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Abstract 

Due to the prevalence of cardiovascular diseases and their growing trend throughout the world, including Iran, efforts to treat 

these types of diseases have increased. There are lots of therapies for restoring cardiovascular function include organ transplants, 

reconstructive surgery, the use of mechanical or artificial devices, and the use of metabolic products. Although these methods are 

commonly used, they cause problems due to donor limitations, such as biocompatibility, infection, and tissue rejection by the 

patient. Meanwhile, vascular tissue engineering with the aim of building biocompatible and efficient vessels to replace lost 

vessels has created high hopes for the treatment of lesions. In this article, we used polyglycerol sebacate polymer (PGS) due to 

the properties such as high biocompatibility, good cell adhesion, controllable degradation rate and desirable mechanical 

properties, and combined it with polycaprolactone polymer (PCL) and gelatin to fabricate 3D scaffolds by electrospinning 

method. We also added vascular endothelial growth factor and then analysed the endothelial differentiation of mesenchymal stem 

cells. The expression of CD31 and VEGF-R2 genes has been measured by qPCR method, which revealed reasonable results. 
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1. Introduction 

Given the prevalence of cardiovascular diseases and the 

increasing trend of myocardial infarction in developing 

countries, which causes permanent and irreversible cell death 

and destruction in a part of the heart muscle (myocardium), 

we realize the need to take steps towards treating these defi-

ciencies. Given the increasing demand for organ transplanta-

tion and the shortage of organs and tissues (Organ Procure-

ment and Transplantation Network, 2014), tissue engineers 

have turned to the development of synthetic analogues. This 

approach involves the proliferation of cells from a small 

number of stem cells and then culturing them in temporary 3D 

scaffolds to form new tissue or organs. In the meantime, 
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vascular tissue engineering, with the aim of constructing 

biocompatible and efficient vessels to replace lost vessels 

(such as coronary arteries during a heart attack), has created 

great hopes for the treatment of these lesions. Traditionally, 

vascular tissue engineering has used co-culture of vascular 

smooth muscle cells (SMCs) and endothelial cells on collagen 

scaffolds, degradable scaffolds, or decellularized vessels [1-3]. 

Since access to endothelial cells and smooth muscle cells 

(SMCs) requires sacrificing existing blood vessels, stem cells 

have gained a special place in vascular tissue engineering due 

to their easier accessibility and ability to proliferate and dif-

ferentiate into various cell types, including endothelial cells 

and smooth muscle cells (SMCs), both inside [4] and outside 

the body [5, 6]. A blood vessel has a highly porous fibrous 

layered structure with cells with different phenotypes in each 

layer. Among these different cells, endothelial cells have been 

the focus of many studies [7]. 

For endothelial culture and differentiation, both embryonic 

stem (ES) cells and adult stem cells, which are extracted from 

different sources (such as mesenchymal stem cells, hemato-

poietic stem cells, and skeletal satellite myoblasts), have been 

used [8]. Among them, mesenchymal stem cells are the most 

promising option in the field of cell therapy due to their ease 

of isolation and culture, as well as their ability to infiltrate and 

their immune properties. Although MSCs from different 

sources have common features, they also show important 

differences. These differences may indicate the unique local 

properties of the cavities from which the cells originate [9]. 

Accordingly, in this study, adult bone marrow-derived mes-

enchymal stem cells were used. In addition to the type of stem 

cell selected, the biochemical and biomechanical environment 

also has a significant effect on stem cell differentiation [7]. 

From this perspective, the type of culture medium and the 

types of physical and chemical stimuli can be considered the 

most important factors. The superiority of cell culture on 3D 

polymer scaffolds compared to other methods (including cell 

culture on plates) has been proven in numerous studies [10, 

11]. 

At first glance, natural polymers provide a better envi-

ronment for cell attachment and growth because they are 

cheaper than synthetic polymers and have better biocompati-

bility by mimicking the extracellular matrix components 

produced by cells. However, variation in the quality of natural 

polymers is inevitable because they are extracted from dif-

ferent sources and batch variations are inevitable even when 

natural polymers are extracted from the same source and 

affect the reproducibility of studies [12]. On the other hand, 

synthetic polymers can be produced in high quantities and 

quality due to their flexibility and good mechanical properties 

and relatively easy reproducibility; therefore, their intelligent 

combination with synthetic polymers with the aim of bene-

fiting from the advantages of both can be very helpful [13, 14]. 

