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RESUMO 

Nanopartículas de prata (AgNPs) são materiais promissores em diversas áreas 

da ciência e tecnologia. Métodos tradicionais de síntese geram resíduos tóxicos 

e indesejáveis. A síntese verde de AgNPs a partir de açúcares redutores surge 

como uma opção viável de obtenção deste material. Neste trabalho foram 

utilizados os açúcares arabinose, glicose, ribose e xilose para obtenção de 

AgNPs, além dos sais de sódio citrato e dodecil sulfato como agentes 

estabilizantes. A caracterização destes materiais foi realizada por meio das 

técnicas de espectroscopia de absorção na região do UV-Vis – identificando a 

banda plasmônica – difração de raios X, espalhamento dinâmico de luz, potencial 

zeta, microscopia eletrônica de varredura, microscopia de força atômica e 

espectroscopia de absorção na região do infravermelho. As soluções 

apresentaram boa estabilidade (potencial zeta médio de -46,4mV), partículas 

com tamanhos que variaram de ±10nm a ±100nm e diferentes morfologias de 

grãos. A partir das AgNPs sintetizadas, materiais – filmes de ágar e gel de 

carbômero – foram obtidos para serem caracterizados e aplicados. A aplicação 

das soluções de AgNPs e destes materiais obtidos foi majoritariamente na 

verificação de atividade microbiológica contra fungos de diferentes espécies de 

Candida spp e Aspergillus spp, além das bactérias patogênicas Escherichia coli, 

Staphylococcus aurus e Pseudomonas aeruginosa. Buscou-se ainda investigar 

os efeitos de associação entre as AgNPs e o Itraconazol, um medicamento 

disponível para tratamento de infecções fúngicas. Todas as nanopartículas que 

foram aplicadas tiveram atividade antibiótica eficaz contra os microrganismos, 

bem como os materiais desenvolvidos também apresentaram resultados 

satisfatórios. As AgNPs apresentaram ainda resultados que apontam para a 

potencialização do antifúngico Itraconazol, quando utilizado combinado com as 

nanopartículas. A relação custo x benefício da síntese de AgNPs, suas 

características e suas aplicações tornam o material desenvolvido nesta pesquisa 

um potencial coadjuvante no combate aos microrganismos multirresistentes. 

Palavras-chave: nanopartículas de prata; síntese verde; açúcares redutores. 

  



 
 

ABSTRACT 

Silver nanoparticles (AgNPs) are promising materials in many areas of Science 

and technology. Traditional methods of synthesis generate undesirable and toxic 

residues. The green synthesis of AgNPs starting from reducing sugars emerges 

as a viable option of obtaining this material. At this present work, there were used 

the sugars arabinose, glucose, ribose and xylose to obtain AgNPs, as well as 

sodium citrate and sodium dodecyl sulfate as capping agents. The 

characterization of these materials were done trough the UV-Vis absorption – 

identifying the plasmon band – X-ray diffraction, dynamic light scattering, zeta 

potential, scanning electron microscopy, atomic force microscopy and infrared 

spectroscopy techniques. The solutions showed a good stability (mean zeta 

potential -46.4mV), particles size ranging from ±10nm to ±100nm and different 

grains morphology. Starting from synthesized  AgNPs, materials – agar films and 

carbomer gel – were obtained to be characterized and applied. The application 

of AgNPs solutions and derivate materials was predominantly at verifying of 

microbiological activity against fungi of different species of Candida spp and 

Aspergillus spp, as well as pathogenic bacteria such Escherichia coli, 

Staphylococcus aureus and Pseudomonas aeruginosa. It was also investigated 

the effects of association between AgNPs and Itraconazole, a medicine to be 

used against fungal infections. All the nanoparticles applied showed antibiotic 

activity against the microorganisms, as well as the developed materials. The 

AgNPs showed also results that aim to the potentiation of Itraconazole, when 

combined with nanoparticles. The relation cost x benefits of the synthesis of 

AgNPs, its characteristics and applications turn the developed material on this 

research a potential adjunctive in the battle against multi-resistant 

microorganisms. 

Keywords: silver nanoparticles; green synthesis; reducing sugars. 
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CHAPTER 1 – NANOTECHNOLOGY, SILVERNANOPARTICLES AND GREEN 

SYNTHESIS: AN OVERVIEW 

1 INTRODUCTION 

1.1 Nanoscience and nanotechnology 

Richard Feynman, who is considered the father of nanoscience, made 

the following question into a lecture at Annual Meeting of American Physical 

Society (1959): - “Why can't we write the entire 24 volumes of the Encyclopedia 

Britannica on the head of a pin?” [1]. It is true: it is not possible yet. However, a 

lot of progress in nanoscience had been obtained, on a way that this science 

reveals a vast area of researches and applications to be done. Once it is possible 

to control the characteristics of nanosized particles, the properties of these 

materials and their functions in different devices may be considerably improved. 

The term Nanotechnology was first pronounced by the Japanese professor and 

researcher Norio Taniguchi, in 1974, to describe the technological and scientific 

progress of these reduced materials [2].  

Nanometer (nm = 10-9m) may be realized as the billion part of the meter. 

A material is considered nanosized when its dimensions area among 0.1 and 100 

nm. Figure 1.1 shows a comparison of different materials that exist in various 

scales. 

Figure 1.1 – Different scales of materials and organisms. 

 

Source: adapted from Castro [3]  
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To verify the state of the art, a research on the scientific database 

ScienceDirect (http://www.sciencedirect.com) reveals the arising of researches 

envolving the term “nano”, in a projection of the earlier 2000’s to 2015, shown at 

Figure 1.2  

 

Figure 1.2 – Evolution of “nanoresearch” along 15 years, till 2015. 

 

Source: author 

 

The data shown help us to understand, in a certain way, the importance 

of nanotechnology along the last years. The performed search reveals that, back 

at 2000, there were 2,546 published works about the subject. Five years later, 

this number arises to 10,143 and at the end of 2015, there were 33,055 works on 

the referred site! This represents a considerable arising of ten times over the 

beginning of researches.   

Then, after searching for the term nanotechnology, it were found 1,043 

Brazilian works – at Scopus database (http://www.scopus.com) – from a total of 

104,394 published papers. This discrete participation of Brazil represents 0.99%, 

against 32.16% (USA) and 12.98% (China). Despite having few publications, 

Brazil leads in the South America. The second country that publishes in a 
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considerable way is Argentina, with 238 works, which traduces a 0.22%. Brazil 

occupies the 20th position when the searched term is nanotechnology. Still on this 

database, when the terms nanoparticles and nanomedicine are searched, it is 

found 33,387 published works from the first and 8,371 from the last one, which 

Brazil contributes with 482 and 161 publications, respectively. 

These numbers show the running for the technological development on 

this area of science, and Brazil, despite occupies 20th position among all 

countries, is working to contribute continuously. Somehow, it is a reasonable 

overview, when we consider that only in 2004 our country began massive 

investments on this area [4]. Recently [5] Brazil had firmed a partnership with The 

US to the Nanotechnology, Energy and Materials Innovation Consortium. This 

partnership consolidates an investment made by Federal Government, trough 

Ministry of Science and Technology, of R$ 100 million to the three years 2012-

2015 [6].  

The research in nanotechnology produced considerable progresses on 

treatment of several diseases, which originated a new area: nanomedicine. 

Autoimmune diseases such as rheumatics, conjunctive tissue disorders, 

neurological, endocrine and dermatologic disorders are now subjects of 

researches in nanomedicine [7], such as cardiovascular diseases, [8], infections 

[9] and neoplastic ones, promoting also progress in veterinary medicine. 

Zhu and co-workers [10] cataloged several activities and applications of 

nanoparticles in microbiological infections, especially at diagnoses, treatment, 

medical devices and vaccines.  

There is a large variety of synthesis routes to obtain nanostructured 

materials, as well as several applications. Large had been the development of 

nanorobots [11], nanostructured devices that have a specific functionality. By 

using nanorobots techniques, the medicine professionals are equipped with a 

powerful tool that can make all the difference on treatment of diseases and 

disorders in living organisms. These nanorobots may have the action defined by 

target cells, organs or may be specifically directed to a region of organism trough 

markers [12-15]. This direction may happen also by mechanical ways, such as 

magnetic field, for example [16-20].  An area that reveals a great interest is 

healthiness. The employment of nanotechnology has gained prominence along 

the years, in a way that today there is a specific area: nanomedicine [8, 21-25]. 
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The size of nanoparticles or nanodevices applied in nanomedicine is decisive, 

once they act in cell scale, and many times entering in cells to perform effective 

activity. 

So, today it is understood that nanotechnology is a very promising area 

of Science, in a way that it expands possibilities to obtain new materials with 

different properties when nanoscaled [26]. It is very important that researches be 

performed and constantly encouraged, aiming the production of new materials 

that supply the demand of industry, academy, health and a lot of areas that may 

be beneficed. 

1.2 Silver nanoparticles 

Silver - atomic number 47 and molecular weight 107.86 g mol-1 - is a 

noble metal found in the earth's crust in the form of minerals such as argentita 

(Ag2S), chloride (AgCl) or metallic silver [27]. An efficient way to enhance and 

improve the biocompatibility of materials is to reduce its size. Nanomaterials once 

obtained can be modified to improve its efficiency and applicability in different 

areas such as bioscience, biomedicine and biomaterials.  

Among different possibilities of obtaining and using nanomaterials, there 

are silver nanoparticles. Like other nanostructured particles of other metals, their 

physico-chemical properties differ from silver metal [28].  

Figure 1.3 shows various silver nanoparticles solutions with different 

aspects of color. The solutions of different colors are derived from the different 

morphology of the nanoparticles, as well as their different distributions of particle 

size. 
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Figure 1.3 – Silver nanoparticles solutions: different sizes show different colors. 

 

Source: http://nanocomposix.com/collections/silver (access may 13th 2015) 

1.3 Green synthesis and reducing sugars 

With the advances in research for obtaining new materials and 

modernization of industrial processes, there is an increasing demand for raw 

matter to accompany this development. Furthermore, there is a constant concern 

for the type of material used in these processes, since it seeks to reduce the toxic 

and polluting them. In this way, a so-called Green Synthesis technique had been 

developed over the years to minimize such effects [29-33]. 

Green Synthesis involves processes that should be in accordance with 

the Twelve Principles of Green Chemistry [34]. They are the prevention, saving 

atoms, synthesis of less dangerous products, product design safe, safer solvents 

and auxiliary, search for energy efficiency, use of renewable raw material, 

avoiding the formation of derivatives, catalysis, drawing for degradation, real-time 

analysis for the prevention of intrinsically safe and chemical pollution to prevent 

accidents . In this way, some methods of green synthesis of silver nanoparticles 

are cited in the study by Sharma and colleagues [35], and are also highlighted: 

a) Method of polysaccharides: the silver nanoparticles are prepared 

through the use of polysaccharides as stabilizing agents and, in some 

http://nanocomposix.com/collections/silver
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cases, also as reducing agents. An example is the use of -D-glucose 

as reducing sugar and starch as a stabilizing agent, used 

simultaneously under slight heating [33]. The use of starch prevent 

the use of toxic organic solvents [36]. These produced nanoparticles 

can be easily integrated into biological and pharmaceutical use 

systems. 

b) Tollens method: the Tollens reaction basically is to reduce the silver 

from the diaminesilver complex - [Ag(NH3)2]+ - by an aldehyde. The 

reaction can be envisaged as: 

[Ag(NH3)2]+(aq) + RCHO(aq) → Ag(s) + RCOOH(aq) 

It is possible to considerably reduce the concentration in the modified 

procedure of the Tollens reaction and the silver ions are then reduced 

by the saccharide in the presence of ammonia, yielding silver 

nanoparticle films with sizes ranging from 50 to 200 nanometers. 

c) Irradiation method: a series of irradiation methods - laser, microwave, 

radiolysis, photolysis - can be used to reduce silver ions and to 

produce nanoparticles. It is common, for example, using laser in an 

aqueous solution containing silver salt and a surfactant. This 

technique can produce nanoparticles with well-defined shapes and 

uniform size distribution [37]. This technique does not need reducing 

agents. The replacement of the laser source with a mercury lamp it is 

also possible to produce nanoparticles [38], and the visible light 

radiation employment [39]. 

d) Biological method: this is the use of living organisms extracts. Such 

extracts can act both as reducing agent and as a stabilizing agent in 

the synthesis of nanoparticles. The reduction of silver ions occurs 

through the combination of biomolecules found in the reaction 

medium, such as enzymes, proteins, amino acids, polysaccharides 

and vitamins [40, 41]. Such syntheses are chemically benign, 

although quite complex.  
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e) Polyoxometalates method: this method has the potential to 

synthesize silver nanoparticles due to the fact that the 

polyoxometalates (POM) are water soluble and have the processor 

capacity to polielectronics reduction-oxidation reactions (more 

electrons en-ware) without a disorder in their [42, 43]. structures. In 

this synthesis, the POM act as photocatalytic agents, reducing and 

stabilizing agents, which confers a high efficiency of the method. 

Zhang and colleagues [44] conducted a study of synthesis and 

satisfactory stabilization of gold nanoparticles from polioxometalates. 

The sugars are water soluble carbohydrates. One can divide these 

carbohydrates to monosaccharaides, oligosaccharides and polysaccharides. The 

first are the basis of all carbohydrates, forming units and these are also called 

simple sugars. Among simple sugars, the smaller has only three carbons and 

trioses are called, for example, glyceraldehyde, illustrated in Figure 1.4a. 

Oligosaccharides are carbohydrates formed by some (few) linked 

monosaccharaides, while polysaccharides are formed by several 

monosaccharaides linked. These last are the most common carbohydrates such 

as glycogen, starch, and cellulose, shown at Figures 1.4b, 1.4c and 1.4d 

respectively. 
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Figure 1.4 – Chemical structure of sugars monomers: gliceraldehyde (a), 

glycogen (b), starch (c) and cellulose (d). 
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The monosaccharaides can be further classified as aldoses or ketoses. 

Both can be classified according to the number of carbons in its chain. Aldoses 

with four, five or six carbon atoms are termed tetroses, pentoses and hexoses, 

and successively. The ketoses are classified as the ketotetroses, ketopentoses 

and ketoexoses for the same number of carbon atoms above-mentioned mind. It 

is a common occurrence among sugars that are isomers, once asymmetric 

carbons (stereogenic centers) can be found in these saccharides. Among these 

possibilities of isomers, we highlight the epimers, which are diastereoisomers: 

structures that differ in the configuration of the chiral carbon only. 

