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ABSTRACT 
 

Nanofiber scaffolds are potential materials in three-

dimensional cell-culture media. Among the most common 

and attractive polymer used for this application is 

polycaprolactone (PCL). PCL is non-toxic, biodegradable 

and biocompatible synthetic aliphatic polyester. It is 

completely biodegradable inside the body after its 

interaction with body fluid, enzyme and cells. An 

interesting property of PCL is its propensity to form 

compatible blends with a wide range of other polymers 

such as carrageenan. Carrageenan is the generic name for a 

family of hydrophilic, gel-forming polysaccharides that are 

obtained by the extraction of certain species of red 

seaweeds. This study aimed to develop bioactive 

nanofibrous scaffolds from Polycaprolactone/Carrageenan 

blends by electrospinning for possible tissue engineering 

application. Determining the optimum parameters such as 

needle to collector distance, feed rate and viscosity using a 

20kV electrospinning equipment to produce nanofibers and 

nanofibrous scaffolds were conducted. The chemical 

structures, morphologies and thermal properties of the 

developed PCL/Carrageenan blend scaffolds were 

analyzed. These scaffolds were subjected to in-vitro 

screening using simulated body fluids (SBF) and in-vivo 

testing using mice. Results showed that the nanofiber 

morphology is a function of electrospinning parameters and 

Carrageenan content. The increase in glass transition 

temperature was also a function of Carrageenan content of 

the blend. Bioactive nanofibrous scaffold has shown 

bioactivity when subjected to in vitro screening using 

simulated body fluids (SBF). SEM micrographs exhibited 

bone tissue growth on the scaffolds with 10% carrageenan 

content. Animal implantation studies revealed that the 

nanofibrous scaffold invoked no adverse tissue response. 

Post implantation in mice showed no evidence of adverse 

inflammation. Edema was not observed at the site of the 

scaffold implantation and no evidence of granulomatous 

reactions. The mice were healthy and no unfavourable 

physical and physiological responses were observed. 
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1 INTRODUCTION 
 

       In tissue engineering, matrices are developed to support 

cells, promoting their differentiation and proliferation 

towards the formation of a new tissue [1]. Through its 

development, scaffold-based tissue engineering approach 

has become an important method for tissue repair by 

making use of biodegradable polymeric scaffolds to 

accelerate tissue healing when placed in vivo [2]. 

Development of these biodegradable polymer having 

desirable cellular responses has been considered to be of 

great interest in the field of biomedical applications [3]. 

The main advantage of using biodegradable polymers is 

that no second surgery procedure is needed in order to 

remove the membrane [4]. 

       Among the most attractive and commonly used 

polymers for biomedical applications is polycaprolactone 

(PCL) [5]. It is a non-toxic, biodegradable and 

biocompatible synthetic aliphatic polyester [6- 8]. It is 

completely biodegradable inside the body after its 

interaction with body fluid, enzyme and cells. An 

interesting property of PCL is its propensity to form 

compatible blends with a wide range of other polymers [6]. 

Other studies have shown that PCL has the ability to 

support a wide range of cells such as cartilage cells [8], 

bone cells and smooth muscle cells [9].  

       Carrageenan is the generic name for a family of 

hydrophilic, gel-forming polysaccharides that are obtained 

commercially by alkaline extraction of certain species of 

red seaweeds (Rhodophyceae) [10]. Sulphated polymers 

such as carrageenan, are one of the most promising classes 

of potentially microbicidal compounds and have been 

known to block in vitro infection with enveloped viruses 

(including HIV, HTLV-1, and HSV-2) for many years [11].    

       The aim of this study is to fabricate  PCL/Carrageenan 

nanofibrous scaffold by electrospinning.  In-vitro testing 

using simulated body fluids (SBF) and in-vivo treatment 

using mice was conducted on the developed scaffolds. 

 

2 METHODOLOGY 
 

2.1 Materials 

PCL of commercial grade was supplied by Chemline 

Enterprises (Phil) with molecular weight 65,000 g/mol. The 

iota- carrageenan was obtained from Shemberg Corporation 
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(Phil). The dichloromethane (> 99.9% purity) was 

purchased from Belman Laboratories.  

