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ABSTRACT 
Sulfated polysaccharides (SP) with high antioxidant 
capacity can be synthesized by seaweed. In addition, silver 
nanoparticles containing PS may have this activity 
superior to SP alone. Dictyota mertensii SP, in several tests 
carried out, did not present themselves as good 
antioxidants. Therefore, in the present paper, silver 
nanoparticles were synthesized with SP from the seaweed 
D. mertensii and their morphological characteristics and 
antioxidant capacity were analyzed. Thus, D. mertensii 
was collected on the beach of Maracajau (RN - Brazil), 
washed and submitted to proteolysis for 18 h. After 
centrifugation, the supernatant was subjected to 
precipitation with 2 volumes of methanol and the material 
obtained was centrifuged, dried, and called PM. Silver 

nanoparticles were synthesized using PM as a reducing 
agent, and called NM. NM formation was monitored by 
UV-visible spectroscopy. The morphological 
characteristics of PM and NM were analyzed by dynamic 
light scattering, scanning electron microscopy and atomic 
force microscopy. The antioxidant activities of PM and NM 
were evaluated by six different in vitro tests. The yield of 
obtaining PM was 7.26% ± 2.93, while the yield of 
obtaining NM was 49.0% ± 3.0. NMs had a rounded shape, 
size of 104.38 ± 2.17, Zeta potential of -19.15 and stability 
for 14 months. NM showed greater antioxidant activity 
than PM in all tests, except for CAT. These data indicate 
that NMs have a biotechnological potential as an 
antioxidant agent.
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ATIVIDADE ANTIOXIDANTE DE NANOPARTÍCULAS DE PRATA SINTETIZADAS COM 
POLISSACARÍDEOS SULFATADOS DA ALGA DICTYOTA MERTENSII. 

RESUMO 
Algas marinhas comumente apresentam polissacarídeos 
sulfatados (PS) com alta capacidade antioxidante. 
Inclusive, estes na forma de nanopartículas de prata 
podem ter esta atividade potencializada. Todavia, os PS da 
alga Dictyota mertensii, em diversos testes realizados, não 
se apresentaram como bons antioxidantes. Portanto, no 
presente trabalho foram sintetizadas nanopartículas de 
prata com PS da alga D. mertensii e analisado suas 
características morfológicas e sua capacidade 
antioxidante. Para tal, a alga D. mertensii foi coletada na 
praia de Maracajau (RN - Brasil), lavada e submedida a 
proteólise por 18 h. Após centrifugação, o sobrenadante 
foi submetido à precipitação com 2 volumes de metanol e 
o material obtido foi centrifugado, seco e denominado 
PM. Nanopartículas de prata foram sintetizadas usando 

PM como agente redutor, e denominadas NM. A 
formação das NM foi acompanhada por espectroscopia de 
UV-visível. As características morfológicas de PM e NM 
foram analisadas por dispersão de luz dinâmica, 
microscopia eletrônica de varredura e microscopia de 
força atômica. As atividades antioxidantes de PM e NM 
foram avaliadas por seis diferentes testes in vitro. O 
rendimento de obtenção de PM foi de 7,26% ± 2,93, já o 
rendimento de obtenção de NM foi de 49,0% ± 3,0.  As NM 
apresentaram formato arredondado, tamanho de 104,38 
± 2,17, Potencial Zeta de -19,15 e estabilidade por 14 
meses. As NM apresentaram maior atividade antioxidante 
que PM em todos os testes, exceto no CAT. Estes dados 
indicam que as NM possuem um potencial biotecnológico 
como agente antioxidante.
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1. INTRODUTION 

Silver nanoparticles have become the focus of compounds manipulation in order to improve 
their properties, as well as expand and enhance their applications in several areas such as cosmetics 
(Alba-Molina et al., 2019), biomedical (Prasath et al., 2019), materials (Aghihotri et al., 2020) and 
food (By et al., 2020). 

The synthesis of silver nanoparticles can occur by several methods (Slepička et al. 2020). 
However, many of these methods use substances that may be toxic to living organisms, including 
humans, in addition, in some of these methods, there are complex procedures that hinder their use 
(Asharani et al., 2009; Sharma, Madhunapantula, & Robertson, 2012). Therefore, there is a search 
for alternative methods that are simpler and that use fewer toxic substances.  

