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ABSTRACT 

Post-operative adhesions are one of the most important problems faced by patients and surgeons. In 
this study, nanofibrous mats were produced as novel surgical adhesion barrier from polysaccharide-
based polymers, hyaluronic acid, carboxymethyl cellulose and sodium alginate, via electrospinning. 
The produced nanofibrous mats were crosslinked with 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride and N-hydroxysulfosuccinimide. Furthermore, the morphology, in vitro 
degradation, cytotoxicity and cell adherence potentials of the nanofibrous mats aimed to be used as 
adhesion barriers were evaluated and compared with a commercial adhesion barrier. Results of the in 
vitro experiment showed that the nanofibrous mats have maintained their physical structures during 
the critical period for adhesion formation, and had non-adherent cell feature and non-cytotoxic nature 
required for an ideal adhesion barrier. 
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1. INTRODUCTION 

Nanofibers are defined as fibers with diameters less than 
one micron [1,2]. There are many techniques for the 
production of nanofibers: electrospinning [3,4], self-
assembly [5,6], phase separation [7,8], and template 
synthesis [9,10]. Among these techniques, only 
electrospinning is versatile, simple, continuous process that 
can produce large scale nanofibers from wide range of 
materials for industrial applications.[11-13]. As a 
production method, electrospinning is utilized to form 
nanofibers from melted or dissolved polymer using high 
electric voltage [3,4]. Electrospun nanofibers have many 
good properties which require for biomedical applications 
such as high surface-to-volume ratios, small pore sizes, 
high porosity and superior mechanical properties [11,14]. 
Due to these properties electrospun nanofibers, they are 
used in biomedical applications such as medical prosthesis 
(artificial blood vessels and artificial organ applications), 
wound dressings, drug delivery systems, tissue scaffolds 

and skin care products [3, 4, 11-16]. 

Polysaccharide-based polymers have been widely studied 
as biomaterials for a variety of biomedical applications 
including drug delivery and regenerative medicine. Because 
of their biochemical similarity with human extracellular 
matrix (ECM) components, these polymers are readily 
recognized and accepted by the body [17]. Extracellular 
matrix (ECM) is a three-dimensional macromolecular 
network that provides structural and biochemical support 
for the cell survival, adhesion, proliferation, cellular 
communication and differentiation [18-20]. Native ECM 
composed of matrix proteins, glycoproteins, and 
glycosaminoglycans [21].  Glycosaminoglycans (GAGs) 
are highly sulfated, linear polysaccharides and covalently 
linked to a core protein to form proteoglycans [22]. 
Proteoglycans provide resitance to compressive forces and 
have key roles in regulating cell morphology, 
differentiation, and function [21]. Polysaccharides 
providing a hydrated space for the diffusion of nutrients and 
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metabolites to and from the cell [23]. The list of 
polysaccharides used commonly for a variety of biomedical 
applications includes cellulose, carboxymethyl cellulose, 
chitin/chitosan, starch, alginate, hyaluronic acid, pullulan, 
guar gum, and glycosaminoglycan [17]. 

Hyaluronic acid (HA) is one of the major components of 
the extracellular matrix between cells in various living 
organisms such as cartilage, joint fluid, skin and umbilical 
cord. Its high viscoelasticity, non-toxic properties, and 
ability to absorb water due to high molecular weight and 
negatively charged nature, make it possible for usage in 
cosmetic, biomedical and food industries. Due to its 
biocompatibility and biodegradability, HA polymer has 
been used especially in tissue engineering applications in 
the form of gel and/or film [24-27]. 

Anionic and water-soluble carboxymethyl cellulose (CMC) 
polymer is produced with carboxylation of the cellulose and 
belongs to the group of cellulose ethers. CMC is used as a 
binder, blowing, gelling, adhesive and stabilizer agent in 
textile, paper, pharmaceutical, paint, cosmetic, ceramic and 
food industries.  The main reasons for choosing CMC as an 
additive in these fields of use are that it is a physiologically 
inert, water-soluble, non-toxic and biocompatible polymer 
having high water retention capacity. Also, CMC is 
compatible with colloids and has a bacterial resistance due 
to its high sodium content [28, 29]. 