In previous studies, a wide range of synthetic polymers are 

used to make tissue engineering scaffolds. Meanwhile, poly-

glycerol sebacate (PGS) polymer has been considered suitable 

for soft tissue engineering such as vascular endothelial layer 

due to its high biocompatibility, good cell adhesion, and 

controlled polymer degradation rate [15], but it does not have 

desirable mechanical properties to withstand the physiologi-

cal and tense vascular environment. Therefore, in this study, 

by adding polycaprolactone (PCL) polymer [16] and a small 

amount of gelatin [17] to PGS polymer and fabricating a 

fibrous scaffold using electrospinning [18], we sought to 

integrate biocompatibility and appropriate mechanical be-

havior in the scaffold to withstand the tense environment of 

the vascular endothelial layer. 

In all studies, in order to increase the efficiency of the cell 

culture and differentiation process and the possibility of its 

clinical application, various physical and chemical stimuli 

have been used, the most important of which are electrical 

stimulation [19], mechanical shock [20] and growth factor 

[21]. Among them, growth factor has the greatest effect and 

by accelerating the process, it enables the clinical application 

of this method. It has been reported that the presence of vas-

cular endothelial growth factor (VEGF) stimulates endothelial 

differentiation of mesenchymal stem cells by increasing the 

expression of specialized endothelial markers at the gene and 

protein expression levels [22]. Endothelial cells differentiated 

from embryonic stem cells of the living model, which are 

capable of proliferating in the laboratory environment, pro-

vide a suitable model for studying the developmental mech-

anisms of endothelial cells and may lead to the development 

of new therapeutic methods. Despite the large number of 

studies conducted, endothelial differentiation of stem cells 

remains one of the challenges in tissue engineering science 

due to the extreme sensitivity of the outcome of this approach 

to all details of the implementation protocol [23], and efforts 

to improve the outcome of this process by changing parame-

ters and protocols continue. 

In this study, we are trying to simulate the mechanical 

conditions of the vascular environment (including the appro-

priate amount of tension, strain, and diameter of the vessels, 

as well as the desired elastic properties) for cell culture and 

differentiation in the laboratory by producing a new fibrous 

scaffold with a combination of PGS, polycaprolactone, and 

gelatin using the electrospinning method, so that we can 

achieve a desirable result in the endothelial differentiation of 

mesenchymal stem cells derived from the bone marrow of 

adults with the presence of the VEGF growth factor. Also, 

while evaluating the endothelial differentiation potential of 

the prepared scaffold, we measure the expression level of 

specialized endothelial genes (including CD31, VEGF-R2) of 

mesenchymal stem cells cultured on the scaffold using qPCR. 

Considering the results of this research and other studies, it is 

believed that the scaffold in question has the desired charac-

teristics for this task, and increases the expression of spe-

cialized genes that indicate endothelial differentiation of stem 

cells cultured on the scaffold. It is also predicted that the 

presence of VEGF growth factor in this scaffold will increase 

the expression of specialized endothelial markers of mesen-
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chymal stem cells compared to scaffolds without growth 

factor. 

2. Method 

This research is an experimental and applied study that is 

divided into several main steps; including the construction of 

scaffolds by electrospinning, adding growth factors to mes-

enchymal stem cells, and examining the differentiation of 

these cells into endothelial cells. All the steps that were im-

plemented for this study are as follow. To synthesize poly-

glycerol sebacate polymer, a 1:1 molar ratio of sebacate acid 

and glycerol was placed in a three-necked flask under 99% 

pure nitrogen gas using a nitrogen capsule and heated on a 

heating stirrer at 130°C for 10 minutes. The temperature was 

then reduced to 120°C; this process was repeated for 24 hours 

to form a honey-colored viscous liquid containing polyglyc-

erol sebacate prepolymers. The product obtained from this 

process was placed under vacuum using an Edwards pump to 

continue the polymerization process and remove the remain-

ing water. 