Polysaccharides are known as molecules of extremely low toxicity, and in 2012, Elsabahy and 
Wooley (2012) showed that nanoparticles made of polysaccharides have a feature of aggregating 
less and therefore being more biocompatible. In addition, it has been demonstrated that it is 
possible to make nanoparticles with polysaccharide-rich extracts, such as seaweed extracts, using a 
method that has little impact on the environment, also known as a green method or an ecofriendly 
method. Another important fact is that these nanoparticles also showed low toxicity (Rodriguez-
Garraus et al., 2020). 

Seaweeds are organisms of high nutritional value (Leandro et al., 2020) and in many Asian 
countries they are consumed as food (Nisizawa et al., 1987). One of the most abundant nutrients 
found in seweed is polysaccharides. These molecules have many applications in various industries 
such as hydrocolloids (Hentati et al., 2020), drugs (Mayer et al., 2013) and biotechnology 
(Vasconcelos, Araújo, & Santana, 2015; Farias & Araújo, 2014). Each taxon synthesizes specific 
polysaccharides. In the case of brown seaweed (Phaeophyta), fucans/fucoidans are mentioned, they 
are sulfated polysaccharides (SP) that contain residues of L-fucose, and some residues can be 
sulfated in one or more positions (Rocha et al., 2005). In addition, each species of seaweed 
synthesizes at least one exclusive type of sulfated polysaccharide, which can have different 
applications than the others (Rocha et al., 2005). 

Sulfated polysaccharide-rich extracts are already used as a food additive and they have 
several pharmacological activities (Fiton et al., 2019). For example, Costa et al. (2010) showed SP-
rich extract obtained from the seaweed Dictyota mertensii had antioxidant activity in different tests. 
However, in this paper, the activities of these extracts were considered moderate. One way to 
enhance the activity of these extracts would be to use them as raw material for the synthesis of 
silver nanoparticles.   

Thus, in this study, silver nanoparticles were synthesized with SP-rich extract from the brown 
seaweed D. mertensii (Martius) Kützing using an ecofriendly method. These nanoparticles were 
morphologically characterized and evaluated as antioxidant agent. 

 

2. METHODOLOGY. 
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2.1. Materials 

Potassium ferricianyde, ferrous sulfate II, trichloroacetic acid, and sulfuric acid were 
purchased from Merck (Darmstadt, Germany). Nitro Blue Tetrazolium (NBT), monosaccharides, 
diaminoethanetetraacetic acid (EDTA), ascorbic acid, methionine, 3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT),  pyrocatechol violet, riboflavin, and ammonium molybdate 
were purchased from Sigma-Aldrich Co. (St. Louis, MA, USA). Sodium bicarbonate, non-essential 
amino acids, and phosphate buffered saline (PBS) were purchased from Invitrogen Corporation 
(Burlington, ON, Canada). 

The mature seaweeds (15–30 cm long) were collected at Maracajau Beach (Rio Grande do 
Norte, Brazil—5°40ʹ16ʺ S/35°31ʹ8.8ʺ W). They were cleaned to eliminate residues, encrusted 
organisms, and epiphytes and taken to the laboratory (Laboratório de Biotecnologia de Polímeros 
Naturais, Departamento de Bioquímica, Universidade Federal do Rio Grande do Norte, RN). The 
seaweed was then identified based on its morphology. The seeweeds were washed, dehydrated, 
crushed, and stored protected from light and heat until the moment of use. The material collection 
occurred under the authorization of the Brazilian National System of Management of Genetic 
Heritage and Associated Traditional Knowledge SISGEN n° A72AD2B. 

2.2. Methods 

2.2.1. Extraction of polysaccharides  

The dry seaweed was then powdered and treated with 2 volumes of ethanol (99.5%, Sigma-
Aldrich Co., St. Louis, MA, USA) overnight 5 times to reduce the amount of pigments in the sample, 
as previously described (Dietrich et al., 1995). The supernatant was eliminated, and the power was 
dried at 50 °C under ventilation. The dilapidated dried material was then packed in polyethylene 
bags and stored at room temperature in the dark. 

