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Objective(s): Many people suffer from skin injuries due to various problems such as 
burns and accidents. Therefore, it is essential to shorten treatment time and providing 
strategies that can control the progression of the wound that would be effective in 
wound healing process and also reduce its economic costs. 
Methods: The present study aimed to prepare a nanocomposite dressing (NCD) 
composed of carboxymethyl chitosan (CMC), and Fe2O3 nanoparticles by a method 
called freeze-drying (FD) technique. The effect of different weight percentages of 
Fe2O3 (0, 2.5, 5, and 7.5 wt%) reinforcement on mechanical and biological properties 
such as tensile strength, biodegradability, and cell behavior was evaluated. Also, the 
X-ray diffraction (XRD) and scanning electron microscopy (SEM) analysis were used to 
characterize the soft porous membrane. The biological response in the physiological 
saline was performed to determine the rate of degradation of NCD in phosphate 
buffer saline (PBS) for a specific time. 
Results: The obtained results demonstrated that the wound dress was porous 
architecture with micron-size interconnections. In fact, according to the results, as 
the magnetite nanoparticles amount increases, the porosity increases too. On the 
other hand, the tensile strength was 0.32 and 0.85 MPa for the pure sample and the 
sample containing the highest percentage of magnetic nanoparticles, respectively. 
Besides, the cytotoxicity of this nanocomposite was determined by MTT assays for 7 
days and showed no cytotoxicity toward the growth of fibroblasts cells and had proper 
in vitro biocompatibility. The obtained results revealed that NCD had remarkable 
biodegradability, biocompatibility, and mechanical properties. Therefore, NCD 
composed of CMC and Fe2O3 nanoparticles was introduced as a promising candidate 
for wound healing applications. 
Conclusions: According to the obtained results, the optimum NCD specimen with 5 
wt% Fe2O3 has the best mechanical and biological properties.
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INTRODUCTION
Traditional wounds such as gauzes and 

bandages, create a dry environment on the wound 
by absorbing excessive secretions [1-4]. Several 
researchers reject the popular belief that the effect 

of dry wound dressing is to accelerate the healing 
process when used with a moisture-retaining 
dressing, is much faster than when the wounds 
are exposed only to dry air [5-8]. Other important 
features of wound dressings are that they have 
porosity, adhesion, and good mechanical strength, 
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low price, easy to use, and also the ability to swap 
without damaging the wound [9-11]. It should be 
noted that all of the characteristics listed in a single 
dressing are not applied to all wounds, and each 
injury must be carefully evaluated individually, 
and then the appropriate dressing selected [12-
17]. Nowadays, there are several different dressings 
like hydrogels [16],  foams [17], films [18-19], 
membranes [18] and other available antibacterial 
creams as an agent to use in combination with 
polymers for wounds healing. Recently, the use of 
natural polymers due to their high biocompatibility, 
biodegradability, and similarity to body tissues have 
been considered in the treatment of wounds [20-
24]. Therefore, the researchers have been focused 
on polymers such as hyaluronic acid [25], collagen 
[26], alginate [1, 12, 27], elastin [29], chitosan [30], 
gelatin [31-35], nanofibrous polycaprolactone [36, 
69] due to their excellent biodegradability, non-
toxicity, and ability to carry several therapeutic 
agents like growth factors (GFs) [32]. On the 
other hand, polymers have poor mechanical 
properties, and composite preparation is one of 
the ways to improve their mechanical properties. 
Polymeric-ceramic composites have particular 
importance [36-39]. Studies have shown that by 
using bioceramics, along with polymeric materials, 
in addition to achieving better mechanical 
properties such as elastic modulus, the degree of 
biocompatibility will also increase dramatically 
[33-40].  One of the bioceramics of interest in tissue 
engineering is the bioceramics of diopside contains 
silicon and magnesium to an appropriate extent 
[41-48]. Diopside, with the chemical composition 
of CaMgSi2O6, magnesium-based silicate ceramics 
with higher mechanical stability and lower 
degradation rates than bioglass and other active 
ceramics [47-48]  and its application to soft tissue 
engineering, looks good in particular when slow 
destruction rates are desirable [43-45].  Also, in 
the present study, magnetic nanoparticles were 
used to enhance antibacterial activity to achieve 
the best and most ideal mechanical and biological 
properties in addition to bioceramic diopside. The 
use of magnetic nanoparticles has had a long history 
in medicine, as Hippocrates, used magnetic iron 
oxide and hematite to stop and control the bleeding 
[49-51]. Also, in the first century, researchers invent 
magnetite powders based on their unique physical, 
chemical, thermal and mechanical properties. 
Magnetic nanoparticles have shown great potential 
for various medical applications.  Among the 