Sodium alginate (NaAlg) is a natural polysaccharide 
derived from brown seaweed. NaAlg has been used in food, 
pharmaceutical, medical, textile and paper industries for 
many years. Recently, its utilization has increased, 
especially in biomedical and medical fields. The specific 
properties that facilitate wound healing of NaAlg, e.g., high 
moisture absorption and ion exchange abilities, excellent 
biocompatibility, and bleed inhibitor properties, make it a 
unique raw material in the production of high absorbent 
wound dressing [30, 31]. 

Adhesions are described as abnormal connections between 
organs that are not normally associated with each other and 
surrounded by the serous membrane, following injury or 
surgical operations. The main reasons of adhesions are 
surgical procedures. Adhesions are common after chest, 
heart and intra-abdominal operations. The main approaches 
proposed in the literature to prevent or reduce adhesion are 
divided into three categories: the development of surgical 
techniques, the use of anti-adherence drugs, and the 
separation of tissues during the healing process. Adhesion 
barriers allow the surfaces of the injured region to be 
separated from each other and freely heal and thus prevent 
the formation of adhesion. An ideal adhesion barrier should 
not affect wound healing but should be non-reactive, 
effective in the presence of body fluids and blood, easy to 
use, and biodegradable. Furthermore, it should not cause 
infection and inflammation, and it should be antibacterial 
and stable in the initial phase of adhesion formation, and 
then metabolized [32-35]. 

There are limited studies in the literature about the use of 
nanofibrous mats produced by the electrospinning method 
as adhesion barriers [36-40]. In these studies, poly (lactic-
co-glycolic acid) (PLGA), polycaprolactone (PCL), 
PCL/gelatin, poly-L-lactide acid (PLLA), polyethersulfone 
(PES), chitosan and calcium alginate nanofibrous mats 
were produced, and their performances were evaluated as 
adhesion barrier in vivo experiments. Only Dinanvard et al. 
[37] conducted in vitro experiments. In a few studies [41-
44], PLGA, PCL, hyaluronic acid (HA)/PCL nanofiber 
membranes loaded with drugs, plant extract or silver were 
produced and proposed as adhesion barriers. Furthermore, 
in most studies, the resulting nanofibrous mats were not 
compared with a commercial adhesion barrier. 

Today, complete adhesion prevention problem remains 
unsolved and the search for an ideal adhesion barrier is still 
ongoing. In this study, electrospun nanofibrous mats were 
first produced from hyaluronic acid (HA), carboxymethyl 
cellulose (CMC) and sodium alginate (NaAlg) polymer 
blends to be used as adhesion barriers, and their 
performances were evaluated with in vitro experiments by 
comparing to a commercial adhesion barrier. The produced 
nanofibrous mats are novel in terms of the polymer blends 
used and have a potential to be alternative to commercial 
barriers in film form. 

2. MATERIAL AND METHOD 

2.1 Materials 

HA polymer (Hyaluronic acid sodium salt from 
Streptococcus equi) with Mw of 1,500,000-2,000,000 g/mol 
and CMC polymer with Mw of 250,000 g/mol were 
purchased from Sigma Aldrich (USA). NaAlg polymer, 
Cecalgum S1300, with a viscosity of 700-900 cPs was 
kindly supplied by Cargill (Turkey). Sodium hydroxide 
(NaOH, Sigma Aldrich) and dimethyl sulfoxide (DMSO, 
Merck) were obtained to be used as the solvents for 
electrospinning of HA polymer. Distilled water was used as 
the solvent for CMC and NaAlg polymers.  