Three sugars are particularly of interest in this work: ribose, arabinose 

and xylose. They are all pentose and epimers each other. Their structures are 

shown in Figure 1.5. 
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Figure 1.5 – L-arabinose (a), D-ribose (b) and D-xylose (c). 
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In this context, the use of reducing sugars for the production of the silver 

nanoparticles is within the expected of green chemistry. These sugars may be 

aldoses or ketoses. The aldehydes undergo oxidation to form carboxyl groups 

characteristic of acids. This reaction, also, is the basis for the verification of 

aldoses. The ketoses, when isomerize as aldoses also assume the character of 

reducing sugars [45]. In redox reactions, in so far as the sugars are oxidized, 

another participant of reaction is reduced. Thus, the silver ions present in solution 

are reduced by these saccharides, and reduction half-reaction may be 

satisfactory written by Equation 1.1: 

Ag+
(aq) + e-    Ag(s) (Eo

red = +0,80V)      (1.1) 
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1.4 Multi-resistant microorganisms 

According to the World Health Organization (WHO), resistance to 

antimicrobials occurs when a microorganism does not respond to the originally 

drug developed for the treatment of infections caused by the same. These 

microorganisms (bacteria, fungi, viruses and parasites) are resistant to the attack 

of antimicrobial agents, so the standard treatments become ineffective and the 

infection continues, increasing the risk of spreading to others [46]. 

Also according to the WHO, the evolution of resistant strains is a natural 

phenomenon that occurs with microorganisms which erroneously replicate or 

when resistance traits are exchanged between them. Indiscriminate use of 

antibiotics accelerates the higher incidence of multidrug-resistant strains. In 

addition, poor practices of infection control, inadequate and poor sanitary quality 

conditions in the treatment of foods contribute to the propagation of antimicrobial 

resistance. 

Bacteria are simple, unicellular organisms and prokaryotes, what 

implicates that their genetic material is spread in the cytoplasm. Since fungi are 

eukaryotes and more complex bacteria, they may present as uni or multicellular 

beings. The first are the yeasts: simpler forms of fungi and larger than bacteria. 

The second are molds: visible and are due to the formation of a mass called 

mycelium and comprises several filaments called hyphae [47]. 

The antimicrobial agents used against bacteria and fungi can be 

classified as antibiotic and antifungal agents, respectively. Both pathogens may 

develop resistance to antimicrobials. This condition represents a health risk, 

since the infection by these pathogens can be fatal. 

As the object of study of this work, it is included microorganisms from the 

different kingdoms of monera (bacteria) and fungi (fungi). Three bacteria 

belonging to the study scope of this study: Escherichia coli, Pseudomonas 

aeruginosa and Staphylococcus aureus. For the kingdom fungi, Candida 

albicans, Candida tropicalis, Candida parapsilosis, Aspergillus niger, Aspergillus 

fumigatus and Aspergillus terreus. 

  



30 
 

2 LITERATURE REVIEW 

2.1 Silver nanoparticles 

It is possible to understand that silver nanoparticles – AgNP – had been 

widely studied along last years, according to data obtained at Science Direct 

database, showed at Figure 1.6. 

 

Figure 1.6 – Last fifteen years of publishing works involving the term silver 

nanoparticles. 

 

Source: author 

 

There were found 30,307 published works among 2000 and 2015, which 

gives an average of 1,894 works by year, which reveals an intense search for 

knowledge of the most diverse properties and applications, in special in the last 

five years. 
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The silver nanoparticles are highlighted for showing uncommon physical-

chemical and biological properties. This leads to an extensive application in 

health care. A lot of products are available, such as materials for surgery and 

prosthesis [48]. Still according to Heilman, the studies involving silver 

nanoparticles in Brazil are not significant yet, and need a massive investment to 

grow according to the demands.  

When investigating the diverse possibilities of applications of silver, it can 

be highlighted its employment on electronic devices, which aims to obtain best 

responses in conduction [49-51], catalyst [52, 53], increase the efficiency of 

paints and prototypes in printers [54-56], obtaining of paint with bactericide 

properties [57], confection of wound healing dressings with anti-inflammatory and 

antimicrobial properties [58-60], functionalization of tissues on textile industries 

[40-42], cosmetic industries [44], as sensor to identify, qualitative and 

quantitative, other molecules [45-48], despite its large use as controlling of 

microbial growth [49-54]. 

The silver salts activity against bacteria has been reported since antiquity 

[61] and silver is currently used to control bacterial growth in a variety of 

applications, including dental work, catheters and also burns [62, 63]. Silver ions 

and compounds containing silver are actually extremely toxic to microorganisms 

showing various biocides in bacteria [64]. In a study by Aymonier and coworkers, 

AgNPs functionalized amphiphilic macromolecules were associated with 

antimicrobials as capping agents [65]. Silver nanoparticles have a more 

pronounced activity against microorganisms when compared to its ions and silver 

salts [66-69]. In addition to having activity against bacteria and viruses [64, 68, 

70, 71] it has also been used to treat immunological and inflammatory disorders 

[72]. The same nanoparticles find use in growth control mosquito vectors of 

malaria, filariasis and dengue [73]. For these reasons, research on metal 

nanoparticles, especially silver, has increased substantially in recent years [74, 

75]. Other metal nanoparticles (which have a high surface area and a reasonable 

amount of surface atoms) enter the list of research because of their unique 

physicochemical properties such as catalytic activity, optical and electronic 

properties, antimicrobial activity and magnetic properties [76-78]. Among the 

metal nanoparticles, the silver are those with the best bacteriostatic and 

bactericidal activity [79]. It is expected that the high surface area and their high 
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number of surface atoms will lead to an antimicrobial particle compared with the 

massive metal [75]. 

The silver nanoparticles are commonly firstly characterized by UV-Vis 

spectroscopy, through the appearing of plasmon band, which max will depend on 

the shape and size of particles [80-82], as well as the composition of system [83, 

84]. 

 

2.1.1 Synthesis of silver nanoparticles 

The nanoparticles may be obtained by physical (top down) or chemical 

(bottom up) processes. Simplifying, on physical methods, the nanoparticles are 

obtained through maceration of a macro-material. By the other way, chemical 

processes involve the manipulation of material at atomic scale, which offers a 

higher size and properties control [85]. Figure 1.7 shows a short scheme 

differencing both processes.  

 

Figure 1.7 – Physical and chemical methods of nanoparticles synthesis 

 

Source: adapted from Santos [86]. 

 

The chemical synthesis of silver nanoparticles depends on a reducing 

agent to give electrons and reduce silver ions, as already shown at equation 1.1. 

Several routes to obtain silver nanoparticles are used, and some of them will be 

described in this work. 
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One way to provide the synthesis is by using plants. In a work performed 

in 2011, Vidhu and co-workers [87] synthesized AgNPs trough an aqueous 

extract of Macrotiloma uniflorum. A similar study was made by Rastogi and 

Arunachalam [88], when they synthesized silver nanoparticles by using garlic – 

Allium sativum – aqueous extract and sunlight, and evaluated the antibacterial 

potential of the obtained nanoparticles. Moldovan and co-workers [89] 

synthesized AgNPs trough Sambucus nigra and studied its antioxidant activity. 

Other works had shown a tendency to use aqueous extract of plants to synthesize 

silver nanoparticles [90-93]. 

Another way is trough photo induction. El-Sherbiny and co-workers [94] 

synthesized silver nanoparticles trough a photo-induced process obtaining 

functionalized silver nanoparticles. Patra [95] worked on a photo-mediated 

synthesis of silver nanoparticles. Also, antioxidant, antibacterial and anticandidal 

activities were investigated. A similar work was performed by Verma [96]. In this 

last work, the system containing AgNPs was synthesized by exposing the mixture 

to sunlight over 45 min, and the yield increased each minute of synthesis. 

It is possible to synthesize silver nanoparticles also trough a micro-wave 

assisted process, as performed Pal [97]. On his work, he used ethanol as 

reducing agent. Hydrotermal synthesis is possible as well [98] as sonochemical 

technique [99, 100] to obtain silver nanoparticles. However, the traditional 

method to synthesize silver nanoparticles is trough sodium borohydride [101-

106]. This method is largely employed, but generates toxic products and does not 

attend the green synthesis purpose.  

  

2.1.2 Capping agents used to stabilize silver nanoparticles 

When formed, nanoparticles are thermodynamically unstable and there 

is a natural tendency to the agglomeration of particles and their consequent 

growth, which increase the diameter, causing the phenomenon of polydispersity 

and decant the solution. The great defy is to develop a way to avoid these 

adversities and obtain a stable solution, as well as monodispersive system and 

linear properties [107, 108].  
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Figures 1.8a, 1.8b and 1.8c show different types of stabilization of 

nanoparticles, such as electrostatic, steric and electrosteric. 

 

Figure 1.8 – Stabilization: electrostatic (a), steric (b) and electrosteric (c). 

 

(a) 

 

(b) 

 

(c) 

Source: author, inspired on Santos [86]. 

 

It is important to consider the kind of stabilizer, once there are some 

possibilities of stabilize the nanoparticles. The capping agent must be able to 

avoid the van der Waals forces that exist between the particles, and this 

mechanism may be done by three ways: electrostatic, showed at Figure 1.8a, 

which there are electric forces surrounding the nanoparticle and the repulsion 

among them produces the stability in solution. The electrostatic stabilization 

occurs when there are ions adsorbed at the surface of metallic nanoparticles. 

This adsorption is multilayer, and originates a coulombic repulsive force among 

the AgNPs. Another way is the steric stabilization, as shown in Figure 1.8b, which 

the stabilization does not occur because of electrostatic forces, but it is 

intrinsically about the steric occupation of spaces, and this steric hindrance 

avoids the contact among nanoparticles, which also confers to the system 

stability at solution. This kind of stabilization is as better as higher voluminous is 

the ligand. And as last, the electrosteric stabilization, as shown at Figure 1.8c, 

which works with both principles: electrostatic and steric. This kind of stabilization 

may be observed at polioxoanions [109, 110].  

The steric stabilization may be performed by polymers, such as PVP 

(polyvinylpyrrolidone), surfactants, such as sodium dodecyl sulfate and ligands, 

which are molecules containing amine groups, phosphine and thiols. Figure 1.9 

shows different types of stabilizations [111, 112]. 
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Figure 1.9 – Stabilization of AgNP trough polymer (a), surfactant (b) and ligand 

(c). 

 

(a) 

 

(b) 

 

(c) 

Source: author, inspired on Santos [86]. 

 

Therefore, the capping agents play a very important role on the synthesis 

of nanoparticles as a whole. There are a lot of capping agents. Two of these 

capping agents are objects of this work: sodium citrate and sodium dodecyl 

sulfate, illustrated in Figure 1.10. 

 

Figure 1.10 – Sodium citrate (a) and sodium dodecyl sulfate (b). 
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To better understand the importance of capping agents, a scheme is 

drawn at Figure 1.11, which shows the citrate ion capping AgNP (a) to avoid the 

agglomeration (b) and consequent precipitation.  
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Figure 1.11 – Silver nanoparticles with capping agent (a) and without it (b). 

 

Source: author (inspired in the work of Shabbeer and co-workers [113]) 

 

Yang and co-workers [114] studied the effects of different stabilizers 

agents over silver nanoparticles synthesis. In their work, the researchers used 

PVP, sodium dodecyl sulfate and Arabic gum. Lah and co-workers [115] obtained 

silver nanoparticles using Daxad 19 surfactant to control its shape and properties. 

Hebeish [116] used starch to synthesize and cap silver nanoparticles, obtaining 

spherical particles with size about 80nm and with a zeta potential about -25mV. 

Vanamudan and co-workers synthesized spherical AgNP trough the utilization of 

guar gum as capping agent [117].  
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2.1.3 Plasmon band 

Metallic nanoparticles show different colors when in solution. It is 

common to observe colors ranging from blue to red of silver nanoparticles, 

depending on the shape. This changing of colors is due to a phenomenon known 

as surface plasmon resonance. This occurs because of the collective oscillation 

of electrons from the surface of a material, which interacts with the light that 

focuses on it. This collective oscillation leads the electrons, even for a short time, 

to be cumulated over a certain place on the material. The phenomena is 

thermodynamically unstable, because reduces the entropy of system, which 

responds tending to restore its initial condition. This restoring force originates an 

oscillation frequency inside the particle, then it is possible to observe the plasmon 

band [118].  

Figure 1.12 – Plasmon band 

 

Source: author 

Mie showed on his theory that the shape of particle, dielectric constant of 

medium, such as temperature and refraction index of solvent also plays a role on 

band displacement. His theory was developed starting from Maxwell’s laws and 

shows agreement with experimental data [119]. 
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3 OBJECTIVES 

3.1 General objective 

To perform a green synthesis to obtain silver nanoparticles (AgNPs), 

through reducing sugars and silver nitrate, and promote the stabilization of the 

system by using sodium citrate and sodium dodecyl sulfate. 

3.2 Specifics objectives 

Once the AgNPs are obtained, several steps are taken, as described 

below: 

3.2.1 Characterization of AgNP trough: 

- UV-vis spectroscopy; 

- X-ray diffraction; 

- Dynamic scattering of light; 

- Zeta potential; 

- Scanning electron microscopy  

- Atomic force microscopy. 

 

3.2.2 Obtaining and characterization of composite materials with AgNPs: 

- Agar films; 

- Carbomer gel. 

 

3.2.3 Perform tests as: 

- Antimicrobial agent (against fungi and bacteria); 

- Effect of addition (with antifungal Itraconazole). 
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CHAPTER 2 – GREEN SYNTHESIS OF SILVER NANOPARTICLES TROUGH 

REDUCING SUGARS 

 

1 INTRODUCTION 

This chapter describes the synthesis of AgNP, such as the 

characterization procedure and the preliminary tests with the nanoparticles. As 

described on general introduction of this work, four sugars were used. Among 

these sugars, only three of them were effectively continued because of the non-

needed use of NaOH to reduce silver ions, and the main stabilizer agent was 

sodium citrate, because of surfactant properties of sodium dodecyl sulfate. 

However, all the procedures are described. 