Approximately 5 g of dilapidated and powdered alga was suspended with four volumes of 
0.25 M NaCl and the pH was adjusted to 8.0 with NaOH. Next, 75 mg of Prolav 750 alkaline protease 
mixture (Prozyn Biosolutions, São Paulo, SP, Brazil) was added for proteolytic digestion and the 
solution was incubated for 24 h at 60 °C under agitation and periodical pH adjustments. The mixture 
was then filtered through a cheesecloth and the obtained soluble sulfated polysaccharides were 
precipitated with two volumes of ice-cold methanol. After 24 h, the polysaccharides were collected 
using centrifugation (10,000 × g, 20 min), vacuum dried, suspended in distilled water, and analyzed. 
These sulfated polysaccharides from D. mertensii were then called PM. For the evaluation of the 
yield of obtaining the sulfated polysaccharides, 100% was established for the mass of dehydrated 
seaweed. 

2.2.2. Nanoparticle Synthesis  

Nanoparticle were synthesized according to a method previously described (Dipankar & 
Murugan, 2012). Briefly, solutions of PM (10 mg/mL) were added to a silver nitrate solution (1 mM 
in ultrapure water) at a proportion of 1:9 and left to rest. to determine the day on which the largest 
number of nanoparticles could be obtained, the absorbance of the nanoparticle suspension was 
monitored from 350 to 600 nm for 15 days. Then, the material obtained on day 7 (when there was 
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no more increase in absorption) was centrifuged twice (11500 × g, 20 min, 4 °C), suspended in 
ultrapure water and lyophilized. The precipitate obtained was of SP-coated silver nanoparticles 
(NM). To determine the yield of NM synthesis, the amount of SP-rich extract used in this synthesis 
was established as 100%. 

2.2.3. Nanoparticle Characterization  

The dynamic light scattering (DLS) measurement and the zeta potentials of the samples were 
performed at 25 °C on a Zeta Potential Analyzer (Brookhaven, New York, NY, USA). Briefly, NM 
suspensions (0.5 mg/mL in ultrapure water, pH 7.1) were analyzed in three independent 
experiments (n = 10), and the reported values correspond to mean ± SD. 

The NM stability was evaluated by DLS. Briefly, a NM suspension (0.5 mg/mL) was prepared 
and stored in the dark at 4 °C for 14 months. Measurements were made every thirty days as 
described earlier. In addition, we also observed color change, visual aggregation, and precipitate 
formation. 

Atomic force microscopy (AFM) was performed by a Scanning Probe Microscope (SPM) 9700 
(Shimadzu, Kyoto, Japan), at the Scanning Electron Microscopy Laboratory (LABMEV), in the 
Department of Engineering Materials (DEMat), of Universidade Federal do Rio Grande do Norte 
(UFRN). Briefly, a drop of nanoparticle solution was placed on a cover slip, this material was dried 
under reduced pressure and the cover slip was placed on the microscope. At least 3 images were 
taken in different fields. All images were evaluated for the shape of the samples. 

NM was processed and analyzed by SEM (Transmission electron microscopes Penta FET® 
Precision – OXFORD Instruments) at Centro de Tecnologia do Gás e Energias (CTGás), Natal, RN, 
Brazil. Briefly, 20 μL of NM suspension (0.5 mg/mL) was loaded onto a carbon-coated copper grid 
without gold coating and air-dried for 10 min under vacuum. The grid chamber was then placed in 
the SEM room and incubated in the dark at 10–20 °C for 2 h. One representative image of three 
independent experiments is shown. 

2.2.4. Evaluation of antioxidant activity 

Total Antioxidant Capacity (TAC) - This assay is based on the reduction of Mo (VI) to Mo (V) 
by samples and subsequent formation of a green phosphate/Mo (V) complex at an acidic pH. Tubes 
containing samples and the reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 
mM ammonium molybdate) were incubated at 95 °C for 90 min. After the incubation, the mixture 
was cooled to room temperature and the absorbance of each solution was measured at 695 nm 
against a blank (Costa et al., 2010). The total antioxidant capacity was expressed as vitamin C-
equivalent. 