Nuclear magnetic resonance testing is a physical phe-

nomenon based on quantum mechanics. Nuclear magnetic 

resonance occurs when nuclei aligned with an applied field 

absorb energy and change their spin direction relative to that 

field. Now, if the field disappears, radiation is emitted from 

the atom, which is called nuclear magnetic resonance. NMR 

testing evaluates this resonance for the quantitative and qual-

itative identification of molecules. The sensitivity and re-

solving power of the NMR testing device increases with in-

creasing magnetic field strength [24]. To confirm the synthe-

sis of PGC in this study, a sample of the polymer was sent for 

NMR testing. This test was performed with a Bruker device 

using dimethyl sulfoxide solvent at a weight-volume ratio of 

20 mg/cc and the results were analyzed using MestreNova400 

software. 

The volume/weight ratio of solvent to polymer and the 

weight ratio of PCL to PGS, for preparing the electrospinning 

solution in this study, were 15% and twice, respectively. Thus, 

0.3 g of polymer including 0.2 g of PCL and 0.1 g of PGS was 

dissolved in 2 cc of solvent. The solvent was also the result of 

a combination of 1.8 cc of chloroform and 0.2 cc of ethanol. 

To add gelatin to the electrospinning solution, a 1% solution 

of gelatin was first prepared using dimethyl formamide (DMF) 

solvent. Given the large molecular weight of the polymer and 

the difficulty of dissolving it, the preparation of this solution 

was carried out over a period of one day and with continuous 

heating and stirring in a stirrer. Then, to achieve a concentra-

tion of less than 0.1% gelatin in the final electrospinning 

solution, 20 µl of this mixture was added to the PGS/PCL 

solution and mixed in a sonication device for 2 hours at 

10-minute intervals and for 5 minutes each time to provide a 

homogeneous final mixture for electrospinning. Finally, using 

a Nanoazma model ES electrospinning device with a 22 gauge 

needle, a voltage of 12.8 kV, a distance from the collector of 

15 cm and a flow rate of 0.3 ml/h, a fibrous structure without 

moths was obtained. 

FTIR or infrared spectroscopy is a method in which the 

absorption of radiation and vibrational oscillations of poly-

atomic molecules and ions are examined. To qualitatively 

identify an unknown sample, the type of functional groups 

and bonds in its molecules, the infrared spectrum of the 

sample is plotted and, by referring to tables containing the 

vibrational positions of different bonds or the IR spectrum of 

objects, the wavelength or wave number of the groups and 

bonds is identified. The characteristic of FTIR is that all 

wavelengths of the desired spectral region are radiated to the 

sample at the same time; therefore, the speed, resolution and 

signal-to-noise ratio of the Fourier transform method are 

significantly superior to the conventional IR method [26]. 

We used the FTIR test to confirm the presence of functional 

groups of polymers in the chemical structure of the final 

compound. Microlab software was used for the analysis of 

the experiment in the range of 650-4000 cm-1 and a resolu-

tion of 16 cm-1. 

Sample preparation based on conductivity, material, hard-

ness, size, surface quality, and other properties is a necessary 

and decisive step before SEM imaging. Samples should be in 

solid or liquid form with low vapor pressure, as well as rigid, 

clean, and electrically conductive. The size limit of the sample 

is determined by the design of the scanning electron micro-

scope; typically, samples of 15 to 20 cm in size can be ac-

commodated in the microscope. Standard metallographic 

polishing and etching methods are sufficient for electrically 

conductive materials; however, nonconductive materials are 

usually coated with a thin layer of carbon, gold, or gold alloys 

[27]. The electrospun scaffold in this study was subjected to a 

vacuum of 10 mbar for 1 min using a Desktop Magnetron 

sputtering device to form a gold coating of approximately 10 

nm in diameter on it. Then, SEM imaging was performed 

using a Hitachi SU3500 electron microscope under vacuum 

and voltage of 15 kV. 

2.1. Scaffolding Preparation 

All scaffolds in this study were first washed twice with 70° 

alcohol for sterilization and after complete evaporation of the 

alcohol, they were exposed to UV radiation for 20 minutes. 