 

2 EXPERIMENTAL 

2.1 Materials 

Were used to perform this synthesis silver nitrate (Dinâmica, São Paulo), 

sodium citrate (Neon, São Paulo), sodium dodecyl sulfate (Dinâmica, São Paulo), 

arabinose (Sigma Aldrich, São Paulo), glucose (Sigma Aldrich, São Paulo), 

ribose (Sigma Aldrich, São Paulo), xylose (Dinâmica, São Paulo) and sodium 

hidroxyde (Dinâmica, São Paulo). 

 

2.2 Methods 

500mL of 5.0mM silver nitrate solution was warmed to desired 

temperature (described on Table 2.1). Once the temperature was achieved, it 

was added to the system 1.00g of sugar and 0.50g of sodium citrate or sodium 

dodecyl sulfate, according the desired synthesis.  

After 10 minutes, it was possible to verify the permanent yellow color of 

the solution, which is a visual sign of successful reaction. The solution is 

transferred to a bottle and then stored at room temperature (25ºC to this work). 

This method is shown at Figure 2.1. Each sample was then named according to 

the Table 2.1.  
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Figure 2.1 – AgNP synthesis: illustrated steps (citrate series). 

 

Source: author. 

 

Table 2.1 – AgNPs samples and temperature of synthesis. 

Sample Sugar Temperature 

AgAC-01 Arabinose 60 ºC 

AgAC-02 Arabinose 80 ºC 

AgAC-03 Arabinose 100 ºC 

AgRC-01 Ribose 60 ºC 

AgRC-02 Ribose 80 ºC 

AgRC-03 Ribose 100 ºC 

AgXC-01 Xylose 50 ºC 

AgXC-02 Xylose 60 ºC 

AgXC-03 Xylose 70 ºC 

AgXC-04 Xylose 80 ºC 

AgXC-05 Xylose 90 ºC 

AgXC-06 Xylose 100 ºC 

Source: author. 

The samples were labeled according to these terms: Ag is silver; A is 

arabinose; C is citrate; R is ribose and X is xylose. The sequence 01-06 is 

signaled to the temperature flow, from the smaller to higher (60, 80 and 100 are 

respectively 1, 2 and 3 on ribose and arabinose, while in xylose 60, 70, 80, 90 

and 100 are 1, 2, 3, 4, 5 and 6.  
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2.2.1 Concentrating AgNPs 

Once the AgNPs were obtained, the solution was carried to a centrifuge 

and then centrifuged for 20 minutes over 10000rpm. After two cycles of 

centrifuge, the centrifuged liquid at the bottom of the tube is pipetted to another 

bottle and stored under protection of light in a freezer at 5 ºC. Figure 2.2 shows 

the before and after of centrifugation. 

Figure 2.2 – Solution before (left) and after (right) centrifugation. 

 
Source: author. 

 

2.2.2 Preliminary antimicrobial assays 

To verify the antimicrobial activity of AgNP, an in vitro assay was 

performed against fungi of Aspergillus species, shown at Figure 2.3. In addition, 

the samples chosen were the same of catalytic assays. 

 

Figure 2.3 – Aspergillus fumigatus (a), A. terreus (b) and A. niger (c). 

   

(a) (b) (c) 

Source: author. 
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3 CHARACTERIZATION 

3.1 UV-Vis spectroscopy 

It was used a Thermo Scientific GENESYS 10s spectrophotometer to 

characterize the obtaining of AgNPs, once these nanoparticles have 

characteristics absorption bands – plasmon bands – at 420nm. The same 

technique was performed to estimate the size of AgNP. 

 

3.2 X-ray diffraction (XRD) 

1.0mL of centrifuged AgNP was drop and dried into a glass plate and 

then carried to a Phillips PW 1710 X-ray with copper tube K (k=1.54Ǻ) to verify 

the obtaining of crystalline profile of silver.  

3.3 Dynamic light scattering (DLS) and zeta potential 

The dynamic light scattering technique was performed to obtain the 

hydrodynamic radius of AgNPs, such as the zeta potential to evaluate the stability 

of the nanoparticles in solution. It was used a Zetasizer NanoZS Malvern. It was 

chosen the arabinose samples to represent the samples. 

 

3.4 Scanning electron microscopy (SEM) 

To investigate the morphology and topology properties of the AgNP, it 

was performed a SEM assay. It was chosen the AgRC-01, AgRC-02 and AgRC-

03 samples to be characterized. The microscope was an electron microscope 

Quanta-450 (FEI) with a field-emission gun (FEG), a 100 mm stage and an X-ray 

detector (model 150, Oxford) for energy-dispersive X-ray spectroscopy (EDS), 

from Central Analítica – Universidade Federal do Ceará. 
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4 RESULTS AND DISCUSSION 

4.1 UV-Vis spectroscopy 

This technique has shown itself as an excellent way to characterize the 

production of AgNPs, once the characteristic band obtained near 420nm is proper 

of the AgNP, and is also called plasmon band [1]. The Figures below illustrate 

the absorption of AgNP solutions, according to the sugar used to synthesize the 

nanoparticles. The Figures 2.4, 2.5 and 2.6 show the absorption of the AgNPs 

solution. The first one shown is the AgNPs produced using arabinose as reducing 

sugar.  

Figure 2.4 – UV-Vis absorption of AgAC-01, AgAC-02 and AgAC-03. 

 
Source: author. 

 

For each one of the samples, the max were 410, 404 and 401nm for 

AgAC-01, AgAC-02 and AgAC-03, respectively. 
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Then, it was performed the UV-Vis absorption of AgNP obtained by 

synthesis using ribose, shown at Figure 2.5. 

Figure 2.5 – UV-Vis absorption of AgRC-01, AgRC-02 and AgRC-03. 

 
Source: author. 

The profile of these nanoparticles looks uniform, when compared to the 

previous (arabinose series). In addition, the bands are not as broad as the first 

ones. This profile suggests that the ribose series gave a system of 

monodispersive nanoparticles, where the size of the AgNPs is not significantly 

different. 

For each one of the samples, the max were 405, 399 and 398nm 

respectively for AgRC-01, AgRC-02 and AgRC-03.  

The last series, AgNPs obtained by xylose, is shown in Figure 2.6 below. 

However, to this series it was performed a wide temperature range, exactly to 

verify if there was any difference of synthesis among 50ºC and 100ºC. All 

investigated temperature could synthesize AgNPs with discreet difference among 

them. For each one of the samples, the max were 408, 408, 406, 402, 403 and 
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403nm for AgXC-01, AgXC-02, AgXC-03, AgXC-04, AgXC-05 and AgXC-06, 

respectively 

Figure 2.6 – UV-Vis absorption of AgXC-01, AgXC-02, AgXC-03, AgXC-04, 

AgXC-05 and AgXC-06. 

 
Source: author. 

When it is observed the Figures of UV-Vis data, it is possible to 

understand that the AgNP were obtained, once this region near 400nm works like 

a real fingerprint to characterize silver nanoparticles [1-4]. Actually, there was not 

significant band displacement, once all max were sufficient near (410 – 398) to 

all samples. A complementary technique – XRD – will confirm the phases of 

silver, as shown on next topic ahead (4.2). 
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As a general observation, the spectrum width of bands became smaller 

with the increasing of temperature, which suggests that the systems, according 

to the temperature rise, were getting more monodispersive, which has as 

characteristic the uniform distribution of size of nanoparticles. 

The solutions containing only the sugar without sodium citrate had shown 

the same pale yellow aspect, however, when the UV-Vis spectra of these 

samples are collected, there is no absorption bands, and it is also possible to 

verify some remnants of solid at the bottom of bottle. Once the reaction occurs 

with the oxidation of sugar and reduction of silver, it is possible to infer that the 

AgNP are obtained, but without the capping agent they are not stable at solution. 

The spectra data of the sugars without sodium citrate is shown in Figure 2.7, 

where it is possible to see that the plasmon band is not present on those 

solutions. 

Figure 2.7 – UV-Vis specter of samples without sodium citrate. 

 
Source: author. 
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It is also important to perform the UV-Vis spectra of silver nanoparticles 

with sodium citrate, but without the reducing sugar, so it is possible to say, indeed, 

that the sugars are the reactants that reduce silver under the investigated 

conditions. Figure 2.8 shows the spectrum of silver with sodium citrate. 

Figure 2.8 – UV-Vis specter of sample with sodium citrate only. 

 

Source: author. 
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The UV-Vis spectra are particularly useful to determine the size of 

nanoparticles. Slistan-Grijalva and co-workers [5, 6] elucidated that the particle 

size could also be related with the intensity and full width half maximum (FWHM) 

of the plasmon band. Schematically, it would be like this, shown at Figure 2.9: 

Figure 2.9 – FWHM of an arbitrary measure. 

 

Source: author. 

 

As seen at Figure 2.9, there are two wavelengths highlighted in green: 

370nm and 428nm. Both are related to the FWHM of this arbitrary absorption 

band, which the maximum of absorption occurs with 0.595A (arbitrary unit). The 

half is signaled to the both numbers already cited. So, when the difference of 

them is taken, it is possible to obtain the half size of synthesized nanoparticles. 

When applying this to the obtained nanoparticles, it is possible to catalog 

the following values, presented at Table 2.2: 

 

Table 2.2 – Particle mean size according FWHM. 
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Sample Particle medium size according FWHM 

AgAC-01 89 nm 

AgAC-02 67 nm 

AgAC-03 58 nm 

AgRC-01 73 nm 

AgRC-02 60 nm 

AgRC-03 60 nm 

AgXC-01 73 nm 

AgXC-02 70 nm 

AgXC-03 69 nm 

AgXC-04 61 nm 

AgXC-05 60 nm 

AgXC-06 55 nm 

Source: author. 

All the samples were affected by temperature variation. At higher values, 

the system was able to synthesize smaller nanoparticles, which is an interesting 

data. So, controlling the temperature – and keeping unchanged all the other 

variables – it is possible to estimate the size distribution of silver nanoparticles, 

according to the UV-Vis spectra. 

This preliminary data is an estimative and needs another technique to 

give it some robustness. Further, the dynamic light scattering and scanning 

electron micrograph will complement this one, so the average size of obtained 

silver nanoparticles may be effectively determined. 

It is important to cite that Mohan and co-workers [7] produced 

nanoparticles with an average size of 14 ± 4nm, starting from glucose as reducing 

sugar, as well as Filippo and co-workers [8] obtained 5.2 nm particles for 

saccharose and 60 nm for maltose.   
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4.2 XRD  

In a way to complement the UV-Vis spectroscopy, XRD allows us to 

confirm the obtained phases of the silver nanoparticles [4, 9-11]. Figure 2.10 

shows the diffraction pattern for three AgNPs. The chosen samples were AgRC-

01, AgRC-02 and AgRC-03, which were synthesized from same sugar from 

different temperatures. 

 

Figure 2.10 – XRD pattern for AgRC-01, AgRC-02 and AgRC-03. 

 
Source: author. 

 

As verified at literature [82-84, 98], the diffractogram above allows to 

conclude that silver is present (JCPDS-04-0783), which correspond to diffraction 

angles in 38.22º, 44.4º, 64.5º and 77.46º. There was not significant influence of 

temperature on the phases of the AgNP, once all three samples had shown 

similar diffractograms.  
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4.3 DLS and zeta potential 

This technique consists in the scattering of light, and allows us to know 

the average hydrodynamic radius of particles. The data may be interpreted 

according the following size parameters: by intensity, by volume and by number, 

as well as intensity of diffusion. The first one gives the classes of size and the 

average percentage relative, based on the intensity of light scattering. The size 

by volume reveals the classes of size and average percentage relative based on 

the volume occupied by the nanoparticles, while by number the data is revealed 

as the number of nanoparticles. The last parameter is obtained from the intensity 

of light scattering in solution. 

Parallel to the parameters of interpretation of nanoparticles size, there is 

the PDI, which indicates the polydispersion index. Monodispersive samples, 

which indicate homogeneity of sizes, will show PDI values much smaller than 1 

(maximum definite value). When there is proximity to unit, it is an indicative of a 

polydispersive sample, and there is a great difference among the size of 

nanoparticles, which leads the classification of the system to heterogeneous. 

Figure 2.11 shows the size distribution by intensity of light scattering. The 

values are also arranged into a Table (2.3). 

Figure 2.11 – Size distribution by intensity of light scattering. 

 
Source: author. 
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Table 2.3 – Size distribution by intensity of light scattering. 

Sample PDI Size (nm) Int. (%) SD 

AgXC-01 0.621 
Peak 1 
Peak 2 
Peak 3 

43.81 
2.544 
8.056 

83.1 
16.1 
0.7 

 
20.85 
0.760 
1.440 

 

AgXC-02 0.539 
Peak 1 
Peak 2 

27.29 
1.898 

80.4 
19.6 

11.04 
0.4753 

AgXC-03 0.525 
Peak 1 
Peak 2 

32.49 
1.945 

80.9 
19.1 

 
13.98 

0.6278 
 

AgXC-04 0.467 
Peak 1 
Peak 2 

29.66 
1.907 

87.6 
12.4 

11.46 
0.4467 

AgXC-05 0.459 
Peak 1 
Peak 2 
Peak 3 

28.9 
2.182 

0.8175 

85.8 
13.3 
0.9 

 
11.50 

0.6385 
0.1172 

 

AgXC-06 0.389 
Peak 1 
Peak 2 

96.36 
5.441 

99.2 
0.8 

62.26 
1.170 

Source: author. 

Once the stoichiometric conditions of synthesis were the same, 

temperature was the only factor that varied. Thus, the effect on the size and PDI 

of system is related to range in temperature. According the temperature 

increases, the PDI is systematically reduced, as can be observed at PDI 0.621 to 

0.389. This fact suggests a tendency to a monodispersive system. However, the 

data table shows an increasing on the particle size at the highest temperature, 

but this same increase is observed at standard deviation at 100ºC. An interesting 

data is acquired when the samples AgXC-04 and AgXC-05 are observed: the 

values do not present a great range of changes, and this may be an indicative of 

a range of temperature that has the same activation energy. Moreover, the UV-

Vis profiles of these two samples are almost the same (as shown at Figure 2.6). 

To verify the stability of the system, it was perform the analyses of the 

zeta potential. AgXC-05 and AgXC-06 were selected ones to be analyzed, 

because of the two lowest polydispersion indexes. 
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When performed the zeta potential analyses, some data were obtained 

and are shown at Figures 2.12 and 2.13 below. 

 

Figure 2.12 – Zeta potential of AgXC-05 sample. 

 
Source: author 

 

Figure 2.13 – Zeta potential of AgXC-06 sample. 