 

2.2 Synthesis of Electrospun PCL/ 

Carrageenan Blend Nanofibrous Scaffold  

A custom-built electrospinning set-up was designed and 

fabricated specifically for this study.  The high voltage 

power supply was fixed at 20 kV while the needle tip-to-

collector distance was varied from 10, 15 and 18 cm.    The 

syringe was suspended over a metal plate covered with 

aluminum foil. The positive terminal of a 20 kV power 

source was connected to a copper wire coiled around the 

syringe needle, while the negative terminal of the same 

power source was connected to the metal plate. The 

chemical structures were analyzed using the Perkin Elmer 

Spectrum RX1 FTIR Spectrometer.  The glass transition 

temperature was determined using the DSC 22 Systems by 

Seiko Instruments, Inc.  It was operated at a maximum 

temperature of 300 °C and heating rate of 10°C/min in 

nitrogen atmosphere. The microstructures were viewed 

using the Scanning Electron Microscope (SEM) Jeol JSM 

6390. 

 

2.3 In vitro Treatment With Simulated Body 

Fluid 

The procedure in SBF preparation was conducted based 

on the study of Tas [12]. The PCL/Carrageenan blend 

nanofiber scaffolds were immersed in simulated body fluid 

for 24, 168, and 264 hours at 37°C and pH of 7.4. The 

morphology of the scaffolds was studied using JEOL JSM 

5310 scanning electron microscope in order to determine 

any deposition of hydroxycarbonate apatite (HCA) layer on 

the surface of the PCL/Carrageenan blend nanofibers.  

 

2.4 In vivo Implantation In Animal Tissue 

Nanofibrous scaffolds prepared from PCL/Carrageenan 

blends were tested in vivo to assess its inflammatory cell 

responses through intraperitoneal implantation in mice with 

average weight of 96.7g. A number of studies have been 

made to assess tissue reaction to biopolymers used in 

intraperitoneal implants in mice [13,14]. Mice were 

anesthetized by ether inhalation. A dosage that could 

maintain the mice anesthetized for 60 min was used. The 

abdominal region of mice was depilated and sterilized with 

ethanol. A small incision (about 10 mm) was made through 

the muscular layer over the peritoneal wall. Nanofibrous 

scaffold of 0.5 x 0.5 cm
2
 was inserted through the incision. 

The peritoneal wall was clamped and the animals were 

maintained ad libidum for 15 days. After this period, the 

planted scaffolds were retrieved and analyzed using SEM.  

  

3 RESULTS AND DISCUSSION 
 

3.1 Miscibility of Polycaprolactone and 

Carrageenan 

FTIR spectra of PCL/ carrageenan blends indicate that 

PCL is miscible with carrageenan (Fig 1). Hydrogen 

bonding occurred between the carbonyl group of PCL and 

the hydroxyl groups of carrageenan. The range from 3750–

2500 cm
-1
 was used for the investigation of the hydroxyl (-

OH) vibration frequency. The hydroxyl peak of the blend 

shifted to higher frequencies. Carbonyl groups (C=O) in the 

FTIR spectra of PCL and carrageenan blends, in the range 

of 2000–1500 cm
-1
, were also investigated. The vibration 

frequency of carbonyl groups shifted from 1731.15 to 

1717.43 cm
-1
 with the addition of carrageenan to PCL. 

 

 
 

Figure 1. FTIR spectra of PCL, Carrageenan and PCL/ 

Carrageenan blend. 

 

These features can be attributed to the shift of the 

electron density that lowers the vibration transition energies 

associated with hydroxyl groups of carrageenan and 

carbonyl groups of PCL due to the hydrogen bond 

formations which have been observed in other studies 

involving carrageenan blends [15].  It is difficult to prove 

any covalent linkages between the PCL and carrageenan 

basing only from the IR spectrum of the polymer and its 

blend. But, it is likely that there were intra-and 

intermolecular re- arrangement that occurred since the 

blend spectrum has certain characteristic peaks that can not 

be found in each polymer (PCL and Carrageenan).  

The thermograms from the DSC shows that there was a 

single glass transition temperature (Tg) for the blends which 
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suggests that both components are miscible with each other. 

