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1. Introduction 

Cardiovascular diseases (CVD) are one of the dominant cases which cause millions of deaths worldwide. Stroke, 

heart failure, hypertension, congenital heart disease and cardiac infarction are several illnesses associated to CVD [1]. 

Coronary heart disease (CHD) is another heart abnormality aside from myocardial damage which results in blockage of 

the coronary arteries which supplies blood to the heart and it accounts almost 50% deaths associated with CVD. Millions 

of people are suffering from CHD where it is considered as one of the major health issues in the world [2]. So, there is a 

demand for artificial cardiovascular graft in order to recover from the CHD [3]. The tissue engineered vascular grafts 

have gained a huge attention for repairing the coronary heart disease and myocardium damage [4]. The use of synthetic 

polymer scaffolds in tissue engineering applications for the replacement of injured native vessels has gotten a lot of 

attention which provides structural and functional support for cell attachment and growth [5]. However, their utilization 

is limited in biomedical applications due to certain limitations such as inability to remodeling or regenerate native tissues, 

loss of mechanical strength over time and increased risk of infection [6]. 

  

Abstract:  

Coronary heart disease (CHD) is classified as the heart abnormality aside from myocardial damage which results in 

the blockage of coronary arteries which supply blood to the heart. In this study, a degradable vascular graft was 

developed to overcome the complications that associated with CHD. The degradable graft was fabricated in a structure 

of electrospun membranes using polyurethane (PU) matrix blended with chitosan (CS). The degradation analyses 

were performed through an immersion procedure by conducting the weight loss measurement and the element release 

test. The blending of PU with CS resulted in the increment of membrane degradability. The CS elements were released 

from the PU/CS membranes following the Higuchi model release mechanism. As a conclusion, the PU/CS membranes 

possess the degradable properties which might serve as a plausible candidate for the development of vascular graft 

for repairing cardiac damage.  
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Polyurethane is widely used in making tissue engineered scaffolds as the fabrication of nanofibers from PU is easy 

and also possesses biodegradable, excellent biocompatibility and elastic mechanical properties [7]. In addition, its slow 

degradation rate can be considered helping in tissue replacement such as blood vessels which demand mechanical strength 

due to the high risk to the patient associated with a non-optimal balance of scaffold degradation rates and new 

extracellular matrix production [8]. Even though, this synthetic polymer provides sufficient mechanical strength but they 

are lack in bio-functionalization due to their hydrophobic nature. Therefore, the combination of synthetic and natural 

polymers in constructing the scaffold is one of the approaches in addressing the complication of bio-functionalization 

[9]. Natural polymers provide many advantages such as hydrophilicity, cellular affinity and often degrade which give the 

spaces for cell migration and proliferation [10]. In this study, chitosan (CS) a natural resource compound derived from 

chitin, was used to enhance the properties of the developed graft [11]. It has been mainly used in pharmaceutical, 

biomedical industries, tissue engineering and wound dressing, due to its hydrophilicity and good biodegradability [12].  

 

Both PU and CS were blended together for the fabrication of graft membrane due to their specific enhancement 

properties. In order to form the membrane, an electrospinning technique was adopted as this technique is unique, versatile 

and cost effective which applies high voltage to produce polymeric nanofibers which is suitable for vascular graft 

applications [13]. The fabricated nanofibers through this technique have been reported to possess high porosity which 

provides large surface area for cell penetration, cell adhesion and development of extracellular matrix [14].  

 

The degradation properties of a biomaterial polymer play an important role on the long-term performance of tissue-

engineered cell/material construct. Degradation kinetics can affect the cellular responses such as cell growth, tissue 

regeneration and host response [15]. The correlation between degradation rate and cell activity will lead to tissues 

formation, known as an important process in tissue regeneration [16]. In the case of bone or cell repairs, the biomaterial 

graft or scaffold should be degraded over time which giving way to cell regeneration in enabling the complete 

reconstruction of structure and function of the native tissues [17]. Synthetic graft should possess an optimal degradation 

rate and should be biodegradable that helps in developing tissue regeneration. However, some behaviour of the graft is 

limited due to the indifferent degradation rate where it caused destructive changes in structural integrity which influence 

the overall cell integration process [18]. In this study, PU electrospun membranes were incorporated with CS for the 

potential use as vascular grafts. The degradation test was conducted on the PU electrospun membranes incorporated with 

CS, followed by two post-analyses of weight measurement and element release, to forecast the performances of these 

membranes following an implantation.  

 

2. Materials and Methods 

2.1 Sample preparation 

Chitosan (CS), N, N-dimethylformamide (DMF), acetic acid and phosphate buffer saline (PBS) were supplied by 

Sigma-Aldrich, Germany. Polyurethane (Tecoflex EG-80A) was purchased from Lubrizol, USA. 

 

A homogenous solution of 8% (w/v) PU was prepared by dissolving 800 mg of PU with 10 mL of DMF and stirred 

for 24 hrs at room temperature [19]. Concurrently, a homogenous solution of 3% CS solution was prepared by dissolving 

300 mg of CS powders in 10 mL of DMF for 24 hrs at room temperature. Both homogenous solutions were mixed at 

(7:3) v/v% to form PU/CS composite under vigorous stirring for 1 hr.  