 
Source: author 
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The obtained values for the samples were -51.4mV and -41.4mV, 

respectively. According to the following Table 2.4, the expected values for zeta 

potential are [12, 13]: 

Table 2.4 – Zeta potential values 

Zeta potential (in mV) Effect on solution 

0 to ±10mV Coagulation or flocculation 

±10mV to ±30mV Instability 

±30mV to ±40mV Moderate stability 

±40mV to ±60mV Good stability 

±60mV and further Excellent stability 
Source: Andrei [12] and Hanaor [13]. 

The negative value for the zeta potential is because of sodium citrate, 

which has a liquid anionic charge of 3-. Still according to the previous table, the 

obtained values lead to a solution with good stability, which may be attributed to 

the sodium citrate stabilizing the silver nanoparticles. 
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4.4 SEM 

Sajanlal and co-workers [14] had elucidated already that the morphology 

and crystalline structure of nanoparticles influences also at the UV-Vis spectra, 

so that the wavelength of absorption is function of these parameters of AgNP. 

Knowing this, it is important to investigate the morphology and distribution 

of silver nanoparticles to verify if there is a correlation between the shape and the 

absorption spectrum. Thus, it was performed the SEM to investigate this 

characteristic and also AgNPs size. As previous analysis, the chosen samples 

were AgRC-01, AgRC-02 and AgRC-03.  

To initiate the series, Figure 2.14a and 2.14b show particles obtained 

from AgRC-01 sample. 

Figure 2.14a – SEM images from AgRC-01 at 78,022x.  

 
Source: author. 

Even there are AgNP with different morphologies, such as prismatic, 

cubic and rods, it is possible to verify that the predominant shape of nanoparticles 

is spherical, which meets the UV-Vis specter. According to literature, plasmon 

band around 400nm is characteristic of spherical nanoparticles. 
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Also, depending on the capping agent used and the conditions of 

synthesis, it is possible to obtain different shapes of nanoparticles. 

Figure 2.14b – SEM images from AgRC-01 at 424,973x.

 
Source: author. 

 

This previous micrograph shows a nanoparticle which is the fusion of 

another three ones. Clearly, it can be seen that these AgNPs are imperfect 

spheres. This process occurs when the solid is coalescing, and the capping agent 

did not work with efficacy to avoid the occurrence of coalescence.  

The next images show the AgRC-02 samples that were investigated at 

SEM.  
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Figure 2.15a – SEM images for AgRC-02 at 100,000x. 

 
Source: author. 

Figure 2.15b – SEM images for AgRC-02 at 187,802x. 

 
Source: author. 
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It was possible to see the difference between the first and second 

samples. While the first were nanoparticles with a definite shape, even if not 

predominant, the AgRC-02 nanoparticles showed a higher tendency to coalesce, 

although they were smaller than AgRC-01. 

Finally, the AgRC-03 series had images that reveal well-definite spheres 

and a weak tendency to coalesce, as can be seen at Figures 2.16a and 2.16b. 

Figure 2.16a – SEM images for AgRC-03 at 100,000x. 

 
Source: author. 

It is possible to see that the AgNPs of AgRC-03 series are predominantly 

spheres and separated each from other. The absence of agglomerates is a 

remarkable characteristic of this, and might be an effect of temperature, once the 

conditions of synthesis were the same to all samples of this series.  

This region of SEM was expanded to 200,000x to better investigate the 

shape and morphology of obtained silver nanoparticles. The result is shown at 

Figure 2.16b. 
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Figure 2.16b - SEM images for AgRC-03 at 200,000x. 

 
Source: author. 

The AgNPs had coalesced in a discreet way, as can be seen at this 

expanded micrograph. At the magnification the spheres are better perceived, 

which leads to infer that at 100ºC and the other conditions, the predominant 

shape will be spherical and the particles will be better spread. 

Once the micrographs are taken, it is also possible to build a histogram 

for the analyzed AgNPs, and then understand the distribution of size and its 

average according to each sample. The Figures below show the histograms 

based on particles count and sizes for the referred samples. 
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Figure 2.17 – Histogram of AgRC-01 (a), AgRC-02 (b) and AgRC-03 (c) samples. 
 

 
(a) (b) 

 
(c) 

 
Source: author 

The histograms showed a tendency of system to obtain smaller nanoparticles when the temperature increases. This may be 

attributed to the faster formation of nanoparticles and consequently stabilization with the citrate ion, which avoid the agglomeration of 

the grains and lead to a more monodispersive and definite system. 
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4.5 Antimicrobial activity 

When observing the results of the antimicrobial assay, it can be seen that 

all the three nanoparticles had shown some results in a way to avoid the growth 

of fungi. The Figures below show the behavior of the species when exposed to 

the AgNP. 

Figure 2.18 – Aspergillus fumigatus: control (a), with AgRC-01 (b), AgRC-02 (c) 

and AgRC-03 (d). 

 
 

(a) (b) 

 
 

(c) (d) 

Source: author.  
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Figure 2.19 – Aspergillus terreus: control (a), with AgRC-01 (b), AgRC-02 (c) e 

AgRC-03 (d). 

  
(a) (b) 

 
 

(c) (d) 

Source: author. 
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Figure 2.20 – Aspergillus niger: control (a), with AgRC-01 (b), AgRC-02 (c) e 

AgRC-03 (d). 

 
 

(a) (b) 

  

(c) (d) 

Source: author. 
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The images give interesting results. At the first study, the nanoparticles 

had progressively slowed the growing of fungi, and AgRC-03 showed the highest 

effectiveness in this process. This effect is easily seen to A. niger and A. 

fumigatus species, which clearly the fungi are smaller when compared to the 

control strain. 

The specie A. terreus presented a different behavior: apparently there was 

a stimulus to the growing of fungus. However, when it is better observed, it is 

possible to verify that there was a kind of section, as the fungus was constantly 

sliced, and could not grow as one.  

The Figures and Tables below brings graphics and data the show that the 

growth profile of fungi along 3 and 6 days exposed to AgNP. The results 

illustrated leads us to believe that the AgNP synthesized at 100ºC show better 

inhibitory properties over the others, which also leads us to assume that the 

temperature of synthesis is an important factor to consider when AgNP are about 

to be obtained. 

The Figures show the size – Y axis – in millimeters and the counting days 

– X axis.  
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Figure 2.21 – Growing of A. niger along six days. 

 
Source: author. 

Table 2.5 – Growing of A. niger versus time 

A. niger (days) Control (mm) AgRC-01 (mm) AgRC-02 (mm) AgRC-03 (mm) 

1 - - - - 

2 - - - - 

3 60 60 50 40 

4 68 60 60 48 

5 80 80 70 50 

6 80 80 80 60 

Source: author. 

  



81 
 

Figure 2.22 – Growing of A. terreus along six days. 

 
Source: author. 

Table 2.6 – Growing A. terreus versus time. 

A. terreus (days) Control (mm) AgRC-01 (mm) AgRC-02 (mm) AgRC-03 (mm) 

1 - - - - 

2 - - - - 

3 60 60 50 40 

4 68 60 60 48 

5 80 80 70 50 

6 80 80 80 60 

Source: author. 
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Figure 2.23 – Growing of A. fumigatus along six days. 

 
Source: author. 

Table 2.7 – Growing of A. fumigatus versus time. 

A. fumigatus (days) Controle (mm) AgRC-01 (mm) AgRC-02 (mm) AgRC-03 (mm) 

1 - - - - 

2 - - - - 

3 35 35 27 15 

4 50 40 38 16 

5 55 50 42 25 

6 65 54 48 28 

Source: author. 

These results point to a preliminary understanding that the AgNP show 

antifungal activity, which opened way to perform other tests with another 

microorganisms and also with another silver nanoparticles, obtained by different 

synthesis and sugars, as well as different capping agents. 
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5 CONCLUSIONS 

The primary target, obtaining of silver nanoparticles trough green 

synthesis, was completely satisfactory. All the investigated sugars yield AgNPs 

in all temperatures and were also stabilized by sodium citrate in all cases. 

There is no remarkable differences among the obtained silver 

nanoparticles, once they are characterized trough UV-Vis and showed absorption 

in very close regions, which suggests that, as the max is function of morphology 

of AgNPs, all the samples showed predominance of spherical shapes, which 

indicates that the used sugars did not differ one from each other when the 

synthesis looks for different shapes of nanoparticles. 

Temperature had shown an important factor on the avoiding of 

coalescence and definition of most symmetric spherical nanoparticles. 

Another factor that was influenced by temperature was also the size of 

nanoparticles, as DLS technique had shown. The performed techniques showed 

that it was possible to obtain nanoparticles with different sizes and distributions. 

The first results of antifungal use of AgNPs were quite satisfactory and 

promising for further studies. 
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CHAPTER 3 – ANTIFUNGAL ACTIVITY OF SILVER NANOPARTICLES 

OBTAINED BY GREEN SYNTHESIS 

 

1 INTRODUCTION 

Silver nanoparticles (AgNPs) are a new material that has several 

applications, they are used as sensors, catalysts, anticancer and antimicrobial. 

AgNPs presented activity against bacteria, fungi and viruses [1]. However the 

synthesis of AgNPs produces toxic waste that may affect human health and the 

environment [2]. The green synthesis of AgNPs has used various ways. Among 

them have plants, microorganisms and non-toxic substances [3-5]. 

Antimicrobial resistance is a global concern and has become a public 

health problem. The emergence of new agents with activity against multiresistant 

microorganisms is slow and due to this many patients die every year [6]. So, 

nanotechnology can be an important tool in combating these important 

pathogens [2].  

Candida albicans and Candida tropicalis yeasts are responsible for a 

number of important diseases and recently cases of resistance of the yeast to the 

main antifungal have been described. New substances should be sought as an 

alternative to combat the spread of resistance [7, 8]. C. albicans and C. tropicalis 

are the main yeasts isolated from samples of patients admitted to Hospitals of 

Ceara [9]. 

The aim of this study was to synthesize and caracterize silver 

nanoparticles using glucose and ribose sugars as reducing agents and citrate as 

the capping agent. The antifungal activity of the synthesized AgNPs was 

evaluated against strains of C. albicans and C. tropicalis. 
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2 EXPERIMENTAL 

The synthesis of AgNPs was performed using ribose. Briefly, 500mL of a 

5.0mM AgNO3 solution was warmed to 50ºC and then added 1.00 g of ribose and 

0.5 g of SDS (sodium dodecyl sulfate) as stabilizer. The SDS has the function of 

preventing agglomeration and subsequent precipitation of AgNPs. The reaction 

was considered complete when the solution acquired a pale yellow color, 

characteristic of AgNPs [10, 11].  

In this study 30 strains of Candida sp. were selected (14 C. albicans and 

16 C. tropicalis). These yeasts were isolated from blood samples of patients 

hospitalized in Ceará. Briefly, C. albicans was purified and identified on 

chromogenic medium trough production of chlamydospores in rice extract agar 

with Tween-80, and germ tube formation, as shown at Figure 3.1. 

 

Figure 3.1 – Identification of C. tropicalis (a) and C. albicans (b) on chromogenic 

medium. 

 

(a) 
 

(b) 

Source: author. 

 

The sensibility of Candida sp. was evaluated by well-diffusion method on 

Mueller-Hinton medium supplemented with 2.0% glucose and 0.05% methylene 

blue.  The wells contained 80g AgNPs and placed on medium containing 

Candida sp. The discs of amphotericin B 10g were used as control. The plates 
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were incubated for 35°C/24h, and after this period the halos were measured 

(mm). Each test was conducted three times, according to the protocol of CLSI 

M44-A2 [12, 13]. Confirmation of identification was carried out by molecular 

biology. 

3 CHARACTERIZATION 

The purification was carried out by centrifugation at 10.000rpm during 10 

minutes and the characterization of the synthesized AgNPs was performed using 

an UV-Visible spectrophotometer (Thermo Scientific GENESYS™ 10s), by 

scanning the absorbance spectra in 300-700 nm range of wavelength. The size 

of AgNPs was analyzed on Zetasizer NanoZS Malvern® by dynamic light 

scattering (DLS) [14]. 

  

4 RESULTS AND DISCUSSION 

The production of AgNPs using ribose as a reducing agent and SDS 

capping agent was simple and easy to perform. The whole process is completed 

in 30 min. The solution of AgNPs had a pale yellow as shown in Figure 3.2.  

Figure 3.2 – AgNP solution. 

 

Source: author. 

 

The chemical reaction proposed can be represented by the equation  

below: 

C5H10O5(aq) + 2Ag+
(aq)            C5H8O5(aq) + 2H+

(aq) + 2Ag(s)
         (1) 
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The synthesized AgNPs showed strong spectrophotometric absorption 

around 420nm as shown in Figure 3.3.  

Figure 3.3 – UV-Vis specter of AgNP. 

 

Source: author. 

 

This is a typical behavior of these structures. SDS as the capping agent 

provided prolonged stability at up to 4 months when stored at room temperature 

and exposed to ambient light. Some sugars have reducing properties and are 

used in the production of nanoparticles, once the process does not harm the 

environment because it does not produce toxic waste, and require no accelerator 

[15]. 

Nanotechnology is a new area that study particles which has size up to 

100 nm, and the AgNPs produced in this work had size of 12.49 nm, as shown in 

Figure 3.4 below. In a work using glucose as reducing agent [16], the size of 

AgNPs was around 15 nm. 

Figure 3.4 – Size distribution by volume (DLS). 

 
Source: author.  
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The AgNPs exhibit high antimicrobial activity and this property can be 

very useful, especially against microorganisms resistant to conventional 

antimicrobial [17]. The effect is numerically shown at Table 3.1. 

Table 3.1 – Effect of AgNPs produced by green synthesis and Amphotericin B 

against C. albicans and C. tropicalis. 

                                       AgNPs                                    Amphotericin 

B  

Strains (n)            Range (mm)        Halo (mm)        Range (mm)     Halo (mm)                   

(Media+/-SD)         Media+/-SD)       Media±SD                                  Media±SD                                                      

C. albicans (14)          17-30                  23±4             15-25                  20±3  

C. tropicalis (16)         12-30                  21±4             15-25                  20±3                

Source: author 

 

It is possible to extract from results that the halos of inhibition showed a 

mean near medium among the used AgNP and the amphotericin B. Only the 

standard deviation of the AgNP were higher than the control’s drug one. 

Statistically, there are no significant differences among them – AgNP – but when 

compared to the control drug, it is possible to see that the activity was clearly 

higher and significant, because p < 0.05. 

