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Obstract

This work consists of preparation of the Chitosan(CHI)/Collagen(COL) blends loaded with silver nanoparticles by method 
of evaporation of the solvent. This blends were characterized by Fourier transform infrared (FTIR), scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM). The results obtained demonstrated that the mass 
ratio of CHI/COL was important for the maintenance of the collagen structure since in the ratio 3:1 (m/m of CHI/COL) 
decrease in the ratio between the peaks of 1235 cm-1 and 1450 cm-1, respectively. Moreover the silver nanoparticles added 
to the polymer matrix of the obtained chitosan had an average size of 25 nm confirmed by TEM for silver nanoparticle.
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1. Introduction
The new nanoparticles (NPs) incorporated in natural 

polymer as Chitosan (CHI) and Collagen (COL) have 
emerged as blends with potential application due to their 
unique physical and chemical properties. The Chitosan is a 
copolymer obtained through the deacetylation of acetamide 
groups of chitin, which originates from the exoskeleton 
of crustaceans[1-3], where the D-glucosamine (GlcN) and 
N-acetyl-D-Glycosamine (GlcNAC) groups of chitin result 
in the formation of this copolymer of β-(1,4)-D-glucosamine 
and β- (1,4)-N-acetyl-D-glucosamine units[4,5]. This copolymer 
is notable for its high bactericidal, fungicidal and bioactivity 
potential, which, together with its specific interactions with 
the extracellular matrix components and cell growth factors[6], 
give it high employability in a wide range of scientific areas.

Another biopolymer, the Collagen, has been very promising 
in this field of research, this protein has been applied in the 
manufacture of bioactive membranes, as they serve as a support 
for cell growth, in addition to transporting drugs or releasing 
other substances with anti-inflammatory, antibacterial and 
antioxidant properties at the lesion site[3-5]. The Collagen is a 
fibrous protein, being the largest component of the extracellular 
matrix in mammals, it presents ease of combination with other 
materials, easy processing, hydrophilicity, low antigenicity, 
body absorption capacity, etc[7-9]. Based on the individual 
characteristics of each polymer, the associated CHI/COL 
can offer a non-cytotoxic, non-allergenic, biodegradable 
and porous biomaterial. According with Antunes et al.[10] in 
your work with Chitosan/Arginine have demonstrated that 
many combinations this materials shown to be promising 
where obtained membranes with non-cytotoxic highly porous 

nanostructure and with bactericidal activity in vivo with 
tissue regeneration[10]. Therefore the many blends formed by 
a combination of two polymers are of great interest in the 
area of biomaterials, as in the case of this study, which is of 
potential application. The preparation and characterization 
of this blends with silver nanoparticles it is a new study and 
and few are described in the literature, among which we 
highlight the most similar to what we have done but that 
there are differences regarding its physicochemical analysis, 
as the focus in on its biological and biomedical application. 
The studies carried out by Cardoso et al.[11] in 2014 show 
three formulations of silver nanoparticles with collagen 
(AgNPCol) and your characterization by ultraviolet-visible 
spectroscopy, dynamic light scattering, X-ray diffraction 
and antibacterial activity in vitro and cell viability assays. 
Where the results showed that the its nanoparticles AgNPcol 
at molar ratio of 1:6 have antimicrobial activity against 
both Staphylococcus aureus and Escherichia coli and no 
toxicity to the cells.

In 2016 a study by Sionkowska et al.[12] using chitosan 
and collagen blends with the addition of hyaluronic 
acid, a glycosaminoglycan polysaccharide present in the 
extracellular matrix of the skin, connective tissue obtained 
promising results since the addition of hyaluronic acid to 
the biomaterial formed by chitosan and collagen increased 
thermal stability, elasticity, facilitated proliferation and 
served as the basis for tissue regeneration, mainly cartilage 
tissues[12]. In the work of Archana et al.[13] that using chitosan, 
polyvinylpyrrolidone (PVP) and silver oxide nanoparticles 
prepared and evaluated for cytotoxicity and antibacterial 
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activity against Staphylococcus aureus and Escherichia 
coli where they obtained satisfactory results with different 
concentrations of silver nanoparticles.