Considering the acidic nature of PGS polymers and to prevent 

the effect of acidity on cell growth, the scaffolds were im-

mersed in 0.1N NaOH, which had previously been sterilized 

with a 0.2 µm filter, for 1 hour, and then washed three times 

with PBS for 5 minutes each time. 

2.2. Cell Culture 

In this project, human bone marrow mesenchymal stem 

cells between passages 3 and 8 were used. All cells were 

cultured under standard cell culture conditions using DMEM 

F12 medium containing 1% Penstrep and 10% FBS, in a 37°C 
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incubator under 100% humidity and 5% CO2 concentration 

using 25, 75, and 96- and 48-well SPL polystyrene flasks. Cell 

culture was performed in the following steps4 

1) Removing the cells from the nitrogen tank and defrost-

ing and thawing them using a 37°C water bath. 

2) Adding complete culture medium (DMEM 

F12+10%FBS+1%Penstrep) to the cells at a CC1 level 

and homogenizing them. 

3) Add cells to 5 cc of complete culture medium in a 15 cc 

Falcon tube and then centrifuge the resulting suspension 

at 300 g for 5 minutes and discard the supernatant. 

4) Homogenize and count cells using a Neobar slide. 

5) Add complete culture medium to the cell culture flask 

and then add cells. 

6) Incubate the cell culture flask in a CO2 incubator and 

check it every 24 hours. 

7) Passage the cells after the cells have grown to the point 

where they fill 80% of the cultured surface. 

To separate the cells, 2 ml and 4-5 ml of Trypsin/EDTA 

enzyme were added to T25 flasks and T75 flasks, respectively, 

and placed in a CO2 incubator for 2 to 4 minutes. After the 

cells were separated, the enzyme effect was examined by 

adding twice the complete culture medium and the resulting 

suspension was centrifuged in a 15 cc Falcon tube at 300 g for 

5 minutes. Then, the supernatant was discarded and 1 ml of 

culture medium was added to the resulting pellet and ho-

mogenized by pipetting. Finally, cell counting was performed 

and then, if necessary, the cells were re-cultured or frozen. In 

order to freeze the cells, 900 µl of FBS was mixed with about 

one million cells (cell pellet), and the resulting suspension 

was transferred to a vial. Then, 100 µl of DMSO was added to 

it in the presence of dry ice, and the cryovial was kept at -20°C 

for 2 hours and then at -80°C for 24 hours and finally trans-

ferred to a nitrogen tank. 

3. Discussion 

3.1. NMR Test 

Figure 1 shows the H-NMR spectrum of the PGS polymer 

in the study of Budach et al., and Figure 2 is from the present 

study. In this spectrum, the peaks located at ppm 1.1, ppm 1.6 

and ppm 2.3 are related to the -CO-CH2-CH2-CH2- group in 

sebacic acid and the peaks located at ppm 4.2 and ppm 5.2 are 

related to the -CH2-CH- group in glycerol. While the peak of 

DMSO as a solvent is seen at 2.5 ppm and the peak related to 

water residues is seen at 3.3 ppm. These results are similar to 

what has been reported by other researchers, confirming the 

presence of PGS functional groups in the final product and the 

correct process of PGS synthesis [31]. 

 
Figure 1. Confirmation of PGS synthesis by comparing H-NMR 

spectra obtained from PGS synthesis. 

 

Figure 2. Confirmation of the synthesis of PGS of the present study, 

based on the results of the H-NMR spectrum obtained from the syn-

thesis of PGS. 

3.2. SEM Test 

The success rate in producing fibrous scaffolds from PCL 

and PGS polymers in a two-to-one ratio and the presence of 

0.1% gelatin by electrospinning is evident in the SEM images 

of the scaffolds prepared in this study in Figure 3. 
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Figure 3. Images from SEM imaging at different magnifications. 

It can be seen that the produced fibers are fully intertwined 

and produce a relatively dense scaffold, which can affect the 

final properties of the scaffold. It is also clear from 

high-magnification micrographs that these fibers have a di-

ameter of less than 1 μm. 