2,2-difenil-1-picrilhidrazil (DPPH) scavenging assay. In the test, the sample's ability to donate 
electrons to the radical DPPH is verified (ALVES et al., 2010), with the reduction of DPPH, this reagent 
acquires yellow color and intensity its color can be measured by spectrophotometer at 517 nm. The 
greater the ability to donate electrons from the sample, the lower the staining intensity. The test 
was carried out at room temperature and protected from light. 
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Superoxide radical scavenging assay. This assay was based on the capacity of sample to 
inhibit the photochemical reduction of nitro blue tetrazolium (NBT) in the riboflavin-light-NBT 
system. Each 3 mL of reaction mixture contained 50 mM phosphate buffer (pH 7.8), 13 mM 
methionine, 2 mM riboflavin, 100 mM EDTA, NBT (75 mM), and 1 mL sample solution. After the 
production of blue formazan, the absorbance increase was determined at 560 nm after 10 min 
illumination from a fluorescent lamp. The entire reaction assembly was enclosed in a box lined with 
aluminum foil. Identical tubes with the reaction mixture were kept in the dark and served as blanks. 
Gallic acid was used as a positive control.  

Hydroxyl radical scavenging assay. The scavenging activity of sample against the hydroxyl 
radical was investigated using the Fenton’s reaction (Fe2+ + H2O2 → Fe3+ + OH− + OH). These results 
were expressed as an inhibition rate. Hydroxyl radicals were generated using 3 mL sodium 
phosphate buffer (150 mM, pH 7.4), which contained 10 mM FeSO4·7H2O, 10 mM EDTA, 2 mM 
sodium salicylate, 30% H2O2 (200 mL), and varying sample concentrations. In the control, sodium 
phosphate buffer replaced H2O2. The solutions were incubated at 37 °C for 1 h, and the presence of 
the hydroxyl radical was detected by monitoring absorbance at 510 nm. Gallic acid was used as a 
positive control. 

The ferrous-ion-chelating ability of the samples was investigated using the following 
methodology: Samples at different concentrations were introduced to the reaction mixture, which 
contained FeCl2 (0.05 mL, 2 mM) and ferrozine (0.2 mL, 5 mM). The mixture was shaken and 
incubated for 10 min at room temperature and the absorbance of the mixture was measured at 562 
nm against a blank. EDTA was used as a positive control. 

To determine the ability of sample to chelate copper ions we used a previously described 
method (Megías et al., 2009). Pyrocatechol violet associates with cations, including aluminum, 
copper, bismuth, and thorium. In the presence of chelating agents, this association is not formed, 
resulting in a less intense color change. Different concentrations of the samples (0.1–2.0 mg/mL), 
pyrocatechol violet (4 mM), and copper II sulfate pentahydrate (50 µg/mL) were mixed in a 96-well 
plate and the absorbance was measured at 632 nm. EDTA was used as a positive control. 

2.2.5. Statistical Analysis  

All data are expressed as average ± standard deviation. Statistical analysis was performed 
using one-way ANOVA. Student-Newman-Keuls post-tests were carried out for multiple group 
comparisons. In all cases, p < 0.05 was considered statistically significant. Statistical analysis was 
performed using GraphPad Prism 5.01 (GraphPad Software Inc., La Jolla, CA, USA). 

 

3. RESULTS AND DISCUSSION 

3.1. Yield and analysis by UV-visible spectroscopy  

The yield of obtaining PM was 7.26% ± 2.93. This value was higher than that obtained with 
the red seaweed Gracilaria birdiae, which in this case was 3.93% (Medeiros, 2015). On the other 
hand, it was smaller than that observed with the brown seaweeds Spatoglossum schröederi and 
Dictyopteris justii, which were 18.66 and 36.83%, respectively (Negreiros, 2015). This type of 
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variation has already been observed by other authors and some factors are mentioned that cause 
this fact, among them the extraction method, seasonality, environmental factors, and species of the 
seaweed (Grosso et al., 2015). 

The yield of obtaining NM was 49.0 ± 3.0. This was much higher than that observed by 
Medeiros (2015), who in the case, working with a SP-rich extract from the seaweed G. birdiae, 
obtained a yield in the synthesis of silver nanoparticles of only 4.25%. On the other hand, Negreiros 
(2015) obtained a yield of 75.5% when he made silver nanoparticles with SP extract from the 
seaweed Sargassum filipendula. We have not identified any other paper in which nanoparticles 
were synthesized with SP-rich extracts from seaweed and the yield of this synthesis has been 
demonstrated. According to Rodríguez-León et al. (2013) the quantity of silver nanoparticles 
obtained can be explained by the reducing power of each extract, the greater the reducing power 
of the extract, the greater the amount of nanoparticles obtained. Therefore, the yield of 
nanoparticles mentioned here varied from each seaweed due to the properties of the reducing 
agent (in this case, the sulfated polysaccharide of seaweed) present in the extracts. 