These results are kind relevant, once C. albicans is the most isolated 

specie in Ceará, and C. tropicalis the second one [9]. So, the AgNP open way to 

further studies that may clear the elucidation of the mechanism and suggest new 

alternatives to combat fungal infections, especially in immunodeficient patients. 
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C. albicans and C. tropicalis showed high sensitivity AgNPs, these 

particles showed fungicidal activity as can be seen in Figure 3.5. 

 

Figure 3.5 – Fungicidal activity of AgNP: marked as R (AgNP synthesized by 

ribose), marked as G (AgNP synthesized by glucose – for comparative purposes, 

only) and marked as A (amphotericin B). 

 

Source: author. 

 

 The activity of 80 g of AgNPs in this study can be compared with the 

activity of amphotericin B, a powerful antifungal (Table 2.1). Studies highlight the 

activity with activity of AgNPs against Candida spp [11, 18]. Strains of C. albicans 

were more sensitive the AgNPs than C. tropicalis, as can be seen in Table 3.1.  

The results of the performed test were very good, once it is visually 

possible to see a higher effectiveness action of AgNP when compared to the 

control drug. The halos may be identified at previous Figure when we observe 

the circle regions where there was no fungal growth, what indicates that a 

satisfactory inhibition of growing is present. Even its not described on this work, 

it was used AgNP obtained by glucose as preliminary tests, and these 

nanoparticles had shown activity as well. These results corroborate with literature 

data [19, 20], which the AgNP show effective antimicrobial activity, turning 

themselves into a good choice to avoid these microorganisms. 

It is known that the antifungal may be classified as fungistatic or 

fungicides, which the first inhibits the growing while the second kills the 
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microorganism. Amphotericin B is a fungistatic one. It can be seen that the 

nanoparticles act like a fungicide agent. However, the mechanism of action of the 

AgNP is not yet clear. Even under these circumstances, the AgNP may be used 

to kill microorganism because they do not induce them to develop mechanisms 

of resistance. Hence, it is a very interesting propose to use AgNP in new 

products, such as wound heals, cosmetics, surgery materials and clothing, once 

it avoid the growing of microorganisms by killing them.  

Pant and coworkers [21] performed a study and verified that silver 

nanoparticles shown activity against C. albicans and C. parapsilosis strains. An 

interesting data is that the activity did not get higher with the raising of AgNP 

concentration. 

5 CONCLUSION 

In conclusion, AgNPs were easily prepared and showed high activity 

against C. albicans and C. tropicalis, similar activity observed by antifungal 

amphotericin B and may represent an alternative for treating fungal infections. 
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CHAPTER 4 

ANTIFUNGAL ACTIVITY OF NANOBIOCOMPOSITE FILMS BASED IN 

SILVER NANOPARTICLES OBTAINED BY GREEN SYNTHESIS 
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ABSTRACT 

Agar films containing silver nanoparticles (AgNPs) are materials with many 

applications, especially in food and pharmaceutical industry. In this work, it was 

produced AgNPs by green synthesis, supported into a polymer matrix (Agar film, 

AgFilm) and evaluated the antifungal activity. The AgNPs and AgFilm were 

characterized using Ultraviolet-visible (UV-vis) spectroscopy, Fourier transform 

infrared (FTIR), Dynamic Light Scattering (DLS), Powder X-ray Diffraction 

(PXRD), Scanning Electron Microscopy (SEM) and Atomic Force Microscopic 

(AFM). The AgNPs and AgFilm showed bands at 415 nm and 413 nm, 

respectively. The diameter of AgNPs dispersed in AgFilm and thickness of the 

film was 76.39 ± 41.86 nm and 35.4 ± 3.0 µM (mean ± SD), respectively. The 

antifungal activity of AgFilm was evaluated against 20 strains of Candida 

albicans. It was observed a high antifungal activity against C. albicans with high 

values for zone of inhibition 19.1mm ± 1.8mm (Mean ± SD). This 

nanobicomposite film can be a valuable ally in the treatment of superficial 

infections caused by C. albicans. 

Keywords: Silver nanoparticles; Agar film; Polymer composite; Antifungal 

activity. 

 

  



99 
 

CHAPTER 4 – ANTIFUNGAL ACTIVITY OF NANOBIOCOMPOSITE FILMS 

BASED IN SILVER NANOPARTICLES OBTAINED BY GREEN SYNTHESIS 

1 INTRODUCTION 

New materials, such as those obtained from polymer films, show 

incorporating metal nanoparticles in their arrays. As a result, it is possible to 

design a new product with many different applications: food, chemical and 

biomedical industries [1, 2]. The raw material for the preparation of commercial 

polymer films consists of petroleum oil, which is a non-renewable source. Due to 

it, the interest in the use of natural polymers has increased, among which we can 

mention the agar, gelatin, alginate, pullulan, starch, chitosan and cellulose [3, 4]. 

Several nanoparticles can be associated with polymer films, but stand 

out silver nanoparticles (AgNPs) [5, 6], whose applications are numerous; healing 

dressings, intravenous and urinary catheters, sutures, orthodontic adhesives, 

surgical masks and films for use in the manufacturing industry, pharmaceutical 

and food [7, 8]. Among the various polymers that are associated with AgNPs, one 

of the most used is the agar [9, 10]. Agar is a complex polysaccharide present in 

the cellular wall of red algae, namely, agarophytes [11]. The films containing 

dispersed AgNPs in agar matrix are a subject that arouses interest due to its 

antimicrobial and mechanical properties [12, 13]. 

Skin infections are very common in medical practice and the main 

causative agents are fungi and highlight is given to Candida albicans [14]. These 

polymer films with AgNPs in its constitution can be an alternative to combat the 

skin infections caused by fungi as C. albicans [15]. Thus, the aim of this study 

was to produce AgNPs by a non-toxic methodology and incorporate them into an 

agar film to obtain a nanobiocomposite with antifungal activity against C. albicans. 

  



100 
 

2 EXPERIMENTAL 

2.1 Materials 

Silver nitrate (Dinâmica - São Paulo - Brasil, purity> 99%), sorbitol (Sigma 

USA - purity-98%), agarose (Bio Basic – Canada - purity> 98%), sodium dodecyl 

sulfate (SDS) (Vetec – Brazil - purity> 98%), NaOH (Dinâmica – Brazil -purity> 

98%) were commercial products with analytical grade and used without any 

purification. 

2.2 AgNPs and AgFilm fabrication 

The AgNPs were produced using glucose as reducing agent and SDS as 

stabilizer. 1.0g of glucose, 0.5g of SDS and 500.0 mL of an aqueous solution of 

AgNO3 5 mM were used for production of AgNPs. The method can be described 

briefly: the mixture was maintained at 50 °C for 1 hour with constant stirring and 

to accelerate the reaction, it was added 1.0 mL of NaOH 0.2 mol/L. The reaction 

was considered complete when the solution acquired a yellow color characteristic 

of the colloidal suspension with AgNPs. The Agfilm was obtained after adding 1.5 

g of agarose and 0.5 g of sorbitol in 100.0 mL of the AgNPs suspension at 80 °C 

for 1 hour with constant stirring. After this step, the solution was placed in plastic 

plates. The plates were placed in an oven at 60 °C to complete the drying 

process. AgFilms were removed from the plates and then conducted tests of 

characterization and antifungal activity [9].  

3 CHARACTERIZATION  

3.1 Ultraviolet-visible (UV-Vis) spectroscopy 

To confirm the production of AgNPs, the obtained solution and the AgFilm 

were subjected to UV-vis spectroscopy in the range of 300-700 nm in a 

spectrophotometer Thermo Scientific GENESYS ™ 10s. 

3.2 Size 

The average size of the AgNPs was measured in the colloidal solutions 

using dynamic light scattering (DLS), a non-invasive backscatter technology. The 

measurements were realized at a Zetasizer Nano ZS, Malvern Instruments-UK. 

3.3 Fourier transform infrared (FT-IR) spectroscopy 
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The  FTIR  spectroscopy  measurement  of  AgNPs and AgFilm powder 

taken in  KBr  pellet  was  carried  out  using  a Perkin-Elmer FT-IR Spectrum 

ONE. The spectra were recorded in the wavenumber region of 4000-750 cm-1 at 

resolution setting of 4 cm-1. 

3.4 Powder X-ray diffraction (PXRD) 

The AgNPs and AgFilm were crushed and placed in a glass support 2.5 

cm x 2.5 cm and the diffractogram was measured using Cu-Ka radiation and 

nickel with an energy of 40 kV and 30 mA with scanning 2θ 30°-80°. The samples 

were analyzed in the PAN analytical X-pert Pro MRD (Amsterdam, Netherlands). 

3.5 AgFilm thickness  

The film thickness was measured using a digital caliper (Dial Thickness 

gauge 7301, Mitutoyo, Tokyo, Japan) with accuracy of 0.01 mm. The 

measurements were performed in 20 different parts of the AgFilm.  

3.6 Microscopic features 

Scanning electron microscopy (SEM) was carried out in the electron 

microscope Quanta-450 (FEI) with a field-emission gun (FEG), a 100 mm stage 

and an X-ray detector (model 150, Oxford) for energy-dispersive X-ray 

spectroscopy (EDS). The Atomic Force Microscopy procedures were performed 

using a Multimode Nanoscope IIIa (Bruker, CA, USA), in Tapping Mode (or 

intermittent mode). In this scanning mode, the AFM tip touches the sample 

surface with beats of similar amplitude to the resonance amplitude of the AFM 

cantilever. It was used a rectangular probe model TESPA7 (Veeco) with nominal 

spring constant of k= 20-80 N/m and resonance frequency of 291-326 kHz. The 

scan parameters for the nanoparticles images acquisition were 0.5 Hz of scan 

rate and 512 x 512 lines of resolution. 
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3.7 Antifungal activity of AgFilm 

It were used 20 strains of Candida albicans isolated from patients treated 

in public hospitals of the city of Fortaleza, Ceará, Brazil. To assess the antifungal 

activity of the AgFilm it was used the method of diffusion in agar solid medium 

Muller-Hinton supplemented with 2% glucose and 0.5 ug/mL of methylene blue. 

AgFilm discs were cut to 10 mm in diameter. The solutions of C. albicans were 

prepared and seeded in culture media and then placed the film disks. The plates 

were incubated for a period of 24h to 35 °C. After this time, reading the inhibition 

zones of fungal growth caused by the discs were qualitative and quantitative 

analyzed. The growth inhibition zone was measured from disk center to the edge 

at which fungal growth did not occur [16]. As control were used disks of film in 

which no contained no AgNPs. 

4 RESULTS AND DISCUSSION 

Glucose is an non-toxic and inexpensive reagent sometimes used as 

reduction agent in the reaction for obtaining AgNPs [17]. The synthesis conditions 

of AgNPs can vary and incorporate other elements. In our study, it was used SDS 

as a stabilizer, sodium hydroxide as accelerator, and sorbitol to provide elasticity 

to AgFilm [18, 19]. The inclusion of AgNPs into the film was performed by the ex-

situ method, which consists in adding the as-prepared AgNPs to agar. AgNPs 

bind to the polymer generating a nanostructured film with important biological 

property. When AgNPs are supported within the polymer structure, the ratio of 

aggregation forces between AgNPs and the polymer fibers are modified, Van der 

Waals, electrostatic and magnetic forces now act not only in AgNPs: the polymer 

structure also takes part in this power contest, and this factor may explain the 

aggregation of AgNPs [20]. 

The AgFilm showed uniform appearance – as can be seen at Figure 4.1 

– and presented thickness of 35.4 ± 3.0 µm (mean ± SD). Agar films described in 

the literature have similar thickness, which enables its technological applications 

[2, 9]. The placement of sorbitol in the film preparation protocol has the purpose 

of giving plasticity and strength. The agar films described in the literature do not 

add sorbitol, which make them brittle and difficult to handle [16]. 
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Figure 4.1 – AgFilm. 

 

Source: author. 

 

Figure 4.2 shows UV-visible absorption spectra for AgNPs colloidal 

suspension and AgFilm. The color suspension (yellow) and film (red) indicated 

the presence of nanoparticles, while the strong absorptions at 415 (AgNPs) and 

413 nm (AgFilm), reveals that nanoparticles give a strong surface plasmon band 

in the visible region. In studies with other polymers containing AgNPs were 

observed strong absorption around 420nm [21]. This result is in agreement with 

previous experiments and predictions for spherical silver nanoparticles with a 

mean particle size below 20 nm [22, 23]. The particle size could also to be related 

with the intensity and full width half maximum (FWHM) of the plasmon band [22, 

23]. It can be observed in Figure 4.2 that FWHM values for nanoparticles 

supported in the films (162 nm) were higher than in suspension (83 nm). This 

increase in the FWHM can be related with the particle growth [22, 23]. The 
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increase of the nanoparticle happened due to the film production: thermal 

treatment (80 °C/1h) of the AgNPs and the drying process. In addition, it is 

important to note that the polymeric chains of agar film may have attenuated the 

signal absorption, leading to an incoherent interpretation. Thus, other 

characterizations were made in this study to clarify this result. 

 

Figure 4.2 – UV-Vis spectroscopy of AgNP and AgFilm. 

 

Source: author. 

 

In Figure 4.3 it is shown the particle size distribution of the AgNPs in the 

suspension analyzed by DLS. It was found the value of 76.39 ± 41.86 (mean ± 

SD), with a polydispersity index (PDI) of 0.180 which shows AgNP monodisperse. 

In a study with nano-bioconjugates was found a single population of AgNP as 

revealed by DLS analysis in the size range of 20–40 nm [24]. DLS reading was 

also taken to corroborate with the spectroscopic and microscopic findings [25]. 

Actually, this value represents the hydrodynamic diameter of the particle and is 

calculated assuming isotropic spherical particle. 
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Figure 4.3 – DLS. 

 

Source: author. 

 

The FT-IR of AgNPs and AgFilm can be observed in Figure 4.4. The 

intensity of the stretching and deformation associated with the methyl groups are 

shown in 2,918 cm-1 and 2,851 cm-1 in AgNPs and AgFilm. The bands in the 

AgNPs suspension are due to the groups (-C-H) from SDS, used in the production 

of these particles, in order to stabilize them. The SDS has a long saturated and 

unbranched carbon chain, which has 14 carbons in their structure. Bands are 

intensified too in the film because of the groups (-C-H) of the polymer matrix 

(agar), that add up to the SDS and increase the presence of groups (-C-H) [26]. 