To more accurately examine the size distribution of the 

produced microfibers, Image J image processing software was 

used, and the resulting histogram is shown in Figure 4. 

According to Figure 4, it is clear that the fiber diameter 

size distribution was non-uniform and the largest number of 

produced microfiber diameter sizes were in the range of 0.2 

to 0.4 μm. For a more detailed examination, the statistical 

parameters extracted from this measurement are reported in 

Table 1. 

 

Figure 4. Histogram of the size distribution of the diameter of microfibers related to fibers produced by electrospinning containing PCL and 

PGS polymers in a ratio of two to one in the presence of 0.1% by weight of gelatin. 

Table 1. Statistical parameters extracted from measurements of the diameter size distribution of microfibers related to fibers produced by 

electrospinning containing PCL and PGS polymers in a ratio of two to one in the presence of 0.1% by weight of gelatin. 

Largest diameter 

(μm) 

Smallest diameter 

(μm) 

Average fiber diam-

eter size (μm) 

Average fiber diameter 

size (μm) 

Number of 

measurements 

Sample 

5.1 6.50 6..2 6..0 16 PCl/PGS/gel 

 

According to Table 1, it is observed that the average di-

ameter of the produced fibers was 0.28 ± 0.48 μm. It is also 

clear from this measurement that the smallest and largest 

diameters observed were 0.16 and 1.5 μm, respectively. This 

non-normal size distribution with a standard deviation of 

more than half the average value could indicate the relative 

heterogeneity of the produced fiber. 

3.3. FTIR 

FTIR tests were performed for PGS, PCL, and gelatin, as 

well as the final scaffold composition (PGS/PCL/gelatin), 

and the results are shown in Figures 5-8, respectively. In 

these graphs, the vertical axis represents the percentage of 

absorption intensity and the horizontal axis represents the 

wavelength. In Figure 5, the peaks observed at wave num-
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bers 3466 cm-1, 2855 cm-1, and 2929 cm-1 are respectively 

related to the stretching vibration of O-H bonds, and the 

symmetric and asymmetric stretching vibration of C-H 

bonds (in the form of (-CH2) structures. The intense peak 

seen at wave number 1736 cm-1 is related to the stretching 

vibration of C=O double bonds in the PGS polymer. In ad-

dition, the symmetric and asymmetric stretching vibration of 

C-O and C-O-C bonds in the crystalline and non-crystalline 

structures of PGS has created multiple bonds in the wave 

number range of 1043 cm-1 to 1162 cm-1. The bending 

vibration of C-H bonds has also led to various absorption 

peaks in the wave number range of 1379 cm-1 to 1461 cm-1. 

Also, the peaks located at 946 cm-1 and 1162 cm-1 723 are 

also due to the rocking and dancing vibrations of C-H bonds, 

respectively [34]. In the spectrum obtained from the PCL 

polymer in Figure 6, the peaks located at wave numbers 

2862 cm-1 and 2944 cm-1 are due to the symmetric and 

asymmetric stretching vibrations of C-H bonds (in the form 

of (-CH2) structures, respectively. The intense peak related 

to the stretching vibration of the C=O double bonds, which is 

due to the ketone group present in PCL, is also located at 

wave number 1729 cm-1. In addition, the peaks located at 

wave numbers 1297 cm-1, 1237 cm-1 and 1162 cm-1 are 

related to the stretching vibration of C-C bonds, the asym-

metric stretching vibration of C-O-C bonds and the sym-

metric stretching vibration of the same bond in the crystal 

structure of the polymer, respectively. The bending vibration 

of C-H bonds also produced various absorption peaks in the 

range of wave numbers from 1364 cm-1 to 1468 cm-1. Also, 

the peaks located at wave numbers from 1103 cm-1, 1043 

cm-1, 961 cm-1 and 730 cm-1 are due to the stretching vi-

bration of C-O-C bonds and the stretching vibration of C-C 

bonds in the non-crystalline structure of PCL, and the 

rocking and dancing vibrations of C-H bonds, respectively 

[35]. According to Figure 7, the peaks observed at wave 

numbers 3294 cm-1, 3399 cm-1, 2892 cm-1, 2944 cm-1 and 

3048 cm-1 are related to the stretching vibrations of O-H and 

N-H bonds, the symmetric and asymmetric stretching vi-

brations of C-H bonds and the stretching vibration of bonds 

connected to aromatic rings, respectively. The stretching 

vibration of carboxyl and carbonyl bonds (C=O), and the 

stretching vibration of C-N bonds in primary amine groups 

present in gelatin also created absorption peaks at wave 

numbers 1640 cm-1 and 1535 cm-1, respectively. Also, 

peaks in the range of wave numbers 1334 cm-1 to 1446 cm-1 

have emerged due to the bending vibrations of C-H bonds. 