The nanoparticle synthesis process was followed with the use of a spectrophotometer in the 
region from 350 to 600 nm. The formation of NM with PM was accompanied by spectroscopy, 
because according to Gurunathan et al. (2013) the incidence of light in the reduced silver promotes 
their excitation, which forms a layer called the plasmon surface. This layer promotes the deviation 
of light, and therefore, this deviation can be detected (from 250 to 600 nm). An increase in the 
values of optical density (OD) at 403 nm region is pointed out by Islam & Mukherjee (2011) as an 
indicator of the increase in the amount of nanoparticles in suspension. Therefore, this wavelength 
range was used to verify the time required for the synthesis of nanoparticles with sulfated 
polysaccharide from seaweed. The region shorter than 350 nm is characteristic of free silver in 
solution. 

Figure 1A shows the NM light absorption profile. Figure 1B shows an increase in the 
absorbance value over the days, especially in the region that corresponds to the 403 nm length. In 
that region, the OD values recorded on the first day corresponded to 0.750 and increased to a value 
of 2,000 and 2,200 on the sixth and seventh days, respectively. Thereafter, the values remained 
constant until the fifteenth day, the last day of analysis of the NM light absorption profile. 

It is worth noting that the increase observed in the absorption of light over time (Figure 1B) 
was similar to that reported during the synthesis of other silver nanoparticles, such as those 
synthesized under agitation with the use of the natural polysaccharide from the gum from the plant 
Cyamopsis tetragonaloba (Pandey, Goswami, & Nanda, 2012), fungi exopolysaccharides (Chen, Yan, 
& Wu, 2015) and sulfated polysaccharides extracted from seaweed (El-Rafie, El-Rafie, & Zahran, 
2013). Another evidence of the formation of nanoparticles was found by changing the color of the 
suspension from light yellow to dark brown (data not shown). 
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Figure 1: Light absorption profile of D. mertensii nanoparticles (A) Light absorption profile, scanning from 350 to 600 
nm, of D. mertensii nanoparticles. (B) Light absorption profile, in the 403 nm region, of D. mertensii nanoparticles. 

Measured on days: Zero, two, five, six, seven and eight (from their synthesis). In the upper right corner, the increase 
in absorption over time. 

3.2. Structural characterization of nanoparticles 

3.2.1. Scanning electron microscopy 

Scanning electron microscopy (SEM) and atomic force microscopy images are shown in figure 
2. In both techniques, the nanoparticles are observed with a spherical shape. This geometry is 
already known for several silver nanoparticles (Okafor et al., 2013; Gurunathan et al., 2013). Silver 
nanoparticles can be amorphous or take on different geometric shapes (Mikhailov et al., 2019). 
Regarding nanoparticles made with SP from seaweed, for the best that we know, the only geometric 
shape identified so far was the spherical shape. This leads to the proposal that silver nanoparticles 
containing polysaccharides assume exclusively a spherical shape. 

The fact that nanoparticles with polysaccharides always assume a spherical shape is a 
positive point, since nanoparticles rounded in are less cytotoxic compared to other shapes, such as, 
for example, triangular (Pal, Tak, & Song, 2007, Rodriguez-Garraus et al., 2020). Thus, it is expected 
that the NM in this study is also low toxic. 
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Figura 2: Scanning electron microscopy (A) and atomic force microscopy (B) of nanoparticles synthesized with 

sulfated polysaccharides from D. mertensii. The arrow indicates the nanoparticle. of the nanoparticle.. 

3.2.2. Size, stability, and zeta potential 

Using dynamic light scattering (DLS) analyzes, NM was characterized by medium size and 
organized into populations. In addition, PM had its size measured in order to compare it with NM. 
The PM size was 1009.91 ± 55.5 and the NM size was 104.38 ± 2.17. It is possible to identify that 
there was a reduction in the size of the polysaccharides by about 10 times when in the form of 
nanoparticles. It should be noted that papers that cite the size of algal polysaccharides did not use 
DLS, therefore, this is the first one to present this method to obtain this data. 