For the crosslinking process of the nanofibrous mats, 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide 
hydrochloride (EDC) with Mw of 191.70 g/mol and N-
hydroxysulfosuccinimide (NHS) with Mw of 115.09 g/mol 
were obtained from Sigma Aldrich. The crosslinked 
nanofibrous mats were neutralized in ethanol (Merck). All 
the materials were used without further purification.  

In vitro experiments, a commercially available adhesion 
barrier film (Seprafilm, Sanofi-Aventis) containing HA 
and CMC polymers was used to compare with the 
nanofibrous adhesion barriers produced in this study.  

Human umbilical vein/vascular endothelial cell line 
HUVEC (CRL-1730, ATCC) and mouse subcutaneous 
connective tissue fibroblast cell line L-929 (CCL-1, ATCC) 
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were used to investigate cytotoxicity and cell adherence 
behavior on the nanofibrous mats and Seprafilm. On the 
cell viability test applied to determine the cytotoxicity, 2,3-
bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide (XTT) cell proliferation kit (Biological 
Industries, Israel) was used. Live cells were determined 
with trypan blue solution (Sigma Aldrich). 

Phosphate-buffered saline (PBS) of pH 7.4 for the 
degradation and cytotoxicity tests was purchased from PAN 
Biotech (Germany). 

Production of nanofibrous adhesion barriers 

In this study, nanofibrous mats aimed as adhesion barriers 
were produced from HA/CMC, HA/NaAlg and 
HA/CMC/NaAlg polymer blends by electrospinning (Table 
1). CMC and NaAlg solutions were prepared by dissolving 
CMC and NaAlg polymers in distilled water at 80 ºC for 8 
h. The concentration of solutions was 2% w/v. HA polymer 
was dissolved in a volume ratio of 4:1 NaOH/DMSO 
solvent system at room temperature for 8 h and the 
prepared HA solution concentration was 12% w/v. For the 
electrospinning, solutions of NaAlg, CMC and HA were 
blended in the volume ratio of 3/1 (HA/CMC), 5/1 
(HA/NaAlg) and 3/1/1 (HA/CMC/NaAlg). The blended 
solutions were stirred at room temperature for 2 h to 
provide a homogeneous solution.  

Prepared polymer solutions were fed into a plastic syringe 
of 20 ml. A spinneret with an inner diameter of 530 μm was 
used as the feeding unit and a cylinder rotating at 200 rpm 
was used as the collector. The cylinder collector was 
covered with aluminum foil. To achieve a smooth and 
beadless nanofiber formation, voltage, flow rate of solution, 
and distance between the spinneret and the collector were 
adjusted for each polymer solution. All samples were 
produced from 20 ml spinning solution to obtain 
uniformity. Electrospinning experiments were carried out at 
ambient conditions and temperature. The temperature 
range: 20–28 °C, and RH range: 50–80% RH were 
measured during electrospinning process. The process 
parameters of produced nanofibrous mats are given in 
Table 1.  

Crosslinking and sterilization 

HA, CMC and NaAlg are water-soluble polymers, and the 
resulting nanofibrous mats have low resistance to water and 
water vapor. This situation would lead to problems in 
practical applications of the nanofibrous mats as adhesion 

barriers [45]. Therefore, to improve their stability in water, 
an appropriate crosslinking process was required to apply 
on the electrospun mats.  

EDC is a water-soluble, biocompatible and nontoxic 
crosslinking agent. EDC activates carboxyl groups in the 
polysaccharide molecules and forms ester bonds between 
hydroxyl and carboxyl groups. The non-inclusion of EDC 
in the cross-linked structure, i.e., not binding to polymer 
molecules, is particularly recommended for materials used 
in the biomedical field. NHS is a nontoxic, biocompatible 
and homo-bifunctional crosslinker used to activate 
carboxylic acid groups. When a normal carboxylic acid 
forms a salt with amines, the acids which are activated in 
the presence of NHS react with amines to give amides. 
EDC productivity increases in NHS presence. The use of 
EDC together with NHS causes a formation of hydrolysis-
resistant and non-rearrangeable intermediates [46-49].  