The aim of this work is obtained Chitosan/Collagen 
blends with silver nanoparticles and characterize by infrared 
spectroscopy (FTIR), SEM and TEM microscopy.

2. Materials and Methods

2.1 Materials

The chitosan employed, with presents a 63% deacetylation 
degree and a medium molar mass of 1.61×106 g/mol[14], was 
obtained in previous studies[15]. The bovine collagen, purity 
of 98% was provided of NovaProm Food Ingredients. 
Glacial acetic acid and glutaraldehyde 25% (v/v) both from 
Dinamica Chemicals.

2.2 Experimental Procedure to preparation of 
Chitosan/Collage blends

For the preparation of CHI/COL was initially a volume 
of 100 mL of 1.5% (w/v) solution of the polymers were 
prepared at 25°C, dissolving both chitosan and collagen 
in 5% (v/v) solutions of acetic acid. Then, a 10 mL aliquot 
of the chitosan solution was transferred and conditioned in 
erlenmeyer flask (100 mL), to which 1 mL of glutaraldehyde 
solution 5% (v/v) was added. The mixture was stirred with 
magnetic stirrer for 30 min, and then different aliquots of 
the 1.5% (w/v) collagen solution were added. The CHI/COL 
ratios were 1:1, 1:2, 2:1, 3:1 and 1:3 respectively. Stirring was 
continued for 2 h and then the polymer blend was transferred 
to polypropylene forms for drying at room temperature, 
25 °C. After drying, the characterizations of the blends were 
made by infrared spectroscopy (FTIR) in the spectrophotometers 
FTIR 400 from Perkin-Elmer and Cary 630 from Agilent. 
The scanning electron microscopy (SEM) images were made 
using the SSX-550 SEM-EDX from Shimadzu and transmission 
electron microscopy (TEM) using the JEM 2100 from JEOL.

2.3 Synthesis of Silver nanoparticles and insertion in 
CHI/COL blends

The synthesis of silver nanoparticles (AgClNP) from 
silver nitrate (AgNO3) was based on the work of Loza et al.[16] 
with modifications. Using the chitosan purification filtrate, 
obtained according to the methodology described previously[11], 
where a aliquots of 50 mL this filtrate was removed and 
packed in erlenmeyer flask (100 mL), then added 2 mL of 
the 25 mmol/L solution of AgNO3, and stirred for 2 h with 
heating at 80 °C. Then the suspension obtained was centrifuged 
for 30 min at 5000 rpm, the supernatant was discarded and 
the AgClNP precipitate was added to chitosan solution after 
washed and dried at 45 °C in stove with air circulation. 
Finally was added 12 mg of the AgClNP in CHI/COL blends 
obtained in 2.2 subsection. This polymer blend loaded with 
silver nanoparticles was transferred to polypropylene forms 
for drying at room temperature (25 °C) for 7 days.

3. Results and Discussions

3.1 Spectra of infrared spectroscopy to CHI/COL blend

In the infrared spectroscopy analysis (Figure 1) the 
chitosan spectrum presented the axial stretching bands 
of O-H (between 3300 and 3400 cm-1), which appeared 

superimposed with the stretching band N-H. Also, the angular 
deformation of N-H (around 1550 cm-1) was observed, 
probably overlapping the axial deformation of C=O of 
the amide and axial deformation of C-N of amino groups 
(1400 cm-1). The bands of polysaccharide structures in the 
region of 890-1156 cm-1 in agreement with literature[16] 
were observed as well.

The collagen spectrum showed the characteristic 
bands of amide I, II and III at 1650, 1560 and 1235 cm-1, 
respectively. It is also composed of vibration absorptions 
of -CH2 groups of the glycine skeleton and proline side 
chains[13]. In addition, bands of 3270, 2920 and 1430 cm-1, 
which represent the elongation of rings -OH, -CH3 and 
pyrrolidine, respectively, were observed[13].

The interactions between collagen and chitosan 
may occur through the formation of hydrogen bonds. 
The -OH, -NH2 and -C=O groups in the collagen are capable 
of forming hydrogen bonds with -OH and -NH2 present on 
chitosan[14]. As reported in a previous study[13], in a slightly acid 
medium occurs protonation of the amino groups of chitosan, 
which favors the electrostatic attraction with –COO- groups 
of aspartic and glutamic acid residues of collagen.