The bands observed at 1,215 cm-1 and 1,017 cm-1 are associated with symmetric 

and asymmetric stretch of sulfonated groups (-SO4) SDS, respectively [20]. 

Bands at 3,387 cm-1 from the AgFilm and 3,312 cm-1 of AgNPs can be attributed 

to the hydroxyl group stretching vibrations [22]. We observed that in AgNPs they 

are more intense, which could be explained by incomplete drying. In addition, we 

can see that there was a change in the intensities of the bands of the film and 

AgNPs. This is a suggestive factor that occurred chemical bond between the agar 

matrix polymer and AgNPs [9, 16] 
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Figure 4.4 – FTIR spectroscopy. 

 

Source: author. 

 

In Figure 4.5 the diffraction angles (2θ) are shown in silver, 38.2°, 44.4°, 

64.6° and 77.5° which correspond to planes (111), (200), (220) and (311), 

respectively. These diffraction peaks show that AgNPs in AgFilm presented 

structure face-centered cubic (fcc) (JCPDS 65-2871) and occurs in nature in 

crystalline form and this finding was seen in AgNPs. It is possible to observe the 

Bragg reflections (200), (220) and (311) are weaker and wider than the reflection 

(111). This finding indicates that the crystal showed growth in a preferential 

direction (111), which is common in polymeric films [21, 27]. It was observed in 

AgFilm a baseline with several unidentified peaks that are due to the amorphous 

material present in the agar mainly galactose residues, which are the constituent 

units of the agar [13]. 
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Figure 4.5 – XRD. 

 

Source: author. 
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The morphology of the AgNPs in polymer matrix was determined using 

SEM and AFM. Figures 4.6a, 4.7a and 4.7b show that these particles had 

spherical form and distributed throughout the surface of AgFilm. Figure 4.7b 

shows a three-dimensional aspect of the film (topographic mode), confirming the 

presence of different phases and characterizing the AgNPs dispersed in the 

polymer matrix of the AgFilm [28]. In Figure 4.6 it can be observed EDX spectrum 

of the AgFilm in which the silver is about 3.0 keV, as described in the literature 

[29]. The EDX confirms the existence of AgNPs in the AgFilm [4]. The 

composition of the AgFilm showed various constituents with carbon as main 

component, and showed a silver content of 39.49%. The other constituents are 

oxygen, sulfur, and sodium chloride all in smaller amount. The origin of these 

elements are due to materials used in the production of AgNPs and AgFilms. 

Sulfur (S) is derived of the SDS and agarose which is a sulfated polymer, Na and 

Cl are present in the reagents. 

Histograms size distribution of particles for the AgFilm were constructed 

starting from the SEM and AFM images. SEM showed particles with sizes of 

87.09 nm ± 28.11 (mean ± SD) as shown at Figure 4.6c and AFM images showed 

particles with size of 78.18 nm ± 30.65 (mean ± SD) as shown at Figure 4.7c. The 

sizes of AgNPs found in the AgFilm are in agreement when compared by different 

techniques: DLS, AFM and SEM. In the SEM and AFM images, we can see 

agglomerates formed during the drying process of the AgFilm. These clusters 

could explain the high standard deviations found in the histograms of AgNPs – 

Figures 4.6c and 4.7c. These clusters are important for the antifungal action, for 

extending release of the polymeric matrix AgNPs [30]. 
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Figure 4.6 – SEM of AgFilm (a), EDX of AgFilm (b) and histogram for AgNP base on SEM (c). 

 

(a) 

 

(b) 

 

(c) 

Source: author. 
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Figure 4.7 – AgFilm AFM (a), AgFilm AFM on topographic mode (b) and histogram for AgNP based on AFM. 

 

(a) 

 

(b) 

 

(c) 

   

Source: author. 
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The antifungal activity of the AgFilm was assessed and the results are 

shown in Figure 4.8. Twenty samples of C. albicans were tested and we found 

that there was formation of a zone of inhibition of 19.1mm ± 1.8mm (Mean ± SD) 

– as can be seen at Figure 4.8c. The antibacterial and antifungal activity of silver-

containing films has been demonstrated in previous work [28]. However, the 

number of strains used usually comes down to a strain in our study. It was used 

20 C. albicans and obtained excellent results [31]. The antifungal activity of 

AgNPs against C. albicans may be due to inhibition of budding process carrying 

the destruction of the integrity of the plasma membrane, which would cause the 

death of the fungus. We can observe a zone around the disk in which the film had 

no fungal growth in Fig. 4.8a and 4.8b. Gels with AgNPs are useful against fungi 

and bacteria, and can be an aid to combat these microorganisms [13]. C. albicans 

is an opportunistic fungal responsible for many types of skin lesions and agar film 

with active AgNPs can be used in bandages to prevent and aid in the treatment 

of these infections in burned patients and diabetics who are very vulnerable to 

action of the bacteria and fungi [32]. Our results showed high antifungal activity 

of films prepared and can be of great use in the food and pharmaceutical industry. 
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Figure 4.8 – Halos around AgFilm (a) and (b) and halo measurement average (c). 

 

(a) 

 

(b) 

 

 

(c) 

  

Source: author. 

5 CONCLUSION 

The AgFilm was able to retain the AgNPs in its structure. Also, it showed 

good thickness, transparency and resistance. Preliminary results of antifungal 

action of nanostructured films with AgNPs indicate that they can be an invaluable 

ally in the treatment of skin infections caused by C. albicans, and can be used as 

dressing and covers in wound care. 
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ABSTRACT 

This study was performed to verify the stability, physicochemical properties and 

antibacterial activity of a gel functionalized with silver nanoparticles (AgNPs) 

obtained by green synthesis. Three formulations of Gel-AgNP were made: 0.5, 

1.0 and 2.0% of AgNPs. The gel is skin-compatible and had shown interesting 

rheological properties, assuming a pseudoplastic profile. In addition, the stability 

of the gel was obtained and it was extremely satisfactory for six months. The 

antibacterial activity was performed against various Gram-positive and Gram-

negative bacterias (Escherichia coli, Pseudomonas aeruginosa and 

Staphylococcus aureus), showing satisfactory results for 1.0 and 2.0% AgNPs 

gels trough well-diffusion technique. The AgNPs gel could provide an alternative 

to conventional antibacterial formulations (topical use) for veterinary or human 

applications. 

 

Keywords: Silver nanoparticles; Carbomer gel; Green synthesis; Antibacterial 

activity 
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CHAPTER 5 – GREEN SYNTHESIZED SILVER NANOPARTICLES: 

DEVELOPMENT OF GEL, ANTIBACTERIAL ACTIVITY AND STABILITY 

STUDIES 

1 INTRODUCTION 

 

Due to the emergency and the raising of multi-resistant microorganisms, 

many researches have been performed to achieve a viable alternative in 

treatment of patients infected by those pathogens. In this sense, silver 

nanoparticles – AgNPs – has been used as paint with antibacterial properties [1], 

wound dressing, also with anti-inflammatory and antimicrobial properties [2-4], 

cosmetic industries [5] and large use as growth controlling antimicrobial [6-11]. 

Once the new antibiotics demand a lot of time and money to be developed, and 

still there is the risk of the inefficacy of them, even if they are newly released, 

because the microorganism may previously develop resistance to them [12, 13]. 

Antiseptics silver-based have been largely employed due to its large spectrum of 

activity against microorganisms and low resistance-inducing of them, when 

compared to antibiotics [14]. 

The activity of silver salts against bacteria has been reported since the 

old ages [15] and the silver is used, nowadays, to control the growth of bacteria 

in a large scale of applications, such as dental works, catheters and burns [16, 

17]. Silver ions and compounds containing silver are, actually, extremely toxic to 

microorganisms, showing biocides effects in lot of bacteria [18]. Aymonier and 

co-workers [19] published a work showing functionalized AgNPs with amphiphilic 

macromolecules associated to antimicrobials as capping agents. AgNPs show 

more intensive activity against microorganisms than their ions and salts of silver 

[20-23]. Beyond the activity against bacteria and viruses [18, 22, 24, 25], these 

nanoparticles had been used also to treat immunologic and inflammatory 

disorders [26]. They are also targets of researches due to its unique 

physicochemical properties, such as catalytic activities, optic and electronic 

properties, antimicrobial activity and magnetic properties [27-29]. Among metallic 

nanoparticles, the silver are the ones that show the best bacteriostatic and 

bactericide effects [28]. Due to these reasons, the research concerning AgNPs 

had increased on the last years [30, 31]. 
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According the resistance of microorganism to currently available 

antibiotics, AgNPs show themselves as a new and effective alternative to combat 

pathogens, once its use does not induce the resistance, even its mechanisms are 

not elucidated yet. A viable alternative would be using silver as synergic agent to 

the antibiotics, however, this alternative needs more studies and data [32, 33].  

Here, we discuss the synthesis and characterization of AgNPs stabilized 

colloidal suspension to be used in a gel formulation for topical application. We 

also investigated the gel stability up to 6 months and the antibacterial activity. 

Jadhav and coworkers [34] produced a functionalized gel with AgNPs to treat 

infections in burns. These nanoparticles were obtained by green synthesis with 

an aqueous extract of Ammania baccifera. Similar to our work, this author used 

carbomer 934 as gelling agent. This product was very effective against 

Pseudomonas aeruginosa and Staphylococcus aureus. Another work [35] reports 

AgNPs as antimicrobial agent into a gel matrix for topical use. The antimicrobial 

activity was observed against fungi and bacteria, and satisfactory results were 

obtained. Also, Pérez and coworkers developed a chitosan gel functionalized with 

AgNPs and verified the cytotoxicity over human fibroblasts, showing a significant 

biocompatibility on their research [36].  

 

2 EXPERIMENTAL 

2.1 Materials 

The chemical reagents for this study were carbomer 940 (Quimica, São 

Paulo, Brazil), sodium carboxymethylcellulose (CMC) (Quimica, São Paulo, 

Brazil), silver sulfadiazine (Silvestre Laboratory, Rio de Janeiro, Brazil), 

Trietanolamine (BASF, São Paulo, Brazil), silver nitrate from (Dinâmica, São 

Paulo, Brazil), ribose (Sigma-Aldrich, São Paulo, Brazil), sodium citrate (Neon, 

São Paulo, Brazil) and propylene glycol (Mapric, São Paulo, Brazil). All chemicals 

were used without further purification.  
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2.2 Methods 

2.2.1 Synthesis and functionalization of AgNPs 

AgNPs were synthetized starting from AgNO3 0.1mM solutions. The 

reduction of Ag+ ions was performed by 1.0g of ribose, and 0.5g of sodium citrate 

were used as stabilizer agent, see step in Figure 5.1a. The temperatures of 

synthesis were 60, 80 and 100 ºC during 10 minutes in each sample (AgRC-01, 

AgRC-02 and AgRC-03, respectively). Then, after the procedure of synthesis, the 

solution was centrifuged by 20 minutes at 10000rpm, as shown at Figure 5.1b 

and 5.1c. The centrifuged fluid was then transferred to a vial – Figure 5.1d – and 

stored at a freezer, 5ºC untill its use. The gels – Figure 5.1e – were made with 

AgNPs using 0.5, 1.0 and 2.0% w/w. 

 

Figure 5.1 – Obtaining the gel functionalized with silver nanoparticles.

 

Source: author. 
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2.2.2 AgNPs characterization 

AgNPs were identified by UV-VIS spectroscopy through a GENESYS 

10S UV-Vis spectrophotometer. The absorption band near 400nm is a 

characteristic pattern of AgNPs. 

A Rigaku (Tokyo, Japan) X-ray powder diffractometer operating on 40 

kV/30 mA with a Cu-KI tube ( = 1.54056 Å) was used to obtain the X-ray 

diffraction pattern of the AgNPs. The diffraction patterns were carried out using 

Bragg-Brentano geometry in continuous mode with speed of 1°/min and step size 

of 0.02° (2) in the angular range 20–80° (2). 1.0mL of the AgNPs suspensions 

was dried at plates of glass under a temperature of 60 ºC and the measure was 

done on the film surface. 

The scanning electron micrography (SEM) was performed at an 

INSPECT 50 SEM with EDS/EBSD and lithography. 

 

2.2.3 Formulation of AgNPs based gel.  

Definite amount of CMC and carbomer 940 were dissolved in deionized 

water, mixed using Omni Mixer Homogenizer (Model M50) and agitated for 30 

min. Propylene glycol was added to the mixture and agitated for additional 10 

min. The dispersion was then allowed to hydrate and swell for 60 min. The pH of 

the neutralized sample was then measured. The carbopol dispersion was then 

neutralized with 98% trietanolamine until the desired pH value of 6.0. During 

neutralization, the mixture was stirred gently with a spatula until homogeneous 

gel was formed. AgNPs from AgRC-03 were selected to add in three different 

concentrations (0.5, 1.0 and 2.0% w/w). These gel formulations were packaged 

under sterile conditions, labeled with appropriate details and stored at room 

temperature for further use. This last procedure were illustrated at Figure 5.1e 

and 5.1f. 

 

2.2.4 Antibacterial activity 

Gel silver nanoparticles (Gel-AgNP) in three different concentrations 0.5, 

1.0 and 2.0% w/w were tested for antibacterial activity as method suggested by 

Srinivasulu et al. [37] using various Gram-positive and Gram-negative bacteria 
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(Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus) by the agar 

well-diffusion method. Approximately, 20 mL of nutrient agar medium was poured 

into sterilized petri-dishes. The bacterial test organisms were grown in nutrient 

broth for 24 h. A 100 μL nutrient broth culture of each bacterial organism (1 × 105 

CFU ml−1) was used to prepare bacterial lawns. Agar wells of 8 mm diameter 

were prepared with the sterilized stainless steel cork borer. The wells were loaded 

with 60 μL of Gel-AgNP, 60 μL of culture with gel without AgNPs as a negative 

control, along with 60 μL of 1.0% silver sulfadiazine as a positive control. The 

plates were incubated at 37 °C for 24 h and then were examined for the presence 

of zones of inhibition. 

 

2.2.5 Stability evaluation 

The experimental protocol was based on the ICH guideline Stability 

Testing of new Drug Substances and Products [38]. Three batches of the 

formulation were produced under similar conditions and were then stored at room 

temperature (real-time, 25 ± 2°C / 60RH ± 5% humidity) for 6 months and 

submitted to accelerated aging for 90 days (oven at 40±2°C / 75RH ± 5% 

humidity). The stability of the formulation was defined by samples analysis 

without significant changes in parameters physicochemical. The stability samples 

(n=3) were taken for analysis at the end of the following time periods: 30, 60, 90 

and 180 days.  