 

The electrospun membranes were fabricated using an electrospinning technique. The homogenous solution of pure 

PU and PU/CS were electrospun at a flow rate of 0.5 mL/hr with the applied voltage of 12 kV. The nanofibers were 

deposited on the collector plate which was placed 15 cm away from the needle for 8 hrs. The deposited electrospun 

membranes were retrieved carefully for further analysis. 

 

2.2 Weight loss measurement 

         The degradation of the electrospun membranes were investigated in-vitro by ageing the membranes (3 cm × 3 cm) 

in PBS at pH 7.4, in three replicates [20]. All samples were placed individually in centrifuge tubes containing PBS and 

kept at temperature of 37°C. At time periods of 5, 10, 20, 30, 60 days, the membranes were collected, washed thoroughly 

with distilled water and then oven-dried to measure their weight loss. The weight loss was calculated using Equation 1 

[21].  

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%)  =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙– 𝐹𝑖𝑛𝑎𝑙

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 
 𝑥 100   (1) 
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2.3 Element release test  

The element release from the electrospun membranes was observed through an element release test using UV-Vis 

spectrophotometer (GENESYS 10S UV-Vis, Thermo Scientific, US). All samples were placed individually in centrifuge 

tubes containing deionized water and kept at temperature of 37°C. The deionized water was refreshed at time points of 

5, 10, 20, 30, 60 days [22]. The aged deionized water was collected for the analysis of element release at an absorption 

wavelength of 290 nm for the CS measurement. The element release records were plotted based on the standard curve 

and fitted to four mathematical modellings of zero-order, first-order, Higuchi and Korsmeyer-peppas. The best fitted 

graph (R2 value closest to 1) was acquired by linear slope to illustrate the possible element release mechanism of the 

electrospun membranes.  
  

3. Results and Discussion 

3.1 Weight loss measurement 

The degradation of both electrospun membranes were studied by incubating the membranes in PBS and measuring 

their weight loss at different time intervals as plotted in Figure 1. A higher mass loss for the PU/CS electrospun 

membranes was observed at all time points when compared to the PU membranes. The weight loss for both PU and 

PU/CS membranes were increased as the degradation time increased. The PU electrospun membranes exhibited a weight 

loss of 2.23±0.36% at day 5, 2.75±0.24% at day 10, 2.92±0.36% at day 20, 3.09±0.24% at day 30 and 3.26±0.36% at day 

60. The PU membranes showed low degradation capability which might be attributed to its low hydrophilicity and 

consequently low effective collision with water molecules [23]. While, the PU/CS exhibited a weight loss of 2.57±0.44% 

at day 5, 3.20±0.30% at day 10, 3.62±0.30% at day 20, 3.82±0.44% at day 30 and 4.24±0.44% at day 60. The 

incorporation of CS into the PU matrix has induced the weight loss and accelerated the degradation process. A previous 

study mentioned that CS is trapped in PU network by weak bonds between hydroxyl (-OH) and amine (-NH2) [24]. 

Following the incubation in the PBS solution, the bond was cleavage and the CS were removed from the membranes 

which facilitated the movement of water molecules into the PU network for greater degradation response. The weight 

loss of the samples confirmed their degradation process after the incubation. The membrane surface of the samples was 

lightly eroded. Both membrane surface seemed to be smoother than the original sample.  

 

 

  
  

Figure 1.  Weight loss measurement of PU and PU/CS at different time intervals (5, 10, 20, 30 and 60 days) 

 

3.2 Element release test   

         The element release of CS was investigated with UV-Vis spectroscopy at an absorption wavelength of 290 nm. The 

ageing process was carried out using deionized water to determine the release mechanism of CS from the electrospun 

membranes. The release profile showed an initial burst release for the PU/CS electrospun membrane followed by a stable 

release of CS after day 5 as shown in Figure 2. Initially, the fast release was observed due to the rapid dissolution of the 

absorbed element. Then, the diffusion of water molecules into the membranes was reduced due to the entrapment of 

element within the membranes [25]. There was no element release data recorded on the PU membrane as there was no 

CS release from the pure PU membranes.     
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Figure 2.  Percentages of cumulative CS release from PU/CS membrane 

 

 The zero order, first order, Higuchi kinetic and Korsmeyer Peppas models were used to study the element release 

mechanism. The mathematical model with the highest R2 was selected as the best model to describe the dissolution data. 

Table 1 shows the R2 that obtained after fitting various release kinetic models to the CS release data. The release pattern 

of the PU/CS membranes was fitted into Higuchi model which describes the rate of diffusion from the membrane surface 

to the solution was in a significant contribution. The initial element concentration in the system is much higher than the 

solubility of the element provides the basis for the justification of the applied pseudo-steady-state approach in Higuchi 

[26].  

Table 1. Determinant coefficient, R2 of mathematical models for CS release from PU/CS membranes 

Sample Zero Order First Order Higuchi Korsmeyer 
Peppas 

PU/CS 0.66 0.66 0.91 0.57 

 

4. Conclusion 

 The PU electrospun membranes blended with CS were fabricated using an electrospinning technique. The 

incorporation of CS into the PU membranes increased the weight loss and induced the release of CS following the Higuchi 

model, which contributed to the increment of degradation properties. Therefore, the PU/CS membranes were considered 

degradable that might serve as a plausible candidate for the repairing of cardiac damage. 
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