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Abstract. Heart failure is a serious major health problem with high number of mortality per 

year. Bypass is one of solutions that has often been taken. Nowadays, synthetic materials have been 

fabricated from polymers to solve  disadvantages which are provided by autograft, allograft and 

xenograft. The aim of this research  is to make a synthetic vascular graft with great physical 

strength, high biocompatibility, and good affordability. The method of this research was mixing 

PLGA and collagen by magnetic stirrer. This composite were shaped by spinneret with water as 

coagulant. Then it was coated by chitosan with 3 variations of weight (1 %wt, 2 %wt, and 3 %wt) to 

increase  hemo and cytocompatibility, proliferation, and cell attachment in order to  make vascular 

graft candidates to be more biocompatible. Mechanical strength for each variation was 5,306 MPa 

(chitosan 1 %wt), 3,433 MPa (chitosan 2 %wt) and 3,745 MPa (chitosan 3 %wt). All  tensile values 

were higher than human vascular tensile strength. Toxicity test showed that  living cells in all 

variations were more than 60% in number, thus this vascular graft is not toxic.Hemolytic assay 

showed that the lowest coagulation was provided by sample with 3 %wt chitosan. 

Introduction 

Heart failure is a major health problem. The prevalence of heart failure has tendency to be 

increased year by year. Most of patients diagnosed with heart failure still have around five years of 

life expectancy. There were approximately 250.000 patients died because heart failure each year, 

and that number has increased 6 times in  last 40 years. The usage of natural materials or synthetic 

materials to replace part of a blood vessel in  patient's recovery efforts has become very necessary 

[1]. 

The vascular graft which are made from  pig aorta, bovine endothelial cell, rat cortex cerebral, or 

other xenograft materials (from another species) could hardly be developed in Indonesia due to 

several ethical problems and unsuitable societal paradigm. Stem cell development mainly the usage 

of non sterile medium such xenograft might cause zoonotic  infection for human. 

Even  stem-cell-based medication of heart failure is believed to be future solution, this method is 

still unable to produce dramatic solving and cannot be practiced widely. One of  reasons is the fact 

that only 0.5 – 5% of injected stem cells remain in  targetted tissue while the rest just go through. 

Stem cell process is also very costly and time-consuming. In addition, there is also a problem to 

avoid contamination in laboratory. Moreover, when the product of stem cell is ready to be used, the 

cost which must be paid by the patient is very high. In contrary, there are more feasible procedures 

with other materials that could be done to minimize financial problem of heart failure and 

arteriosclerotic patients. Thus, a vascular graft made of synthetic polymers is developed. In the 

world, nowadays, polymers that have been used for vascular graft are PET, PTFE, Dacron, and 

several others. Each type of artificial vascular graft has advantages and disadvantages when viewed 

from its strength and biocompatibility. This study has been used Poly-L glycolic (PLGA). Lactid 
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glycolic acid compound itself tends to be not toxic because it is actually also a byproduct of 

metabolism. According to aforementioned backgrounds, an innovation of producing a vascular graft 

based on synthetic material Poly Lactid co Glycolic acid (PLGA) coated by chitosan in the form of 

micron hollow fiber was developed in this research. The purpose of using chitosan was to increase  

material’s hemocompatibility and cytocompatibility, cell proliferation, and cell attachment. The 

PLGA was combined with bovine bone collagen to get a better modulus of elasticity that shown by 

ultimate tensile strength [2]. 

 

Materials and method 

Materials 

The materials used in this study were PLGA (Mw 100.000), DMF as solvent, bovine bone 

collagen, chitosan, acetic acid as solvent of chitosan, spinneret, and dip coating properties.  

Method 

There were three process of creating hollow fiber PLGA. The first process was creating a 

homogenous solution. PLGA and bovine bone collagen were solved in DMF with concentration of 

46%. Composition of  solute was 76% PLGA and 24% bovine bone collagen. Solution was stirred 

without heating with velocity of radian 100 rpm for 5 hours. After that, solution was put in 

refrigerator for 24 hours.The second process was creating a hollow fiber with spinneret. The inert 

Nitrogen gasses were used to push solution out from syringe.  The coagulant used in this process 

was water. The distance between the end of syringe and the coagulant bath was 2 cm. The result of 

spinneret can be seen on figure 1. 

The third process was coating  hollow fiber with chitosan. There were three variation of chitosan 

concentration 1%wt, 2%wt, and  3%wt. Chitosan was dissolved in acetic acid. Then, the hollow 

fiber was dipped in chitosan solution for 2 hours and dried with oven in  temperature of 40
o
 C for 24 

hours. 

 

 
Fig 1. Hollow fiber PLGA-bovine bone collagens 

 

The fourth process was mechanical, biological, chemical and physical characterization. 

