agent for green
synthesis. In the toxicity test against Artemia saling,
none of the NPs (CMAgPs) proved to be toxic.
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Conclusoes

Todas as nanoparticulas de prata (NPs) obtidas
apresentaram atividade antimicrobiana. Os melhores
resultados para atividade antibacteriana foram
obtidos com CMAgPs2 contra B. subtilis, enquanto
que CMAgPs5 e CMAgPs6 contra E. coli (CIM 125 ug
mL"). As NPs de CMAgPs1 a CMAgPs6 apresentaram
boa atividade antibacteriana contra S. aureus (CIM
de 250 ug mL"), e CM-AgPs5 também apresentou
boa atividade sobre C. albicans (CIM 125 pg mL"). A
avaliacdo da cinética de morte revelou que CMAgPs5
apresentou efeitos bactericidas e fungistaticos.
Apesar da reconhecida atividade do CE, nao foi
observado seu efeito potencializador da atividade
antimicrobiana, mas provou ser um potencial agente
redutor para a sintese verde. No teste de toxicidade
contra Artemia salina, nenhuma das NPs (CMAgPs) se
mostrou toxica.
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