The FTIR spectra of the blends in different proportions 
of chitosan and collagen are observed in Figure 2, where no 
additional bands were identified. As previously identified in 
other works[13], there is an increase of the band corresponding 
to amide I and decrease of amide II as the proportion of 
collagen increases.

Figure 1. FTIR spectra of chitosan, chitosan/collagen (1:1), and 
collagen.

Figure 2. FTIR spectra of chitosan/collagen blends: (a)1:1; 
(b) 1:2; (c) 1:3 and (d) 3:1.
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The integrity of the triple helix of the collagen 
can be evaluated by the ratio between the absorbance 
at 1235 and 1450 cm-1 [16]. That is an very important, since this 
three-dimensional collagen characteristic gives it important 
biological and mechanical properties[13]. The values of this 
ratio for the denatured collagen are about 0.5 and those of 
intact structures are about 1. For the samples in the proportion 
of 1:1, 1:2 and 1:3 chitosan/collagen, the ratios obtained were 
above of 1, but for the 3:1 proportion the value obtained 
was 0.46, which is indicative that the increase in the amount 
of chitosan in relation to the collagen destabilizes the triple 
helix of the protein structure of the collagen[17].

3.2 Morphological analysis to CHI/COL blend

The Figure 3, shows the macroscopic appearance of the 
blends, where it can be observed that the malleability of the 
blends decreases with increasing chitosan. In analysis of the 

scanning electron microscopy (SEM), the chitosan/collagen 
blends showed a porous structure, with open pores and a 
high degree of interconnectivity between the blends phases 
like show in Figure 4d.

3.3 Microscopy analysis to CHI/COL blend with Silver 
nanoparticles

Transmission electron microscopy (TEM) was used to 
provide more information about the size, shape and morphology 
of the synthesized silver nanoparticles added to the chitosan 
polymer matrix, these micrographs (Figure 5) were treated 
with the imageJ software to obtain the size of the particles.

The TEM images revealed that the synthesized silver 
nanoparticles formed were predominantly spherical, 
polydisperse and with diameters in the range of 15-35 nm, 
may also observed that the silver nanoparticles are surrounded 

Figure 3. Macroscopic appearance of (a) collagen; and blends CHI/COL (b) (1:1); (c) (1:2); (d) (3:1); (e) (1:3) and (f) lateral view (1:1).

Figure 4. SEM micrographs of chitosan-collagen magnification of (a) 50x; (b) 400x; (c) cross section of 120x and (d) 270x.
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by a thin layer of other material, which is believed be of 
organic material of the polymer.

These limiting organic materials prevent the aggregation 
of silver nanoparticles and thus provide additional stability 
for them, the same observation has been reported in the 
work of Parveen et al.[18].

Similar micrographs to Figure 5 were obtained by 
Kim et al.[19] who synthesized silver and gold nanoparticles 
from ginseng extract and by Shen et al.[20] who obtained 
AgClNP by microemulsion.

The average size of the nanoparticles obtained together with 
the chitosan matrix was 25 nm, the size of the nanoparticles is 
an important factor since the silver ions cross the membrane 
of the microorganism have the capacity to inhibit bacterial 
multiplication by the binding and denaturation of the DNA, 
affecting ribosomal subunit and some enzymes important 
for the growth of bacterial cells, hence the efficiency of this 
process is dependent on the size of these nanoparticles as 
reported in the literature[21].

Figure 5. TEM of Silver nanoparticles adhered to CHI/COL blend: (A) and (B) in 20 nm scale, (B), (C) 50 nm scale (D) histogram to 
average size of the silver nanoparticles estimated by imageJ software.

4. Conclusions

Using the method of phase inversion by solvent evaporation 
of the polymer solutions, chitosan-collagen blends were 
successfully produced with porous and interconnected 
structures confirmed in SEM, compatible with other 
methods used in the literature. The chitosan-collagen ratio 
is important for the maintenance of the collagen structure, 
since the ratio 3:1 showed a possible protein denaturation 
of the collagen, causing a possible loss of its properties as 
biomaterial. The FTIR confirmed regions in both chitosan 
and collagen responsible for the intermolecular interaction 
between the polymers that make them compatible for future 
use in regenerative medicine.
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