The apparent viscosity and rheological profile were evaluated using a 

Brookfield R/S –CC+ rotational viscometer ® equipped with V3 40/20 spindle. 

The pH was controlled using a potentiometric method (pH meter Metrohm ® pH 

Meter 744, glass electrode).  
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3 RESULTS AND DISCUSSION 

3.1 AgNPs characterization 

The AgNPs used in this work were obtained from non-toxic reactants, 

which endorses its use as a component in skin-compatible gels, once only ribose 

(sugar) and sodium citrate (capping agent in water) are used in this synthesis.  

UV-Vis spectroscopy had shown as an excellent technique to 

characterize AgNPs. The characteristic band with max= 420nm is an indicative of 

its formation and is called plasmon band, which works as a fingerprint to this type 

of product [39-42]. The absorption bands of the three different methods of 

synthesis of AgNPs are shown in Figure 5.2.  

 

Figure 5.2 – UV–VIS absorption spectra of AgNPs. 

 

Source: author. 

 

It can be observed that the raising of temperature contributes to more 

monodisperses nanoparticles, according to the profile of the spectrum.  

Figure 5.3 shows the XRPD patterns of the AgNPs samples (AgRC-01, 

AgRC-02 and AgRC-03). This technique complements the UV-Vis spectroscopy, 
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showing the silver phases. As verified in other works [42-45], the diffractogram is 

characteristic of metallic silver (JCPDS-04-0783) with cubic phase and space 

group Fm3m.  

 

Figure 5.3 – XRPD patterns of the AgNPs and diffraction peaks from JCPDS (04-

0783) used for identification and comparison. 

 

Source: author. 

 

AgNPs samples were dried and weighted. Then, in each one of the plates 

were droped 1.0mL of silver nanoparticles solution and then warmed up to 100ºC 

to evaporate the solvent. The residual on the plates were then wighed and each 

sample had shown the following values: 6.7mg (AgRC-01); 6.6mg (AgRC-02) and 

6.7mg (AgRC-03). This empiric method gives a reasonable estimative of how 

much silver exists in each sample. After this determination, the solution were then 

diluted to 4.0 g/L solutions to be used at antimicrobial tests.  

Figure 5.4a and 5.4b show the micrographs of the sample AgRC-3 at an 

amplification of 100,000X (a) and 238,000X (b), respectively. As it can be seen, 

AgNPs show a spheric morphology as predominant geometry, even that others 

types of particles are present, such as prismatic and as rod particles – Figure 
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5.4b. Finally, the histogram is shown at Figure 5.4c. The distrubution of AgNPs 

shows the frequency and range of different sizes of the particles obtained by the 

synthesis. This results corroborates the literature [46-50] that shows the 

predominance of spheric silver nanoparticles when the plasmon bands are 

assigned to the region of 400 nm. 

Figure 5.4 – SEM image of the AgRC-03 at an amplification of 100,000X(a) and 

238,000X (b) and size distribution histogram (c). 

 
(a) 

 
(b) 

 

 

(c) 

Source: author. 

 

3.2 AgNPs based gel and properties 

Figures 5.5a, 5.5b and 5.5c present the results of rheological analyses 

for formulated gel samples.  
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Figure 5.5 – Shear stress (a), viscosity x deformation (b) and viscosity x time 

(c). 

 

(a) 

 

(b) 
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(c) 

Source: author. 

 

Gel-AgNP 0.5%, Gel-AgNP 1% and Gel-AgNP 2% had shown apparently 

mean viscosity as 1.8357Pas, 3.6840Pas and 3.3636Pas, respectively. These 

values may be influenced by morphology, concentration and interaction of the 

AgNPs with the gel. Due to its high superficial area, AgNPs show a high tendency 

to aggregate to minimize the total energy of system, which involves both attractive 

and repulsive forces [51]. The surface charges may offer physical stability to the 

system, avoiding the agglomeration of nanoparticles through electrostatic 

repulsion [52]. These charges had been also explored to improve the interaction 

between nanoparticles and skin [53, 54].  According to the obtained data, these 

forces cause the changing at viscosity of the gel samples. Here, all the samples 

possess a pseudoplastic profile. Pseudoplastic materials have the apparent 

viscosity decreased according as the deformation rate increases. So, it cannot 

be expressed through anisolated number [55]. The deformation rate is also 

function of shear (shown in Figure 5(a)) [56]. It was verified that all gels showed 

a distinction between the ascendant and descendant curves. This effect shows 

that the fluid is independent of the time and the hysteresis between the curves is 

an indicative of thixotropic behavior [57]. This profile is high viable to the gels, 

because they deform during application, what makes easy the spreading, but the 
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viscosity returns to its original value when the process is over. Then, the product 

cannot drain [58]. 

The physicochemical properties for formulated gel with 1.0% (Gel-

AgNP1.0%) and 2.0% (Gel-AgNP2.0%) are presented in the Tables 5.1 and 5.2, 

with the variation of pH along 2 and 6 months, respectively, when the gels were 

stored at 25ºC/60%RH and 40ºC/75%RH. The produced gel was transparent, 

light brown, uniform in appearance and without smell after fabrication. The pH 

value was 5.8 ± 0.05 (n=6), which is a physiologically acceptable. The 0.5% Gel-

AgNP did not show antimicrobial properties, so its further physicochemical 

analysis was not performed. 

 

Table 5.1 – Physicochemical characteristics of 1.0% and 2.0% Gel-AgNP stored 

at 25ºC /60%RH. 

Gel-AgNP 25ºC /60%RH 

Months Color  Smell/Odor  Appearance  pH a,b 

 1% 2%  1% 2%  1% 2%  1% 2% 
0 NC NC  NC NC  NC NC  5.8±0.4 5.8±0.6 
1 NC NC  NC NC  NC NC  5.9±0.25 5.8±0.4 
2 NC NC  NC NC  NC NC  5.7±0.1 5.8±0.4 
3 NC NC  NC NC  NC NC  5.8±0.08 6.1±0.5 
6 NC NC  NC NC  NC NC  6.0±0.3 6.1±0.8 

a= Mean ± SD, n =3, b= statistically significant difference vs. time zero= p = 
0.003 NC= Not change. 

 

Table 5.2 –Physicochemical characteristics of 1.0% and 2.0% AgNP gel stored 

at 40ºC /75%RH. 

 Gel-AgNP 40ºC/75% RH  

Months  Color  Smell/Odor  Appearance  pH a,b 

0  NC  NC  NC  5.8±0.4 
1  Dark Brown  NC  PPT  6.4±1.5 
2  Dark Brown  NC  PPT  7.2±1.8 
3  Dark Brown  NC  PPT  7.6 ± 0.8 

a= Mean ± SD, n =3, b= statistically significant difference vs. time zero, p = 
0.003. 

 

The stability evaluation of gel containing AgNPs (1.0% and 2.0%) 

subjected to accelerated stability conditions exhibited excellent stability with 

respect to AgNPs concentration, except at 40ºC/75% relative humidity (RH), as 

shown in Table 5.3. 
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Table 5.3 – Chemical stability of AgNP gel (1.0 and 2.0%) during stability 
testing AgNPs content (%)a. 

 

 Gel-AgNP 1% Gel-AgNP 2% 

Months 25ºC /60%RH 40ºC/75% RH 25ºC /60%RH 40ºC/75% RH 

0 100.0% 100.0% 100.0% 100.0% 
1 99.8±0,2 96 ±0,8 99.2±0.08 93 ±1,5 
2 99.5±0,5 92.1± 1.5 98.7±0.2 90.1± 1.1 
3 98.9±0.1 87.2± 1.2 97.5±0.1 82.7± 0.5b 
4 98.1±0.2  97.1±0.8  
5 98.9±1.5  96.5±1.6  
6 98.6±0,7  95.6±0.5  

a= Mean ± SD, n =3, b= statistically significant difference vs. time zero= p = 0.003.  

 

 The AgNPs assay values for the 1.0% AgNP gel sample stored at 25ºC 

/60%RH were found to range between 100.0 and 98.6 % after 1, 2, 3, 4, 5 and 6 

months of storage. This results indicating that the 1.0% AgNP gel is stable at 

25%/60RH. However, the assay values for the Gel-AgNP samples stored at 

40ºC/75% RH were 96 ±0,8, 92.1± 1.5 and 87.2± 1.5 after 1,2 and 3 moths, 

respectively, indicating loss of SN after three months, this mean that after three 

months of stability study at 40ºC/75% RH, the Gel-AgNP 1% is not stable. For 

Gel-AgNP 2% sample stored at 25ºC /60%RH was found to range between 100.0 

and 95.6% after 1, 2, 3, 4, 5 and 6 months of storage and compared to the initial 

value 100.0% the observed differences in assay values not statistically 

significant, indicating that the Gel-AgNP 2% is stable at 25%/60RH. However, 

these values for the gel samples stored at 40ºC/75% RH were 93 ±1,5, 90.1± 

1and 82.7± 0.5 after 1, 2 and 3 moths, respectively, indicating loss of AgNPs after 

three months. The results are plotted at Figure 5.6a and 5.6b, respectively. 
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Figure 5.6 – Chemical stability of AgNP during the stability testing of gel (1 and 

2%) at 25°C (a) and 40°C (b). 

 

(a) 

 

(b) 

Source: author. 

  



132 
 

Silver has been used since time immemorial in the form of metallic silver, 

silver nitrate, silver sulfadiazine for the treatment of burns, wounds and several 

bacterial infections. However, due to the emergence of several antibiotics the use 

of these silver compounds has been declined remarkably. Silver in the form of 

AgNPs has made a remarkable comeback as a potential antimicrobial agent and 

proved to be most effective as it has good antimicrobial efficacy against bacteria, 

viruses and other eukaryotic micro-organisms [21]. The use of silver 

nanoparticles is also important, as several pathogenic bacteria have developed 

resistance against various antibiotics. For this reason, the antibacterial activity of 

Gel-AgNP was investigated against various pathogenic Gram-positive and Gram-

negative bacteria, like Staphylococcus aureus (Figure 5.7a), Escherichia coli 

(Figure 5.7b) and Pseudomonas aeruginosa (Figure 5.7c) and. The highest 

antimicrobial activity was observed against, E. coli (negative), P. aeruginosa and 

S. aureus for gel samples with 1 and 2% concentrations of AgNPs. Not found 

antimicrobial activity for the gel 0,5% of silver nanoparticles to E. coli and P. 

aeruginosa. The Gram negative bacteria E. coli and P. aeruginosa were less 

sensitive to Gel - AgNp with 0,5% compared with S. aureus. This result was 

similar to those found by Sondi and Salopek-Sondi [59] This can be explain due 

to the characteristics of certain bacterial species. The tests are shown in Figures 

5.7a and 5.7b. Feng et al. [60] reported the mechanism of AgNPs action and used 

E. coli and S. aureus as model organisms. The nanoparticles get attached to the 

cell membrane and also penetrate inside the bacteria. The bacterial membrane 

contains sulfur-containing proteins and the AgNPs interact with these proteins in 

the cell as well as with the phosphorus-containing compounds like DNA. 

Nanoparticles preferably attack the respiratory chain, cell division finally leading 

to cell death. Silver nanoparticles had emerged up with diverse medical 

applications in silver-based dressings [61]. 
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Figure 5.7– (a) Antibacterial activity against Staphylococcus aureus for 0.5% 

AgNP gel (marked as 1), 1.0% AgNP gel (marked as 2), 2.0% AgNP gel (marked 

as 3) and 1.0% silver sulfadiazine (marked as 4). (b) Antibacterial activity against 

Escherichia coli for gel without AgNPs (marked as 5), 1.0% silver sulfadiazine 

(marked as 6), 2.0% AgNP gel (marked as 7) and 1.0% AgNP gel (marked as 8). 

(c) Antibacterial activity against Pseudomonas aeruginosa for 0.5% AgNP gel 

(marked as 9), 1.0% AgNP gel (marked as 10), 2.0% AgNP gel (marked as 11) 

and 1.0% silver sulfadiazine (marked as 12). 

 

 

(a) 

 

(b) 
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(c) 

Source: author. 

 

4 CONCLUSION 

The gel functionalized with silver nanoparticles (1.0 and 2.0%) had shown 

effective action against the strains of related bacteria on this work. These results 

sign for a further study, investigating its activity at higher concentrations, for 

example. The physicochemical properties had shown the skin compatibility (pH) 

of the formulations, nicer odor and color, such as the rheological behavior is 

satisfactory. About the stability, the formulations had shown a good profile for 

25ºC/60ºRH for six months.  
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CHAPTER 6 – ASSOCIATION BETWEEN SILVER NANOPARTICLES AND 

ITRACONAZOLE: PROPOSAL FOR A DELIVERY SYSTEM OF 

ANTIFUNGAL. 

1 INTRODUCTION 

Infections caused by Candida spp, are causes of death in several 

countries and the treatment of these infections is still quite limited, because there 

are few drugs available for the treatment [1, 2], and the main species involved 

are C. albicans, C. tropicalis and C. parapsilosis [3]. C. parapsilosis is an 

emerging specie in Latin America, surpassed only by C. albicans. A high rate of 

infection was observed in pediatric patients [4].   

Itraconazole (ITR) is an antifungal agent that belongs to the second 

generation of azoles, such as triazole, which has broad spectrum, however, has 

low aqueous solubility at room temperature [5]. This low solubility limits its use, 

and pharmaceutical forms containing ITR are few in number which hinders the 

treatment of elderly patients, children, infants and those severely ill [6]. The 

challenge is to develop pharmaceutical formulations of ITR without modifying its 

antifungal activity [7]. 

Nanotechnology has the potential to revolutionize medical treatment, 

formulating drugs or vehicles more efficient and less toxic, using this new 

technological tool. It can solve problems such as low solubility of drugs, low 

bioavailability and thus make safer drugs and to even more affordable and 

accessible to the most needy populations around the world [8, 9]. 