The crosslinking medium was prepared by mixing EDC (80 
mM) and NHS (100 mM) crosslinking agents of an equal 
ratio in ethanol of 20 ml. The HA/CMC, HA/NaAlg and 
HA/CMC/NaAlg nanofibrous mats were immersed in 
crosslinking medium at room conditions for 24 h. After 
crosslinking, the mats were washed in ethanol for removing 
unbound crosslinking agents and then dried in an incubator 
at 37 ºC for 12 h. 

Before in vitro experiments, the crosslinked electrospun 
mats were sterilized with ethylene oxide gas at 55 ºC for 4 h 
and aerated for 8 h. 

Characterization  

Surface morphologies of the nanofibrous mats and the 
commercial adhesion barrier (Seprafilm) were characterized 
by Scanning Electron Microscopy (SEM, Carl Zeiss AG-
EVO 40 XVP). The samples were coated with a thin layer 
of gold-palladium before analysis. The nanofiber diameter 
distributions were determined by using ImageJ software 
(National Institute of Health, USA) on SEM images. The 
average fiber diameter and standard deviation were 
calculated from 50 random measurements for each sample. 

To investigate the degradation behavior of the crosslinked 
nanofibrous mats and Seprafilm under in vitro conditions, 
the samples were incubated in 5 ml of PBS at 37°C for 12, 
24, 36 hours, and 2, 3, 5, 7 days. The degradation ratio (D) 
through the weight changes before and after immersion was 
calculated as [50]:   

 
 

Table 1. The process parameters of the electrospun nanofibrous mats 

Parameters HA/CMC HA/NaAlg HA/CMC/NaAlg 
Voltage 20.1 kV 18.7 kV 22 kV 
Flow rate of the solution 0.2 ml/h 0.6 ml/h 0.5 ml/h 
Tip-to-collector distance 9 cm 7.5 cm 8.5 cm 
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% D = 100 – [Wn / W0] x 100 

Where W0 is original weight (before incubation), and Wn is 
residual dry weight on the assessment day (after incubation). 

For in vitro cell adherence potential test of the crosslinked 
nanofibrous mats and Seprafilm, HUVEC and L-929 cells 
were cultured in RPMI-1640 medium supplemented with 
fetal calf serum (10%), penicillin - streptomycin (50 U/ml - 
50 µg/ml), L-glutamine (2 mM) and sodium pyruvate (1%).  
Fetal Calf Serum (FCS ) is used as a supplement to basal 
growth medium in cell culture.  When used at appropriate 
concentrations it supplies many specific metabolic 
requirements for the culture of cells. For adherent cell lines, 
FCS helps in attachment to the base of flask. [51, 52]  

The cells were kept at 37 0C in a humidified atmosphere 
containing CO2 (5%). During the test, the cells (2x105 
cells/ml) were seeded on the samples and they could be 
observed on microscop after 24 hours. 300 cells were 
randomly selected, and the percentages of the shuttle shape 
cells adhered onto samples were determined. Three 
independent repetitions were carried out for the cell 
adherence test. The mean number of cells adhered per cm2 
of the surface were presented.  

Cytotoxicity of the crosslinked nanofibrous mats and 
Seprafilm were carried out by the XTT cell viability test in 
vitro conditions according to ISO 10993-5:2010. Viability 
and proliferation of HUVEC and L-929 cells were 
determined by the absorbance measurements performed on 
a microplate reader at 450 nm and 630 nm after 24 h. The 
test was performed three times for each sample, and the 
percentage cell viability was calculated by quantitative 
method.  

The test results of cell adherence potential and cytotoxicity 
were evaluated statistically with Mann-Whitney U test by 
using SPSS 22.0 software. P <0.05 was regarded as 
statistically significant. 