available nanomaterials, hematite has a chemical 
structure of Fe2O3 and has the least toxicity due to 
the presence of iron and zinc in its composition and 
the human body’s need for these elements [49-51]. 
One of the reasons for using these nanoparticles is 
their antibacterial properties and disinfectant in 
wound conditions. Various techniques are used for 
the preparation of the membrane and scaffold, such 
as 3D printing [52-54], electrospinning [7, 27], and 
freeze-drying technique [11-12]. Preparation of 
composite using the various methods as medical or 
industrial applications needs to be investigated for 
their mechanical performance. However, several 
simulation software can predict their mechanical 
properties without laboratory tests such as 
molecular dynamics, classical solution methods, 
finite element analysis and micromechanical 
model [55-68]. The application of this software 
causes the researchers to used and model different 
materials with different properties as synergic 
material in the software without an experimental 
analysis which is time-consuming and expensive 
[69-75]. In the current study, we aim to realize 
a novel nanocomposite material with excellent 
biocompatibility and then prepared a flexible and 
microporous nanocomposite wound dress by 
the freeze-drying process. In the present study, 
the morphology, antibacterial activity, physical 
and chemical properties, and biocompatibility 
were evaluated, providing the basis for alternative 
materials for wound healing. 

MATERIALS AND METHODS
Materials Preparation

For the preparation of nanocomposite dressing 
(NCD), carboxymethyl-chitosan (CMC) powder 
with the chemical formula of C20H37N3O14 was 
purchased from Sigma–Aldrich, The USA for 
matrix as can be seen in Fig. 1. The CMC solvent 
was selected water with the addition of 1% vol. 
CH₃COOH in the 180 ml of deionized water 
[C6H8O7H2O, Mw = 192.124, Sigma–Aldrich, 
USA], Diopside (Dp) powder (CaMgSi2O6, 50-
100 nm, 90% purity) synthesized according to 
the previous work and magnetic nanoparticles 
(Zn-contain α-Fe2O3, 20-40 nm, 90% purity) was 
purchased from Merck [41-42]. This work aims to 
produce a novel Zn-Fe2O3-containing wound dress 
based on CMC.

Methods Procedure
The NCD made of CMC/Dp/Fe2O3 was 
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prepared by following the materials selection 
and materials preparation procedures, as can be 
seen in Fig. 2. Briefly, solutions were prepared by 
dissolving 3 g CMC powder in 180 ml deionized 
water and 1% vol acetic acid solution and then 
continuously stirred for 4 hours at 600 rpm at 50°C 
to form a homogeneous suspension of a natural 
polymer, the following process was carried out 
until a homogeneous solution was obtained. The 
bioceramic powder (Dp) and different weight 
fraction of Fe2O3 (0, 2.5, 5, and 7.5 wt%) were 

mixed and milled for 30 min in the mechanical 
mixer (IKA, Germany). The samples were prepared 
in accordance with Table 1. The final mixtures were 
stirred at 50°C for 4 hours to provide homogenous 
dispersion of the Dp-Fe2O3 solution. After that, 
0.25% glutaraldehyde (C5H8O2) was added to 
resultant polymeric solutions as a cross-linker. A 
certain amount of resultant solution was transferred 
to Petri dishes according to the percentage of 
specific weights and froze at -65°C for 24 hours. 
After the emulsion was removed from the freezer, 

 
Figure1: Chemical Structure of CarboxyMethyl Chitosan (CMC) biopolymer 

  

Fig.1. Chemical Structure of CarboxyMethyl Chitosan (CMC) biopolymer

 

Figure 2: Schematic illustration of the fabrication NCD using FD technique. 

  

Fig. 2. Schematic illustration of the fabrication NCD using FD technique.
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the frozen samples were placed in a freeze-drying 
(FD) machine (DorsaTech company, Tehran, Iran) 
at -45°C for 48 hours to eliminate the moisture and 
water. However, the scaffolds were removed from 
the FD machine and then prepared for different 
testing and analysis. The obtained NCD specimen 
with increasing α-Fe2O3 amount was referred to as 
CDp, CDpZn, CDpZn1, and CDpZn2, respectively. 
A summary of the combination of bioceramics and 
polymers is Tabulated in Table 1. 