The observation of absorption peaks at 1238 cm-1 and 11070 

cm-1 indicates the presence of C-O and C-O-C bonds in the 

gelatin used. The peak resulting from the dancing vibrations 

of C-H bonds in CH2 groups is also located at wave numbers 

738 cm-1 and 700 cm-1 [36]. In Figure 8, the symmetric and 

asymmetric stretching vibration of C-H bonds in CH2 and 

CH3 groups has created several absorption peaks in the wave 

number range of 2800 cm-1 to 3000 cm-1. The intense peak 

related to the stretching vibration of C=O double bonds in 

the composite under study is located at wave number 1729 

cm-1, which is related to this bond in all three PCL, PGS and 

gelatin compositions. The peaks observed in the range of 

2800 cm-1 to 3000 cm-1 wave number are also related to the 

bending vibration of C-H bonds and the stretching vibration 

of C-O bonds in the two polymers used as well as gelatin. 

Also, the intense peak located at about 1215 cm-1 is related 

to the asymmetric stretching vibration of C-O-C bonds; and 

the peaks due to the dancing vibrations of C-H bonds also 

appeared at the wave numbers of 1745 cm-1 and 1670 cm-1. 

Therefore, the presence of all three compounds of PCL, PGS 

and gelatin in this composite can be proven from the results 

of the FTIR test [34, 37]. 

 
Figure 5. FTIR test result for PGS polymer. 

 
Figure 6. FTIR test result for PCL polymer. 
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Figure 7. FTIR test result for gelatin polymer. 

 

Figure 8. FTIR spectrum for fibrous scaffold (PGS/PCL/gelatin). 

3.4. Investigating the Hydrophilicity of Scaffolds 

Using the Water Contact Angle Test 

Figure 9 was prepared to investigate the water contact angle 

of the final fabricated scaffold (PGS/PCL/gelatin) at times of 

10, 20 and 30 seconds. The results show that with the passage 

of time, the water contact angle has decreased significantly, 

indicating the hydrophilicity of the fabricated scaffold. These 

findings are also consistent with the chemical structure of 

PGS and the presence of hydroxyl functional groups that are 

responsible for the hydrophilicity of this polymer. 
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Figure 9. Water contact angle images for electrospun scaffold (PGS/PCL/gelatin) at times of 10, 20 and 30 seconds. The water droplet contact 

angle has decreased significantly with increasing time. The decrease in the water droplet contact angle means that the produced composite is 

hydrophilic. In other words, due to the presence of polar groups such as -OH and -NH in the chemical structure of PGS polymer and gelatin, the 

hydrogen bond formed between these groups and water molecules causes the water droplet to spread on the composite and therefore reduces 

the contact angle over time. 

3.5. Evaluation of Scaffold Mechanical 

Properties 

Uniaxial tensile testing was performed on three samples of 

the final scaffold. The position of the fibrous scaffold during 

the tensile test is depicted in this figure. Fortunately, the 

mechanical properties of the PGS, PCL and gelatin composite 

are very favorable compared to the PCL/PGS composite [38] 

and the PGS/gelatin composite previously investigated by 

other researchers. 
 

Figure 10. Result of tensile test in the form of stress-strain curve. 

Table 2. Quantitative results from tensile testing of manufactured scaffolds. 