3. RESULTS AND DISCUSSION 

3.1 SEM analysis  

The effect of the crosslinking process on the morphology of 
the nanofibrous mats was investigated with SEM analysis. 
SEM photographs taken with a magnification of x10000 
before and after the crosslinking process are given in Figure 
1.  

 

Figure 1. SEM photographs of HA/CMC (a, b), HA/NaAlg (c,d) and HA/CMC/NaAlg (e,f) nanofibrous mat; (a, c, d ) before the 
crosslinking process, (b,d,f) after the crosslinking process 
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Before the crosslinking process, SEM photographs have 
shown that smooth, beadless, uniform and continuous fibers 
were successfully produced from HA/CMC, HA/NaAlg and 
HA/CMC/NaAlg polymer solutions. The average fiber 
diameters of the uncrosslinked HA/CMC, HA/NaAlg and 
HA/CMC/NaAlg nanofibrous mats were 131±46 nm, 
199±90 nm and 117±42 nm, respectively.  

After the crosslinking process, smooth, uniform and 
continuous nanofiber structure has been deteriorated. 
Sticking and flattening at the contact points of the fibers, 
and a film-like structure were observed. EDC and NHS 
activate the carboxyl groups in polymer molecules forming 
the nanofibers and ensure bond formation between 
hydroxyl (–OH) and carboxyl (–COOH) groups. The 
benefit of the EDC and NHS is that they do not become a 
part of the crosslinked structure. They just help to facilitate 
bonding within the crosslinked structure. New bonds cause 
the squeeze of the structure [49, 53]. Furthermore, the 
fibers collapse as flat bands, when a quantity of the solvent 
trapped between the fibers evaporates [54]. It is concluded 
that the flattening of fibers may occur owing to the rapid 
evaporation of the solvent, and the squeezing in the 
nanofibrous structure due to the formation of new bonds 
between polymer molecules.  

In order to compare with the nanofibrous adhesion barriers, 
SEM image of the Seprafilm commercial adhesion barrier 
is given in Figure 2. When the photograph was examined, it 
was observed that the Seprafilm had a rough film structure 
and did not contain any pores. 

 
Figure 2. SEM photograph of Seprafilm 

No remarkable weight loss differences between the 
nanofibrous mats and Seprafilm were observed within the 
first three days. However, the fastest degradation occurred 
on HA/CMC nanofibrous mat. Also, on the 5th and the 7th 
days, Seprafilm’s degradation ratio was found to be higher 
than HA/NaAlg and HA/CMC/NaAlg nanofibrous mats. 
The reason of degradation ratio differences between 
nanofibrous mats might be amount of polymer differentiation. 
For the electrospinning process, solutions of NaAlg, CMC 
and HA were blended in the volume ratio of 3/1 

(HA/CMC), 5/1 (HA/NaAlg) and 3/1/1 (HA/CMC/NaAlg).  
So polymer amount of HA/CMC (1.8 g HA, 0.1 g CMC / 
20 ml), HA/NaAlg (2 g HA, 0.067 g NaAlg) and 
HA/CMC/NaAlg (1.44 g HA, 0.08 g CMC, 0.08 g NaAlg) 
are not equal. But EDC/NHS crosslinking procedure was 
conducted in the same amount of crosslinking medium for 
all samples. EDC /NHS activate carboxyl groups in the 
polysaccharide molecules and forms ester bonds between 
the hydroxyl and carboxyl groups. The EDC/NHS is not 
binding to polymer molecules [49, 53]. Therefore 
crosslinking medium might be inadequate and crosslinking 
efficiency may not be equal for the samples. 

3.2 Degradation  

Figure 3 shows the weight changes in electrospun 
HA/CMC, HA/NaAlg and HA/CMC/NaAlg crosslinked 
nanofibrous mats and in Seprafilm during the in vitro 
degradation test for a week period. 