MATERIALS CHARACTERIZATION
Mechanical Testing of the NCD

Mechanical behavior of NCD, including tensile 
strength and elastic modulus using tensile machine 
according to ASTM-20 standard (SANTAM-
STM50) at speed rate (0.5 mm/min), was 
conducted at New Technology Research Center, 
The Amirkabir University of Technology. The 
specimens used in this experiment consisted of 
four porous samples with a porosity of 100 microns 
in diameter with 8 × 1 cm (wide × length) with four 
different compositions. From the obtained data 
during the tensile test, the stress-strain curve was 
plotted, and finally, the slope of the stress-strain 
diagram was calculated based on the Hooks law to 
obtain the elastic modulus and the maximum point 
of the curve. 

Morphological investigation of NCD 
To evaluate the morphology, pore size, porosity, 

and geometry of the NCD, the scanning electron 
microscope (SEM) tools were used. To increase the 
electrical conductivity and to increase the sharpness 
and clearance of the images, the specimens were 
coated a skinny gold layer and then their surface 
morphology was investigated and image using 
XL30 model made by the Philips Company at 
the Amirkabir University of Technology, Central 
laboratory by South Korea SUORIN Company. 

Phase investigation of NCD
The NCD and its final composition were 

characterized using XRD tools (X’ Pert HighScore 

software) to provides comprehensive information 
on the crystallinity of all porous samples. The 
Scherrer equation is usually used to determine the 
average dimensions of crystals in XRD analysis. In 
this study, this analysis was also used to determine 
the phases present in NCD samples. 

Biodegradation Test of NCD
The biodegradability of the wound dressing 

was investigated by monitoring the weight loss 
over 1, 3, 7,14, and 21 days incubated in phosphate 
buffer saline (PBS, pH 7.4) at room temperature. To 
calculate the sample degradation rate, NCD pieces 
with a dimension of 1 × 1 cm was prepared and 
selected from the final product. The porous NCD 
samples were stored in a CO2 incubator at 37°C 
after being placed in a falcon tube containing 10 
ml PBS. The initial weight of the NCD was written 
as W0 (wet weight), Wt (dry weight) and the NCD 
removed from the PBS after each time and then 
dried and weighed. The percentage of degradation 
was calculated using Eq. (1).

( ) o t

o

W -WDegradation rate of NCD % =  ×100
w

 
 
 

                      
 (1)

Biological responses of NCD
Since the wound is presented, and generally, 

all the products of tissue engineering are supposed 
to be related to the natural body’s environment; 
therefore it is necessary to investigate some 
biological behavior such as the density behavior, 
ionic release and tissue changes after soaking in 
a biological solution related to the physiological 
conditions of the body. In the present study, ceramic 
reaction, antibacterial and toxicity test (MTT) have 
been applied to the porous specimen.  

Toxicity Evaluation (MTT Assay)
MTT assay was carried out for cell viability 

and mitochondrial activity assessment. Living cells 
reduced the MTT substrate (3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyltetrasodium bromide) to a dark-
blue formazan in the presence of active mitochondria. 
Thus, an accurate measure of the mitochondrial 

 
  

 
 
 

 

Table 1. Weight percentages of NCD bio-nanocomposite wound dress
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activity of cells in a culture medium was carried 
out [16, 26]. The MTT assay with fibroblast cells 
was used to evaluate the biocompatibility of the 
NCD samples. In this test, the cellular activity and 
cell viability are evaluated based on the activity 
of mitochondrial dehydrogenase enzymes in cells 
that are viable and active. The proper Cell line 
L929 (mouse tail fibroblast) prepared from New 
Technology Research Centre (CRLAB) was used 
for cytotoxicity and cell proliferation assay. After 
incubation, dimethyl sulfoxide (Sigma, USA) 
was added to dissolve the blue formazan crystals. 
Toxicity, as well as cell viability, were calculated by 
Eq. (2) and Eq. (3):

Sample

Control

OD
Toxicity of NCD (%) =  1-  ×100

OD
 
 
 

                             
 (2)  

( )Cell Viability of NCD %  100  Toxicity % = −
                                

 (3)

RESULTS AND DISCUSSION
In this work, the effect of the Dp incorporation 

on the tensile strength and elastic modulus of the 

NCD was studied to check the flexibility of the 
porous NCD that can control the wound infection 
and water absorption. 