Mechanical characterization was tensile strength test with autograph. Cytotoxicity test as biological 

characterization used MTT Assay. The physical characterization was microscopy test used scanning 

electron micrograph and chemical characterization was hemocompatibility test used hemolysis 

method. 

 

Results 

Ultimate Tensile Strength 

The mechanical properties evaluations were done to acquire the values of hollow fiber’s 

mechanical quality. A tensile strength test was done with two repetitions. 
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Table 1. Result of Tensile Strength Test 
Sample 

(concentration of chitosan) 

Ultimate Tensile Strength 

(MPa) 

1 %wt 5.306 

2 %wt 3.433 

3 %wt 3.745 

 

The extension rate of autograph used in this research was 5 mm/minute. The average diameter of 

hollow fiber sample tested in autograph was 2 mm.  

 

Cytotoxicity Test 

The second evaluation was cytotoxicity test using Baby Hamster Kidney cell 21 (BHK 21) by 

MTT assay method. 

 

Table 2. MTT Assay Result 
Sample 

(concentration of 

chitosan) 

OD Media Control OD Cell Control OD Sample % Live Cell 

1 %wt 0.129 0.125 0.117 95.7 

2 %wt 0.130 0.124 0.105 92.5 

3%wt 0.126 0.120 0.110 95.7 

Morphological 

 

  
(a) (b) 

  
(c) (d) 

  

(e) (f) 

Fig 2. Hollow fiber PLGA-collagen coating chitosan 1 %wt with magnification 100× (a), inner 

surface of hollow fiber PLGA-collagen coating chitosan 1 %wt with magnification 350× (b), 

Hollow fiber PLGA-collagen coating chitosan 2 %wt with magnification 150× (c), inner surface of 

hollow fiber PLGA-collagen coating chitosan 2 %wt with magnification 350× (d), Hollow fiber 

PLGA-collagen coating chitosan 3 %wt with magnification 150× (e), inner surface of hollow fiber 

PLGA-collagen coating chitosan 3 %wt with magnification 350× (f) 
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Hemolytic Test 

For hemolysis test, the percentage of coagulation was calculated by using Eq. 1 : 

%100% ×

−

−

=

negatifpositif

negatifsample

AA

AA
D    (Equation 1) 

 

Table 3. Hemolysis Result 
Sampel 

(Concentration of Chitosan) 

%D 

(%) 

1 %wt 63.8 

2 %wt 15 

3 %wt 8.3 

 

 

Discussion 

Ultimate Tensile Test 

From Table 1, it was shown that the lowest chitosan  concentration (1 %wt) had highest ultimate 

tensile strength (5.306 Mpa) while the value for 2% and 3% were almost similar.  This phenomenon 

might be caused by an increased rate of chitosan infiltration through nanofiber pores due to smaller 

concentration. Thus, the mechanical strength was increased. The increase of tensile strength was 

also was attributed to the stronger interfacial adhesion between polymer and coater [3]. 

 

Citotoxicity Test 

A material is toxic if the value of optical density was less than 60%. The result of living cell 

precentage of samples were more than 60% and it could be concluded  that  material was a nontoxic 

material [4]. 

 

Morphological Analysis 

Based on SEM characterization, the thickness of sample with coating 1 %wt was 0,3µm and the 

porous was 41,32 µm. The thickness of sample with coating 2 %wt was 0,4µm and the porous was 

79,76µm. The thickness of sample with 3 %wt of coating was 0,49µm and the pores were 

108,95µm in diameter. A big number of pores  showed that the infiltration of chitosan particle was 

low due to its high solution viscosity. In contrary, small number of pores showed high density of 

chitosan particles in the hollow fiber that caused a higher ultimate strength [5]. 

 

Hemolytic Test 

High percentage of coagulation showed that there were many thromboses [6]. Thrombosis can be 

prevented by making the inner surface of hollow fiber smoother [6].  Since the inner surface of 

sample with 3 %wt of chitosan was thicker, the thrombosis can be inhibited [7]. 

 

Conclusion 

1. The highest tensile strength  is provided by sample with 1 %wt chitosan caused by an increased 

rate of chitosan infiltration through  nanofiber pores due to smaller concentration 

2.  The result of living cell procentage of  samples are more than 60% and  it could be concluded 

that the material is a nontoxic material 

3.  High chitosan concentration provides a big number of pores because the infiltration of chitosan 

particle is low due to its high solution viscosity. In contrary, Low chitosan concentration provides a 

small number of pores due to better infiltration of particle and it causes a higher ultimate tensile 

strength 

4. Sample with highest chitosan concentration provides the lowest coagulation because thick 

concentration of chitosan makes  inner surface of vascular graft smoother.  
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