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1.Introduction

The electrospinning process is one of the most well-known
methods for making nano and micrometer diameter fibers
that have a high surface-to-volume ratio. Parameters such
as concentration, feeding rate and voltage play important
roles in the morphology of the electrospun fibers. Some
researchers have conducted researches on the morphology
and electrospinning parameters of poly-caprolactone,
gelatin and chitosan. Based on theie researches, it seems
that the effect of electrospinning parameters on ternary
composites has been paid less attention. For this purpose,
in this research, it has been tried to fabricate scaffolds
made of natural and synthetic polymers. To do so
gelatin/chitosan/polycaprolactone composite nanofibers
were produced using the electrospinning method.

2. Experimental

In order to prepare ternary composite fibers, the
concentration of polycaprolactone, gelatin and chitosan
solutions was considered to be 15, 25 and 3% wit%,
respectively. The electrospinning process was carried out
using an electrospinning machine made by Nanoazma
Company. The solution of polycaprolactone in a 5 ml
syringe and the combination of gelatin-chitosan solutions
in an another syringe were inserted into different pumps of
the device. The feeding rate of the solution for
gelatin/chitosan  solution was 0.2 mil/h and for
polycaprolactone changed from 0.2 to 1.5 ml/h. The
rotation speed of the cylinder was 100 rpm and the applied
voltage was kept constant at 15 kv. Aluminum foil was
used to collect the scaffolds on the collector. The details of
the produced samples are given in Table 1. The samples
were cross-linked in glutaraldehyde vapor with 25% by
weight.

Table I: The details of sample preparation

Sample code Distance(Cm) | Feed rate(ml/h) | Voltage (kv)
PGC1 10 0.2-1.5 15
PGC2 10 0.2-0.6 15
PGC3 10 0.2-0.4 15
PGC4 10 0.2-0.2 15

M 300 WV
Vi Sk 379 pm
SEM MAG: 3.00 bx  Dategmiiys AT

Figure (1) SEM micrograph thaken from samples with
ratios of polycaprolactone to gelatin-chitosan a) 10-90 and
b) 40-60.

3. Results and discussion

FTIR study shows the presence of chitosan and gelatin in
the gelatin-chitosan samples. Also after cross-linking, a
new peak appeares at the wave number of 1030 cm™.

The SEM images for samples with ratios of
polycaprolactone to gelatin-chitosan 10-90 and 40-60 are
shown in Figures (1-a) and (1-b) respectively.
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Contact angle test was done on the samples. The results
show the dependency of contact angle on the percentage of
gelatin-chitosan to polycaprolactone. In another word
hydrophilicity of PCL will be changed in the presence of
gelatin and chitosan. Breifly, the contact angle of the
scaffold made of PCL is about 98 degrees, while the
addition of gelatin and chitosan significantly reduces it to
about 22. Figure (2) shows the results of contact test for
pure PCL and PGC4 samples.

b)
Figure 2: The results of contact test for

a) Pure PCL b) PGC4

Evaluation of degradability in phosphate buffered saline
solution shows that the weight loss of the scaffolds
promotes as time increases from 1 to 28 days. Considering
that the nature of polycaprolactone is hydrophobic and the
nature of gelatin-chitosan is hydrophilic. The highest rate
of degradation is in gelatin-chitosan fibers with more than
50% degradation after 28 days and the lowest degradation
rate is related to the sample containing 70% by weight of
PCL with less than 23% degradation after 28 days.

4. Conclusion

Polycaprolactone-gelatin-chitosan ternary composites
with different weight ratios of polycaprolactone (70, 80,
90 and 60) were made by double-sided electrospinning
method. The samples were cross-linked in glutaraldehyde
vapor with 25% by weight. Microscopic evaluation
indicated the proper formation of the composite. FTIR
analysis confirmed the bonding between the components
in the composite samples. Also, the results of the water
contact angle test showed promotion the hydrophilicity of
the PCL scaffold by adding gelatin and chitosan. The
contact angle of pure PCL reached from 98 degrees to
about 22 degrees at the presence of gelatin and chitosan.
The evaluation of degradability in phosphate buffered
saline solution showed that the weight loss of the
fabricated scaffolds occurs with the passage of time from
1 to 28 days for all scaffolds. Because of the nature of
polycaprolactone and gelatin-chitosan, the highest
degradation rate after 28 days belongs to gelatin-chitosan
fibers with more than 50% and the lowest degradation rate
related to the sample containing 70 wt% PCL with less
than 23%.
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Characterization of Polycaprolacton/ Gelatin/ Chitosan Scaffold fabricated by Dual
Electrospinning Method

Mina Parnian Seyed Mojtaba Zebarjad

Abstract In the present study, a design for the construction of poly-caprolactone (PCL)/gelatin (GEL)/chitosan (CS)
scaffolds has been proposed in order to increase performance in tissue engineering. The artificial polymer PCL is used
to increase the mechanical properties of the scaffold, and two natural polymers GEL and CS are used as factors in the
proliferation of cells. Polycaprolactone-gelatin-chitosan ternary composites with different weight ratios of
polycaprolactone (70, 80, 90 and 60) were made by double-sided electrospinning method. The samples were cross-linked
in glutaraldehyde vapor with 25% by weight. Microscopic evaluation indicates the proper formation of the composite.
FTIR analysis confirmed the bonding between the components in the composite samples. Also, the results of the water
contact angle test showed promotion the hydrophilicity of the PCL scaffold by adding gelatin and chitosan. So that the
contact angle of pure PCL reaches from 98 degrees to about 22 degrees with the presence of gelatin and chitosan. The
evaluation of degradability in phosphate buffered saline solution showed that the weight loss of the fabricated scaffolds
occurs with the passage of time from 1 to 28 days for all scaffolds. Because of the nature of poly-caprolactone and gelatin-
chitosan, the highest degradation rate after 28 days in gelatin-chitosan fibers is more than 50% and the lowest
degradation rate related to the sample containing 70 wt% PCL is less than 23%.

Keywords Polycaprolacton, Gelatin, Chitosan, Electrospinnin, Scaffold.
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