 
Figure 3. Degradation ratios of the crosslinked nanofibrous mats 

and Seprafilm 

The critical period for adhesion formation is the first seven 
days after trauma. The mechanism of adhesion formation 
follows a very rapid course in this period. For this reason, 
an ideal surgical adhesion barrier should be able to maintain 
its presence by keeping the tissues separated from each 
other for the first seven days. However, an adhesion barrier 
must biodegrade rapidly in the body after the critical period 
for adhesion formation [55].  Consequently, it has been 
understood that the produced nanofibrous mats could 
protect their structures sufficiently during the critical 
healing period and could continue to separate the organs or 
tissues from each other. 

3.3 Cell adherence potential  

On a cell adherence potential test, adherent cells take a 
shuttle-like shape when they attached to the surfaces. Due 
to this feature of adherent cells, shuttle shaped cells on the 
crosslinked nanofibrous mats and Seprafilm were counted 
microscopically after 24 hours from seeding and the 
calculated percentages are presented in Table 2. 
Microscopic images of the samples are also shown in 
Figure 4 and Figure 5. 
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Table 2. The percentage of cells adhered to the surfaces after 24 hours from seeding (mean ± standard deviation) 

Samples HUVEC cell adherence (%) L929 cell adherence (%)  
HA/CMC 0.78 ± 0.19 0.44 ± 0.19 
HA/NaAlg 0.56 ± 0.51 0.78 ± 0.19 

HA/CMC/NaAlg 0.67 ± 0.33 0.44 ± 0.51 
Seprafilm 0.78 ± 0.19 0.89 ± 0.19 
Control 98.67 ± 0.33 99.00 ± 0.67 

*Control : No adhesion barrier 
 

 

 
Figure 4. Microscopic images of the samples after 24 hours from seeding with HUVEC cells (X10); a) Control, b) HA/CMC, c) 

HA/NaAlg, d) HA/CMC/NaAlg, e) Seprafilm 

 

 
Figure 5. Microscopic images of the samples after 24 hours from seeding with L929 cells (X10); a) Control, b) HA/CMC, c) 

HA/NaAlg, d) HA/CMC/NaAlg, e) Seprafilm 
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Cell morphology is an important identifier of adhesion 
behavior. If the cells adhere to the surfaces, they take the 
shuttle shape and become spread [56]. When the 
microscopic images were analyzed, it was observed that the 
cells did not adhere onto the nanofibrous mats and 
Seprafilm for both cell lines. Their cell adherence potentials 
were lower than 1%. Whereas, cells in the control groups 
had shuttle shape. They adhered to the petri dishes, and 
they were motionless. On the other hand, cells on the 
nanofibrous mats and Seprafilm became round in shape. It 
was noticed that these cells were moving and they could not 
adhere to the surfaces. 

When the cell adherence capacities of the nanofibrous mats 
and Seprafilm were compared statistically to control group 
for both cell lines; it was found that the percentage of cells 
adhered on the sample was significantly low (p < 0.05). 
There was no significant statistical difference between the 
cell adherence potentials of the nanofibrous mats and 
Seprafilm for both cell lines (p ≥ 0.05). 

Although the produced nanofibrous mats possess good 
biological compatibility, they were unsuitable for cell 
adherence. This situation is because of the hydrophilic and 
polyanionic surfaces do not thermodynamically support cell 
attachment and tissue formation [48].  Also, it has been 
reported that the cell attachment can be observed on the 
hydrophobic surfaces more than on hydrophilic surfaces 
[57, 58]. Therefore, low cell adherence on the nanofibrous 
mats may be explained by their high hydrophilicity and 
their polyanionic structure which could prevent the cells to 
be attached. For an ideal adhesion barrier, infiltration or 
adherence of blood or cells should be avoided by using 
proper materials and by controlling precisely pore sizes 
[59]. It was concluded that the produced nanofibrous mats 
had non-adherent cell feature and could show the potential 
to be an ideal adhesion barrier to prevent adhesion of the 
tissues in the surgical operations. 