Silver nanoparticles (AgNPs) are synthesized in various ways. The 

chemical remains being the most known and investigated, among various 

applications stand out the antifungal activity [10-12]. AgNPs in solution are 

usually unstable and require capping agent to stabilize and one of the most used 

is the sodium dodecyl sulfate (SDS). This agent can increase the microbial 

activity of AgNPs [13]. SDS is a compound having a long carbon chain (12 carbon 

atoms), unsaturated, unbranched and associated with a polar head, this structure 

could aid in the solubilization of the ITR and function as a sustained release 

system of this antifungal. The objective of this study was to characterize and 

evaluate the association of AgNPs and ITR as a delivery system for antifungal 

against Candida parapsilosis strains. 
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2 EXPERIMENTAL 

2.1 Materials 

Silver nitrate (Dinâmica, São Paulo, Brasil), Sodium dodecyl sulfate 

(SDS) (Dinâmica, São Paulo, Brasil), itraconazole (Jassen-Cilag, São Paulo, 

Brasil), Mueller-Hinton agar (Himedia, India) and Methylene blue (Dinâmica, São 

Paulo, Brasil) were used according to the manufacturer’s instructions. 

 

2.2 Methods 

2.2.1 Synthesis of AgNPs 

AgNPs were produced using glucose as a reducing agent and SDS as 

stabilizer. For the production of AgNPs, 1.0g of glucose and 0.5g of SDS were 

used. The reagents were weighed and dissolved in 500 mL of 5.0 mM AgNO3 

solution. The reaction was accelerated by adding 1.0 mL of 0.2 mol L-1 NaOH. 

The mixture was heated to 50°C and maintained at this temperature for 30 min 

under constant agitation. When the pale yellow solution appears, it is an indicative 

that the reaction was successful. Then, the AgNPs produced were precipitated in 

a HIMAC CS150NX ultracentrifuge at 10,000 rpm for 20 min. After each step, the 

AgNPs were washed three times with distilled water and stored in refrigerator 

until get ready to use. 

 

2.2.2 Association of AgNPs with Itraconazole 

The association of AgNPs with ITR was made by following: 50 mL of 

centrifuged AgNP solution was mixture with 2.0 mL and 3.0 mL of ITR (80 g mL-

1), respectively. After this dilution, the solution was stirred during 120 minutes 

over 200 rpm under room temperature (25 ºC), according to Zhenquan et al 

methodology [14]. As control, solutions with AgNP only and ITR only were 

submitted to the same procedure and conditions. 
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2.2.3 Antifungal activity of AgNPs + ITR 

 

There were used 50 strains of Candida parapsilosis on this work. These 

strains belong to the collection of strains of the Laboratório de Microbiologia de 

Leveduras from Departamento de Análises Clínicas e Toxicológicas from 

Faculdade de Farmácia of Universidade Federal do Ceará, and were purified and 

identified in agar potato medium and chromogenic medium. The antifungal 

activity of system was evaluated by diffusion method in Mueller-Hinton medium, 

added of glucose 2% and methylene blue 0.05%. In each plate was seeded a 

strain, and after this it was made a 6.0 mm diameter orifice on the medium. In 

each orifice was added 100 L of the solutions: 1 – Itraconazole 3.2 g mL-1; 2 – 

Centrifuged AgNP; 3 – Itraconazole 4.8 g mL-1; 4 – AgNPs + Itraconazole 3.2 

g mL-1; 5 – AgNPs + Itraconazole 4.8 g mL-1 and 6 – Itraconazole 80 g mL-1. 

The plates were incubated during 24 hours under 35 ºC temperature. After this 

period, the inhibition zones around the orifice were measured [10].  

 

2.2.4 Statistic data 

The average of zones of antifungal activity of systems with Itraconazole 

3.2 g mL-1 and 4.8 g mL-1 were compared to the centrifuged AgNP by using 

the t student test, being statistically significant when p<0.05. 

 

2.3 Characterization  

2.3.1 UV-Vis spectroscopy 

AgNPs absorb light around the 420 nm wavelength, and absorption of 

the particles was measured in the UV-Visible range of 300-700 nm in a Thermo 

Scientific GENESYS™ 10s spectrophotometer.  
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2.3.2 Infrared spectroscopy 

As the surface of the AgNPs shows interaction with the SDS, this 

interaction was observed by Fourier Transform Infrared Spectroscopy (FT-IR) 

using KBr pellets. These measurements were taken on a Perkin-Elmer FT-IR 

Spectrum ONE spectrophotometer, in the range of 4000-500 cm-1 with a 

resolution of 4 cm-1. 

 

2.3.3 X-ray diffraction spectroscopy  

The pattern of X-ray powder diffraction (XRPD) measurements was 

carried out with AgNPs in order to determine the crystallinity thereof. These 

samples were oven-dried at 60°C and analysed on a PAN X-Pert Pro MRD 

(Amsterdam, Netherlands). The pure sample of AgNPs was placed in a 2.5 cm x 

2.5 cm glass support and the diffractogram was measured using Cu-Ka and 

nickel radiation with an energy of 40 kV and 30 mA with scanning (2θ) from 30° 

to 80° [15].  

 

2.3.4 Dynamic light scattering  

Dynamic light scattering (DLS) was used to monitor aggregation and size 

of the particles in the Nanozetasizer (Malvern, United States). 

 

2.3.5 Scanning electron microscopy 

AgNPs morphology was obtained by Scanning Electron Microscopy 

(SEM) using the electron microscope Quanta-450 (FEI) with a field-emission gun 

(FEG), a 100 mm stage and an X-ray detector (model 150, Oxford) for energy-

dispersive X-ray spectroscopy (EDX), from Central Analítica – Departamento de 

Física from Universidade Federal do Ceará, Campus do Pici. The compositional 

map was performed to determine the presence of silver on its constitution (AgNPs 

+ ITR). 
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3 RESULTS AND DISCUSSION 

Nanotechnology may contribute in a decisive way on treatment of some 

human illness. The possibility to utilize these structures as drug carriers may 

create new systems of prolonged drug delivery, as well as may be used as 

contrast agents, and then reduce the side effects associated to those medicine 

[16]. The UV-Vis specter of the AgNPs as well as the system AgNPs + ITR may 

be observed at Figure 6.1 below.  

 
Figure 6.1 – UV-Vis spectrum 

 

Source: author. 
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The absorption band of AgNPs is present and shows itself with a 

maximum of absorption in 430 nm, which is characteristic of plasmon band for 

silver nanoparticles [17]. Other bands are observed with a discreet bathochromic 

displacement to 422 nm and 424 nm, respectively to the systems containing 

AgNPs and ITR with 3.2 and 4.8 g mL-1. This displacement may be an indicative 

of conjugation, according to Kumar and co-workers [18]. The graphic marked with 

black refers to ITR, which had shown no absorption. 

Also, the UV-Vis technique is really valuable to monitor and investigate 

the process of growing of nanoparticles, and is important to know that the 

changes on experimental absorption are due to modifications in size or 

concentration of particles in solution [19]. 

The size of the system was evaluated by the dynamic light scattering 

(DLS), as can be seen at Figure 6.2a, 6.2b and 6.2c. It is possible to observe that 

there was no considerable change into the size of the particles. 

 

Figure 6.2 – DLS of nanoparticles showing (a) centrifuged AgNPs, (b) AgNPs + 

Itraconazole 3.2 µg mL-1 and (c) AgNPs + Itraconazole 4.8 µg mL-1. 

 

(a) 
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(b) 

 

 

(c) 

Source: author. 
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The centrifuged AgNPs had an average size of 88.81 ± 40.64 nm, while 

the particles of system AgNPs + ITR 3.2 g mL-1 measured 84.93 ± 81.78 nm 

and the last one, AgNPs + ITR 4.8 g mL-1 had shown an average size of 91.99 

± 43.81 nm. 

To verify the phases of samples, each one was submitted to the X-ray 

diffraction (XRD) spectroscopy. It can be seen at Figure 6.3 the diffractogram of 

the particles. 

 

Figure 6.3 – XRD of samples (a) centrifuged AgNPs, (b) AgNPs + Itraconazole 

3.2 µg mL-1 and (c) AgNPs + Itraconazole 4.8 µg mL-1. 

 

Source: author. 
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The first diffraction pattern shown at (a) refers to the silver nanoparticle 

and match exactly with the black bars presented at the bottom of graphic, which 

is the Joint Committee on Powder Diffraction Standards (JCPDS) card for silver, 

numbered 04-0783. At (b) and (c) it is possible to see the character (*), which 

signs a new phase on the mixture. Possible, it is a semi-crystalline phases of the 

drug. This halo reveals a crystallo-conformacional appearing at the system, which 

occurs when a crystalline phase is mixed with an amorphous or semi-crystalline 

one [20]. 

Another very important parameter is the morphology of system. So, to 

investigate this one, the scanning electron microscopy (SEM) was performed. 

Concomitant to the SEM, the electron dispersive X-ray (EDX) was also 

performed, exactly to identify silver and build the compositional map of the 

samples. Also, a histogram was built to compare the sizes obtained by SEM and 

the acquired by DLS. The micrographs are shown below at Figures 6.4a, 6.4b 

and 6.4c. Following the sequence, the EDX are shown at Figures 6.5a, 6.5b and 

6.5c and finally, the built histograms are shown ate Figures 6.6a, 6.6b and 6.6c. 
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Figure 6.4 – SEM of (a) centrifuged AgNPs only, (b) AgNPs + ITR 3.2 µg mL-1, and (c) AgNPs + ITR 4.8 µg mL-1. 

 

(a) 

 

(b) 

 

(c) 

Source: author. 
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Figure 6.5 – EDX of (a) centrifuged AgNPs only, (b) AgNPs + ITR 3.2 µg mL-1, and (c) AgNPs + ITR 4.8 µg mL-1. 

   

 

Source: author. 
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Figure 6.6 – Histogram of (a) centrifuged AgNPs only, (b) AgNPs + ITR 3.2 µg mL-1, and (c) AgNPs + ITR 4.8 µg mL-1 

 

(a) (b) 

 

      (c) 

Source: author. 
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The AgNPs showed spherical shape – what was spected for its UV-Vis 

profile [21] – even if not well definite, probably because of the low temperature of 

synthesis and the capping agent. When comparing the three acquired 

micrographs, it is not possible to identify any remarkable differences among the 

samples, which showed prevalence of the spherical particles. 

When observing the EDX graphics, it is possible to verify that there was 

a high relative concentration of silver on the investigated region of microscopy. 

The presences of sulfur and sodium are expected, once the capping agent – 

sodium dodecyl sulfate – shows these elements on its constitution. After all, this 

technique is a complementary one, which will confirm AgNP in the analyzed 

region. 

Once the SEM gives the size of nanoparticles (by comparing to the scale 

and using Image-J® program), it is possible to build three histograms of the 

different systems. When observing the nanoparticles, it is possible to identify 

various sizes of nanoparticles and the system containing AgNPs + ITR. As the 

SEM is performed into a region of sample, it is normal that the size distribution 

be different among them. The sample containing AgNPs only had shown an 

average size of 56.2 ± 18.1 nm, while the sample with lower concentration of ITR 

had shown 47,5 ± 22,9 nm as average size and the last one, showed the values 

66,6 ± 20,08 nm to the average size. It would be expected that the second 

investigated sample had higher values than the first, once there were AgNPs and 

ITR on its composition. However, as previously said, this technique investigate 

restrict regions, and possibly the nanoparticles of the AgNPs sample were higher 

than the system AgNPs + ITR of the second one. The last sample showed and 

expected result when compared to the first. 

Continuing with the investigation, now it is built the compositional map of 

samples. This is a complementary technique to elucidate the presence of silver 

nanoparticles in the analyzed area of sample during the performing of SEM. The 

results are shown ate Figure 6.7. 
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Figure 6.7 – SEM images of samples of centrifuged AgNPs (a) and its compositional map shown at (b).  SEM of AgNPs + ITR 3.2 µg 

mL-1 (c) and its compositional map (d). Finally, SEM of AgNPs + ITR 4.8 µg mL-1 (e) and its compositional map (f). 

 

(a) 

 

(c) 

 

(e) 

 

(b) 

 

(d) 

 

(f) 

Source: author. 
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So, the compositional map determined the presence of silver around all 

the three samples. 

The identification of C. parapsilosis was performed trough chromogenic 

medium, as can be seen at Figure 6.8 below. 

 

Figure 6.8 – Chromogenic medium to identify C. parapsilosis. 

 

Source: author. 

Finally, after the characterization procedures, it was performed the 

antifungal test. The results are shown below at Figure 6.9.  
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Figure 6.9 – Sensibility test of C. parapsilosis against six different combinations. 

From twelve o’clock and clockwise: ITR 4.8 g mL-1, centrifuged AgNPs, ITR 3.2 

g mL-1, ITR 80 g mL-1, AgNPs + ITR 4.8 g mL-1 and ending, AgNPs + ITR 3.2 

g mL-1. 

 

Source: author. 

The antifungal test showed interesting results. Although both orifices 

containing ITR 4.8 g mL-1 and 3.2 g mL-1 had shown no, activity, when 

associated to AgNPs, it is possible to see halos. However, there is a halo signaled 

to the centrifuged AgNPs, which leads us to deduce that this activity is associated 

to the nanoparticles. Even this, the halo of AgNPs + ITR 4.8 g mL-1 is higher 

than the ITR control drug and the isolated AgNPs halo. So, it is possible to infer 

that at this concentration, the drug shows effect when associated with AgNPs, 

and with a considerably lower concentration. This preliminary result may point to 

new drugs associations and, with this, reducing the growing of fungi by using 
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lowers concentrations, contributing, also, to avoid of the appearing of resistance 

mechanisms on microorganisms. To understand the effect of the association, 

Figure 6.10 shows a higher and significant halo of this association. 

Figure 6.10 – Itraconazole as control drug and its associations with silver 

nanoparticles. 

 

Source: author. 
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To understand these qualitative data, the halos were measured and 

compared among them. Figure 6.11 has all the inhibition zones data. It is possible 

to see the effectiveness of the system AgNPs + ITR 4.8 mg mL-1 was statistically 

significant (p < 0.05) when compared to the centrifuged AgNPs. 

 

Figure 6.11 – Susceptibility testing antifungal agents. 

 

Source: author. 

 

When considering the capping agent – SDS – and its lipophilic chain 

surrounding the AgNPs, it is proposed an image to represent the possible 

interaction between the itraconazole and silver nanoparticles, which suggests a 

structure of controlled delivery system. 
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Figure 6.12 – AgNPs + ITR representative scheme. 

 

Source: author. 

4 CONCLUSIONS 

The systems investigated had shown that is possible to obtain 

satisfactory results when associating AgNPs and itraconazole against C. 

parapsilosis, which suggests that itraconazole may be used with lower 

concentrations. Also, the sizes of systems were maintained as nanoscaled, which 

are the one of the aims of this work. 
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