Toughness 

(MPa.m0.5) 

Failure strain 

(%) 

Failure stress 

(MPa) 

Uniform strain 

(%) 

Tensile strength 

(MPa) 

Young's mod-

ulus (MPa) 
SAMPLE 

5213..0 5.0.1 2..1 21.0 .0.2 6..1. PCL/PGS/Gel 

 

In Table 2, the slope of the part of the curve where the stress 

changes linearly with strain is equivalent to Young's modulus, 

and the stress and strain at the maximum point of this curve 

represent the tensile strength and uniform strain, respectively. 

Also, the stress and strain at failure are the points after which 

the stress decreases abruptly and at a constant strain. The 

toughness is also obtained from the area under the 

stress-strain curve. 

Evaluation of Cell Viability on Scaffolds 

To investigate the toxicity of the scaffold 

(PGS/PCL/gelatin) and to evaluate the viability of cells cul-

tured on it, the MTT test was performed. No significant dif-

ference in the rate of cell metabolism, which is an indicator of 

cell growth and proliferation, was observed in any of the 

tested times in the experimental and control groups 

(P-value>0.05); however, on different days and with the 

lengthening of the cell culture time, the rate of cell metabo-

lism increased significantly in both the control and experi-

mental groups (P-value<0.05) (Figure 10). 

4. Conclusion 

In previous studies, favorable results were obtained from 

the use of PGS and PCL polymers in the treatment of heart 

valve disease; also, a bone scaffold made of PCL and gelatin 

has been made through electrospinning, which has the nec-

essary strength for use. In this study, an attempt was made to 

construct an electrospun fibrous scaffold made of PGS, PCL, 

and gelatin polymers, and to investigate endothelial differ-

entiation by VEGF growth factor on this scaffold in a la-

boratory environment. Mesenchymal stem cells were cul-

tured on the scaffold and exposed to 50 mg of VEGF to 

examine the expression of specialized markers CD31 and 

VEGF-R2. 
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Environmental conditions such as temperature, air flow, 

and humidity affect the quality of the fiber obtained from 

electrospinning, and their continuous control during the pro-

cess is essential. Another effective factor in the electrospin-

ning process is the parameters related to the solvent. When the 

polymers dissolve in the solvent, dipoles and ions are created 

that affect the quality of electrospinning. To solve this prob-

lem, the solvent must have a certain concentration to make it 

easy to control the dipole quality of the material. Also, the 

parameters of the device, including the type of needle, the 

distance to the collector, the voltage and the speed, have a 

direct effect on the characteristics of the final fiber. As the 

needle leaves the collector head, the surface tension force 

prevents this action, and whenever the dipole force caused by 

the electric field exceeds the tension force, the droplet is 

thrown. Then, the droplet must move forward in a spiral, 

which is called a Taylor cone; if the spiral movement is con-

trolled in real time with SEM, the conditions are monitored in 

real time, and if the results are correct, the work continues 

with the same conditions. 

The synthesis of PGS in this study was confirmed after 

observing the desired functional groups in the NMR test. The 

formation of polymer particles was also confirmed by meas-

uring the weight of the PGS polymers using the GPC test. 

Examination of the fiber structure with SEM indicates the 

success of the electrospinning process. According to the FTIR 

results and the detection of specific bonds by comparing the 

characteristic peaks, the presence of all three compounds PGS, 

PCL and gelatin in the composite was proven. The findings 

from the investigation of the hydrophilicity of the scaffold or 

the water contact angle test are consistent with the chemical 

structure of PGS and the presence of hydroxyl functional 

groups responsible for the hydrophilicity of this polymer. 

After the axial tensile test of the scaffold, it was observed that 

the mechanical properties of the PGS, PCL and gelatin 

composites were improved compared to the PCL/PGS com-

posite and the PGS/gelatin composite that were investigated 

by other researchers. The viability of cells cultured on the 

plate using the MTT test on the second, fourth and sixth day of 

culture yielded favorable results, indicating the low toxicity of 

the scaffold used. Also, cell attachment to the scaffold was 

examined using SEM images and imaging using Dapi staining, 

both of which indicate proper and efficient cell adhesion. 

Finally, the expression levels of specialized endothelial 

markers in each experimental group were measured using the 

qPCR test and compared with the expression levels of the 

GAPDH marker in the same group; these results indicate a 

significant increase in the expression of the two genes CD31 

and VEGF-R2. 
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