It is essential to know that one of the critical 
parameters in the discussion of wound dressing 
is the issue of tensile strength, as shown in Fig. 3. 
Also, Fig. 3 shows that by increasing 2.5 wt% MNPs 
amount, the tensile strength increase from 0.32 MPa 
to 0.46 MPa, and the sample containing the highest 
percentage of magnetic nanoparticles represents 
0.85 MPa (2.6 times more than the sample without 
MNPs). Therefore, it can be claimed that the tensile 
strength enhanced with the addition of magnetic 
nanoparticles, although its porosity increased at 
the same time. The result of these changes is related 
to the amount of MNPs and microstructure of the 
additive represented in the SEM images and the 
XRD results. The mechanical value obtained from 
the experimental testing is shown in Table 2. Fig. 4 
shows the elastic modulus changes for all the four 
NCD samples in which with the addition of MNPs 
the elastic modulus of the soft tissue increases from 
32 MPa to 66 MPa, more than three times.

 
Figure 3: Tensile strength of the NCD using SANTAM-STM50 containing 0 wt%, 2.5 wt%, 5 

wt%, and 7.5 wt% Fe2O3. 

  

Fig. 3. Tensile strength of the NCD using SANTAM-STM50 containing 0 wt%, 2.5 wt%, 5 wt%, and 7.5 wt% Fe2O3.

  
  
  
  
  

Table 2. Mechanical properties of NCD function of Fe2O3 nanoparticles with various content
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It is well known that a porous microstructure 
is important for the transport of oxygen and the 
promotion of drainage during the wound healing 
process. Therefore, the porosity of NCD samples 
with (0 wt%, 2.5 wt%, 5 wt% and 7.5 wt%) MNPs 
dispersed in the CMC-Dp was visualized using 

SEM images as shown in Fig. 5 (a-d). 
Fig. 5 (a) shows that the particles are fused 

and chained together with the Dp nanoparticles 
regarding the similar surface to volume values and 
effect of their morphology. Fig. 5 (b) illustrates 
the sample with 2.5 wt% Fe2O3 nanoparticles with 

 

Figure 4: Elastic modulus of NCD containing 0 wt%, 2.5 wt%, 5 wt%, and 7.5 wt% Fe2O3. 
  

Fig. 4. Elastic modulus of NCD containing 0 wt%, 2.5 wt%, 5 wt%, and 7.5 wt% Fe2O3.

 

Figure 5: SEM images of CMC/Dp-Zn-Fe2O3 concentrations of (a) 0 wt%, (b) 2.5 wt%, (c) 5 
wt%, and (d) 7.5 wt% before immersion in PBS. 

  

Fig. 5. SEM images of CMC/Dp-Zn-Fe2O3 concentrations of (a) 0 wt%, (b) 2.5 wt%, (c) 5 wt%, and (d) 7.5 wt% before immersion in 
PBS.
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spherical particles resulting from the presence 
of bioceramic. Fig. 5 (c) shows the pores are 
homogeneous and interconnected pores with grid 
mode with 100-150 nm. The obtained results show 
that increasing magnetic material can increase the 
porosity and roughness of the NCD. However, this 
increase is not large enough to affect the physical 
properties of the NCD samples. Furthermore, 
according to Fig. 5(d), by increasing the magnetite 
content up to 7.5 wt%, the heterogeneous 
dispersion of the microparticles is well observable. 
The XRD pattern of all samples with different 
weight percentages of magnetic nanoparticles has 
been depicted in Fig. 6.  Fig. 6 (a-d) shows the 
XRD spectrum of NCD with (a) 0 wt %, (b) 2.5wt 
%, (c) 5 wt% and (d) 7.5 wt% Fe2O3 nanoparticles. 
According to previous studies [13, 16, 59], the 
pure CMC has a weak peak at 10, which decreases 
with increasing bioceramic diopside. The obtained 
peak at position 20 degrees is the peak index of the 
nanocrystalline structure of the CMC polymer. 
Following the NCD crystallinity changes, the major 
peaks of the pure Dp nanocrystalline powder as 
well as the CMC polymer, occurred, which clearly 
indicates the presence of a proper bond between 
the polymer matrix and the ceramic powder.