Comparing the NM size with other nanoparticles containing polysaccharides, it was found 
that the size of NM was like that of silver nanoparticles (120 nm) synthesized by Chen, Yan and Wu 
(2015). Coradeghini et al. (2013) and Rodriguez-Garraus et al. (2020) report that exceedingly small 
nanoparticles (> 20 nm) can present great cytotoxicity compared to larger nanoparticles. On the 
other hand, large nanoparticles are not easily absorbed by tissues, making it difficult to act on their 
respective target (Elsabahy & Wooley, 2012). Thus, according to these authors, nanoparticles with 
sizes 20-200 nm are particularly suitable for possible in vivo applications, and for some cases, as 
application of drugs to the liver, nanoparticles with sizes up to 500 nm can also be used. As NM are 
close to this size range, it is expected that they are also suitable for in vivo applications. 

Still regarding the identification of NM sizes, it was also found that NM had three populations 
of varying sizes, however most of the nanoparticles (87.8%) were grouped into a predominant 
population. The different sizes of nanoparticles can be explained, as the extracts have different 
polysaccharides that vary in size, load, and biological activities, as shown by a study of Costa et al. 
(2010). The interactions between charges are the main factor for the structure of the nanoparticles, 
thus, differences in the composition and quantity or position of the charges, in the same extract, 
can result in variations in the size of the nanoparticles. Therefore, in the same extract there can be 
variations in polysaccharides that result in variations in the size of the nanoparticles. However, the 
predominance of one population shows a homogeneity in the nanoparticles obtained here. This fact 
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is not so common, as, for example, in the paper by El-Rafie, El-Rafie and Zahran (2013) there is a 
description of silver nanoparticles containing seaweed polysaccharides that were so different in size 
that it was possible to group them in at least five distinct populations. 

Thus, the fact that a greater amount of nanoparticles with similar sizes have been 
synthesized leads to the idea that there is a type of SP that predominates in PM. This is also a positive 
factor for the nanoparticles synthesized here, as it is believed that the biological activities attributed 
to NM would be dependent mainly on the nanoparticle synthesized from this polysaccharide that is 
found in greater quantity, which in short, would provide greater safety in use. of NM. 

The size of the nanoparticle was also periodically measured for a total period of fourteen 
months. The average size of NM did not change significantly, and it was found that NM remained 
stable during this period. Regarding the stability of other nanoparticles containing polysaccharides, 
stability of 25 days was found for silver nanoparticles with chitosan and sulfated L-fucose-rich 
polysaccharide (Huang & Li, 2014), two months for nanoparticles containing fungi 
exopolysaccharides (Chen, Yan, & Wu, 2015), three months for bimetallic gallic acid nanoparticles 
(Mittal, Kumar, & Banerjee, 2014), six months for silver nanoparticles with seaweed polysaccharides 
(El-Rafie, El-Rafie, & Zahran, 2013), and twelve months for silver nanoparticles containing xylan 
(Viana et al., 2020). As we did not find any article that showed silver nanoparticles with stable 
polysaccharides for more than twelve months, we believe that NM's stabilities are the most 
extensive ever described. 

In nanoparticles, two regions are distinguished, the inner and outer regions, and the 
interaction of the nanoparticles with the environment occurs from the outer layer, which gives these 
particles different properties, including charge. The Zeta Potential is a numerical representation that 
points to the total charge unit (electronic potential) of the particle surface.  

The zeta potential of PM and NM were -19.18 and -19.15, respectively. There was no 
statistically significant change between these samples. The negative charge conferred to NM also 
occurs for nanoparticles with sulfated polysaccharides synthesized in other papers. Venkatpurwar 
and Pokharkar (2011) synthesized silver nanoparticles with algal polysaccharides with a negative 
zeta potential of - 35.05 mV. These authors indicate that SP are responsible for this load. Chauvierre 
and collaborators (2003) also obtained nanoparticles of sulfated polysaccharides with negative 
surface charge (around - 45 mV), these authors still report that nanoparticles with dextran (neutral 
polysaccharide) had less negative charge (around -15 mV) compared silver nanoparticles made with 
heparin and sulfated dextrans. Thus, it is speculated, as occurred for Chauvierre and collaborators 
(2003), that the negative charge of NM is probably related to the presence and exposure of sulfate 
groups of PM.  