3.4 Cytotoxicity  

The ideal adhesion barrier should not have any toxic 
effects, and it should not have an effect on wound healing 
in the surgical region. Therefore, possible cytotoxic effects 
of the crosslinked nanofibrous mats and the commercial 

adhesion barrier were evaluated by using the HUVEC and 
L-929 cells according to XTT method. The cell viability 
values obtained after 24 hours were given in Table 3.  

Cell viability rates of the nanofibrous mats were determined 
above 90% for both of the cell lines. Furthermore, the 
nanofibrous mats did not show statistically any significant 
difference in cytotoxicity when compared with the 
Seprafilm and with each other (p ≥ 0.05).  

According to ISO 10993-5:2010 standard, samples are 
considered as non-cytotoxic if the cell viability is above 
70%. To sum up, it was determined that the crosslinked 
nanofibrous mats had any cytotoxic effect towards to both 
of the cells and they could be used in surgical operations. 

4. CONCLUSIONS 

In this study, nanofibrous mats were produced as novel 
surgical adhesion barriers from polysaccharide-based 
polymers, hyaluronic acid, carboxymethyl cellulose and 
sodium alginate, via electrospinning process.  

As CMC, HA and NaAlg used to produce the nanofibrous 
mats were water-soluble polymers, a crosslinking process 
was applied to protect their physical integrity in vitro 
environment. This process was performed with EDC/NHS 
crosslinking medium which do not have toxic effects and 
do not cause damage on morphological properties of the 
surfaces. The average fiber diameters of the uncrosslinked 
nanofibrous mats were obtained between 108-132 nm. 
After the crosslinking, the nanofibers flattened, and the 
average fiber diameter values increased almost doubled. On 
the other hand, it was seen from SEM images that 
Seprafilm had a rough and nonporous structure. 

In the in vitro degradation test, the crosslinked nanofibrous 
mats and Seprafilm have suffered the weight loss in a 
linearly increasing manner for 7 days. While significant 
differences between the degradation ratios of produced 
nanofibrous adhesion barriers and the commercial adhesion 
barrier were not observed on the earlier days, the 
nanofibrous barriers, especially HA/NaAlg and HA/CMC/ 
NaAlg, kept their mass more than Seprafilm on 5th and 7th 
days. It was concluded that the produced nanofibrous mats 
could maintain their presence by keeping the tissues 
separate from each other during the healing process.  

 

Table 3. The percentage cell viability (mean ± standard deviation) 

Sample HUVEC cell viability (%)  L929 cell viability (%)  
HA/CMC   92.12 ± 3.90 97.12 ± 6.00 
HA/NaAlg  95.45 ± 11.00 95.94 ± 13.00 

HA/CMC/NaAlg 91.38 ± 2.80 92.54 ± 11.00 
Seprafilm 97.29 ± 2.10 97.45 ± 2.00 
Control 0.95 ± 0.001 0.99 ± 0.001 
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In vitro cytotoxicity and cell adherence potential of the 
nanofiber mats and Seprafilm were evaluated with HUVEC 
and L-929 cells. According to the cytotoxicity test results, 
cell viability rates of the nanofibrous mats were determined 
above 90% for both cell lines. It was concluded that the 
produced nanofibrous mats were not cytotoxic. On the other 
hand, it was found that cell adherence on the nanofibrous 
mats was very low (below 1%). The cell adherence 
potential test indicated that the produced nanofibrous mats 
could prevent infiltration of blood or cells. 

The cytotoxicity, cell adherence and degradation behaviors 
under in vitro conditions showed that the crosslinked 
nanofibrous mats are have potentials to use as adhesion 
barriers. 
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	Characterization
	Where W0 is original weight (before incubation), and Wn is residual dry weight on the assessment day (after incubation).