The biodegradability results of the NCD sample 
are shown in Fig. 7. Fig. 7 shows that the NCD 
sample can absorb heavy elements from the PBS 
solution and leads to gain additional weight. In 
the sample with the lowest amount of MNPs, the 

heavy-ion absorption from the solution is lower 
despite great weight loss. On the other hand, the 
porosity value of NCD is also important in terms 
of weight loss and weight gain. It can be concluded 
that as the porosity decrease, then the weight loss 
of the NCD might decrease too. After careful visual 
observation of the sample the biological test shows 
that the sample, with a higher porosity value might 
have higher heavy ions release from their surface. 
Therefore, the sample’s weight might be decreased 
or remain constant, which can be useful in the 
wound healing treatment process regarding the 
biofilm under the wound. The obtained results 
indicate that as the percentage of MNPs increases, 
water absorption and subsequent degradation rate 
increase. These findings can be attributed to the 
possible chemical bond between the nanoparticles 
and the CMC and the presence of iron ion groups 
in the composite microstructure that support the 
formation of physical, hydrogen bonds and ion 
interactions [60-68]. 

The cytotoxicity evaluation, known as the 
first test to evaluate the biocompatibility of soft 
tissue in the biomaterial domain, was performed 
to determine the fibroblast cell viability on NCD 
using the MTT assay. Therefore, as shown in Fig. 8, 
the cell viability on the surface of the porous wound 
dress was checked after 1, 3, 5 and 7 days of cell 
culture. Depending on the shape and size of the 
cell, one can say that cell growth and proliferation 
over time increased. On the third and fifth days of 

 

Figure 6: XRD pattern of NCD with 0 wt%, 2.5 wt%, 5 wt%, and 7.5 wt% Fe2O3. 

  

Fig. 6. XRD pattern of NCD with 0 wt%, 2.5 wt%, 5 wt%, and 7.5 wt% Fe2O3.
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cell culture, there was a significant difference in the 
number of cells in samples. It can be concluded 
that by the addition of MNPs content, the growth 
and viability of fibroblast cells increased in CMC-
Dp, which is consistent with the results of previous 
studies [9, 11, 15, 33, 37, 38-40]. The cell culture 
observation illustrated that the cell viability on 
the surface of the sample containing 5 wt% and 
7.5 wt% with higher porosity value increase due 
to the presence of a high percentage of magnetic 
nanoparticles compared to other samples. The 
porous structure may create a suitable substrate 
for cell interaction and proteins to attract each 

other. In fact, the results of this test show excellent 
biocompatibility of all four samples due to their 
higher adsorption rate compared to the control 
sample [70-75].

CONCLUSION
The NCD with MNPs were synthesized through 

FD technique. In fact, due to the hydrophilic 
properties, consequently the poor mechanical 
properties of CMC in the presence of water and 
biological environments and the inadequacy 
of hardness, it may need some reinforcement 
to overcome the limitations of polymer with 

 

Figure 7:  Degradation rate and layer thickness of CMC/Dp with different percentages of Fe2O3 
nanoparticles. 

  

Fig. 7.  Degradation rate and layer thickness of CMC/Dp with different percentages of Fe2O3 nanoparticles.

 

Figure 8:  Fibroblast Cells activity on NCD with 0 wt%, 2.5 wt%, 5 wt% and 7.5 wt% of 
Fe2O3. 

 

Fig. 8.  Fibroblast Cells activity on NCD with 0 wt%, 2.5 wt%, 5 wt% and 7.5 wt% of Fe2O3.
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bioceramic composition as well as enhance the 
antibacterial properties of the wound site. The 
properties of the wound dress were investigated 
including morphology, mechanical properties, 
antibacterial property, and biocompatibility 
response. The obtained results were characterized 
using XRD and SEM analysis and compared with 
the control sample. The SEM images showed 
that the scaffolds prepared by this method had 
interconnected pores. Then, it was concluded as 
the magnetic and ceramic phases increased, both 
tensile and porosity values increase which related 
to the NCD microstructure. The composite was 
found to have a favorable pore size of about 50 
µm with 70-90% porosity. The size of pores in 
composite scaffolds increased and the sample 
containing 5 wt% Fe2O3 magnetic nanoparticles 
had the optimum microstructure in terms of the 
number of cavities and uniformity of the created 
interconnected porosity. The mechanical and 
biological characteristics of fabricated NCD were 
influenced by the addition of MNPs and Dp content 
that substantially improved cell attachment on the 
scaffold surfaces and increases the elastic modulus. 
Therefore, based on the studies and evaluations, it 
can be concluded that the addition of Dp increases 
the tensile strength and the addition of magnetic 
nanoparticles has a significant effect on the 
antibacterial property of the wound dress. It can be 
concluded that CMC nanocomposite containing 5 
wt% of Fe2O3 magnetic nanoparticles prepared by 
freeze-drying technique has a potential application 
for wound healing approaches.
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