Another fact about the negative charge of NM is that it may have been an important factor 
for good stability for fourteen months. This is because, in the aqueous system, negative or positive 
charges conferred to the nanoparticles contribute to the repulsion between them, preventing their 
aggregation and consequently preventing their instability (Ostolska & Wisniewska, 2014). 

3.3. Evaluation of antioxidant activity 
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3.3.1. Total antioxidant capacity and DPPH radical scavenging 

Several researches investigate biological activities of sulfated polysaccharides, one of these 
activities is the antioxidant capacity. Antioxidants can act against reactive oxygen species by several 
mechanisms, in the three main stages that include electron donation; ion chelation; and 
sequestration of free radicals (Melo, 2013). To verify the effect of NM in these different stages and 
compare them with PM, different tests for antioxidant activity were performed. 

The activities of the Total Antioxidant Capacity (CAT) tests and the 2,2-diphenyl-1-
picrilhhydryl (DPPH) radical scavenging test are summarized in Table 1. There was no statistically 
significant difference between PM and NM in the CAT test, thus, the formation of NM maintained 
the activity found for PM. Zhang et al. (2010) suggest that CAT may be related to the presence and 
availability of electrons in the hydroxyl groups of the sugar residues. Therefore, it is believed that 
the conformations assumed by the PMs in the nanoparticles allow the availability of hydroxyls so 
that they exercise this antioxidant activity and therefore, the CAT of the NMs was similar to that of 
PM. 

In the DPPH tests, there were statistically significant differences between NM and PM. 
Therefore, the formation of nanoparticles increased the efficiency of polysaccharides as scavenging 
agents for reactive species, since a smaller amount of NM, consequently SP, was necessary to obtain 
the same radical scavenging value verified with PM.  

This activity potentiating effect was also observed when nanoparticles were made of 
chitosan-fucoidan by Huang & Li (2014), these nanoparticles showed higher scavenging activity than 
free polysaccharides. However, the authors do not explain the reason for this enhancement. With 
the data presented here, we believed that the potentializing occurred due to the type of 
conformation that the polysaccharides assumed when associating silver during the formation of the 
nanoparticle, this conformation would be more efficient in scavenging radicals than that assumed 
by the polysaccharides when they are free in aqueous solution. It is hoped that in the future, with 
the acquisition of new data, it will be possible to confirm or not this hypothesis. 

Tabel 1: Total antioxidant capacity (CAT) at a concentration of 1.0 mg/mL expressed in 
ascorbic acid equivalent (mg/g) and e DPPH scavenging capacity (DPPH) at a concentration of 
0.25 mg / mL. * indicates significant difference between PM and NM. (P <0.05). 

 CAT DPPH 

PM 41 ± 1,8 73,2 ± 

NM 41,2 ± 3,7 95,1 ± * 

 

3.3.2. Hydroxyl and superoxide Radical Scavenging Activity  

Using the superoxide radical scavenging test, the samples' ability to scavenging this radical 
was verified. The superoxide radical scavenging activity of PM was close to 40% at a concentration 
of 50 µg/mL, reaching about 70% at a concentration of 500 µg/mL (Figure 3). Comparing PM with 
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NM it is observed that in all concentrations, the activity of NM was statistically higher than the 
activity of PM, thus indicating that the formation of nanoparticles potentiated the activity of 
polysaccharides. 

 
Figure 3. Superoxide radical scavenging capacity of the samples in concentrations of 0.05; 0.25 and 0.5 mg/mL. 

Different letters represent a significant difference between PM or NM in different concentrations; different 
numbers represent significant difference between PM and NM of the same concentration (P <0.05). 

Using the hydroxyl radical scavenging assay, the ability of the samples to scavenger this 
radical was analyzed. 

In Figure 4, low activity is observed for all samples, with a maximum of 6.08% for NM in a 
concentration of 2 mg/mL. The hydroxyl radical scavenging activity did not increase with increasing 
PM concentration, but increased with increasing NM concentration. It is also possible to notice that 
there are higher values of activity in NM when compared to the respective PM, again indicating an 
increase in activity with the formation of nanoparticles. 

As discussed above, this effect of potentiating radical scavenging was observed by Huang 
and Li (2014), and it is believed that the potentiation of the activities evaluated occurred due to the 
type of conformation that the polysaccharides assumed when associating with silver during the 
formation of the nanoparticle making it more efficient at scavenging radicals. 
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Figure 4: Hydroxyl radical scavenging capacity of the samples in concentrations of 0.05; 0.25 and 0.5 mg/mL. 
Different letters represent a significant difference between PM or NM in different concentrations; different 

numbers represent significant difference between PM and NM of the same concentration (P <0.05). 

3.3.3. Ferric and cupric chelating capacity 

Another strategy to prevent the harmful effect of hydroxyl radicals is through the chelating 
action of metals (Zou et al., 2008). This is because, according to Ueda et al. (1996), metal ions 
participate in the process of generating these radicals. Iron and copper ions occur in large quantities 
in organisms and the neutralization of their effects is of great relevance for the normal functioning 
of cells (Drouin et al., 1996), therefore, the ability of samples to chelate these ions was evaluated. 
(Figures 5 and 6).  

The ferric chelating ability test measures the ability of the sample to compete with ferrozine 
for iron. Using this assay, the ability of the samples to chelate this ion was verified. In Figure 5, it is 
observed that the values of percentage of iron chelation of PM and NM. It shows that the PM 
activities are lower for the concentration of 0.1 mg/mL (22.3%) and higher for the concentrations 
of 2.0 mg/mL (75.5%). 

Relating the PM and NM it is observed in the highest concentration tested there is a 
significant difference in the concentrations of 1.0 and 2.0 mg/mL, therefore, the formation of NM 
also potentiated the metal chelating activity of PM. 
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Figure 5: Ferric chelating capacity of samples in concentrations of 0.1; 1.0; and 2.0 mg / ml. Different letters 

represent a significant difference between PM or NM in different concentrations; different numbers represent 
significant difference between PM and NM of the same concentration (P <0.05). 

Using the cupric chelation test, the capacity of the samples to chelate this ion was 
determined (Figure 6). At the concentration of 0.5 mg/mL PM obtained 67% activity, while NM 
obtained 114% activity at the same concentration. This fact indicates that the activity of the 
nanoparticle was superior to that of the polysaccharide and the formation of NM also potentiated 
the cupric chelating activity of PM. 

Knowing that the antioxidant effect can be enhanced when nanoparticles are formed, we 
sought to better understand which structural modifications would be responsible for this increase 
in NM activity. The main evidence of structural modification presented here in this work is the 
probable binding of silver to sulfate groups present in polysaccharides. Sulfate groups can be 
separated into two groups: those that are important for radical scavenging activity (SI), and those 
that are not (SN). These two types of sulfate groups occur because according to Wang and 
collaborators (2013) the amount of sulfate groups is not proportional to the radical scavenging 
activity.  

It is worth noting that an SI sulfate group can be an SN sulfate group, and vice versa, 
depending on the conformation that the polymer assumes. Therefore, it is believed that the bonding 
of sulfate groups with silver led to a structural modification, which ended up exposing more SI 
groups, which therefore increased the sequestering activity of the nanoparticles. The same line of 
thought can be used for the phenomenon observed in chelation tests, that is, greater activity of 
nanoparticles. 
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Figure 6: Cupric chelating capacity of samples in concentrations of 0.01; 0.1; and 0.5 mg/mL. Different letters 
represent a significant difference between PM or NM in different concentrations; different numbers represent 

significant difference between PM and NM of the same concentration (P <0.05). 

Another important feature of NM is that they have a high stability, and this can be important 
so that their antioxidant activity lasts for a long time. Since Kong and collaborators (2014) point out 
that the less stable nanoparticles are more easily added, and therefore, they reduce the area of 
possible interaction with free radicals, thus reducing their antioxidant activity.  

4. CONCLUSION 

it was possible to synthesize silver nanoparticles with SP from D. mertensii using a method 
with little environmental impact (ecofriendly method). These nanoparticles were stable for long 
periods of time, have a spherical shape and small size. The rearrangement of the polysaccharides in 
the form of nanoparticles potentiated their antioxidant effect in the DPPH, superoxide ions, and 
hydroxyl radical scavenging assays, as well as ferric and cupric chelating tests. Therefore, the 
synthesis of nanoparticles with SP from D. mertensii constitutes a potentializing mechanism for their 
diverse biological activities. 
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