It was observed that that there was an increase in the glass 

transition temperature as the carrageenan content was 

increased. This behavior suggests a possible formation of a 

hydrogen- bonded complex between the components 

indicating that the PCL/ carrageenan blend have specific 

interaction. The role of hydrogen bonding in promoting 

intermolecular cohesion and higher glass-transition 

temperatures of polymer has been observed in other studies 

[16]. 

 

 

 

PCL:Carrageenan  Tg (
0
 C) 

100:0  -60.2  

95:5 -25.2  

90:10 -22.5  

85:15 -19.6  

80:20  -8.20  

0:100 -21.4  

 

3.2 In vitro with Simulated Body Fluid  
  

The SEM micrographs presented in Fig 2 suggests that 

after several hours (24, 168, and 264 hours at 37°C and at 

pH 7.4) of immersion in SBF, calcium hydroxycarbonate 

apatite (HCA) deposited in the interstices of the nanofiber 

with varying formulations (80%, 85%, 90%, 95%, 100% 

PCL by weight). All formulations showed bioactivity after 

immersion in SBF wherein the apatite formed on the 

nanofiber surface is similar to bone apatite. This HCA 

deposition is an indication of possible biomedical 

applications of this nanofibrous scaffolds as biopolymer 

implant [12,17,18].  

The amount of HCA deposited on the scaffold is 

dependent on the time it was immersed in the SBF. The 

scaffold’s ability to support HCA was tested by retrieving 

the samples at different intervals. Fig 3 shows the increase 

of CaP (calcium-phosphorous) phase crystals on the 

nanofibers as a function of time. After an immersion period 

of one (1) day, crystallites, which were associated with 

apatite, nucleated at multiple sites throughout the scaffold. 

Majority of the individual crystals were observed in the 

large fibers, suggesting that they have an affinity to flat 

surface areas. After an immersion period of seven (7) days, 

clusters of CaP phase were observed in the scaffolds. These 

clusters suggest that HCA was continuously deposited on 

the surface of the scaffold.  After nine (9) days of 

immersion, most of the surface where propagation started 

were covered with the CaP phase. 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 In vivo Implantation in Animal Tissue 

The intraperitioneal implantation was carried out in 

mice to test the biocompatibility of PCL/Carrageenan blend 

nanofibers. Post implantation showed no evidence of 

adverse inflammation in mice except for the site of incision 

in the abdomen, a typical tissue response few hours after 

Table 1. Glass Transition Temperature of Different 

Blends 

(a) (b) 

(c) (d) 

(e) (f) 

Figure 2. Nanofibrous scaffold retrived after 7 days 

immersion with different carrageenan contents: (a) 20 

w/w %, (b) 15 w/w%, (c) 10 w/w%, (d) 5 w/w%, (e) 0 

w/w% and (f) control 

(c) 

(b) 

Figure 3. Scaffolds with 

10 w/w% carrageenan 

immersed in the SBF 

solution at different time 

intervals: (a) 1 day (b) 7 

days and (c) 9 days 

(a) 
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surgical operation. Edema was not observed at the site of 

the nanofiber implantation. Overall health and physical 

characterisctics (discoloration, agility, eating habit) were 

carefully monitored for 15 days after surgery and 

implantation of nanofibers. Generally, mice were healthy 

and no unfavourable physical and physiological responses 

were observed. At the level of general wellness in mice, the 

PCL/Carrageenan blend nanofiber has a considerable 

degree of biocompatibility. Fifteen days after implantation, 

surgical removal of the implanted nanofibers (with varying 

formulations) was conducted. Only the 100% PCL and the 

95% PCL-5% Carrageenan blend were retrieved. Other 

nanofiber formulations were dissolved by the fluid 

surrounding the peritoneum.  This suggests that 

carrageenan increases the hydrolysis of PCL causing 

degradation.  The retrieved scaffold was coated with mass 

of tissues after its removal from the abdominal cavity (Fig 

4).  It showed good cell adhesion given that most of its 

surfaces were covered with tissue.  However, the mass of 

cells should be further assayed for identification to fully 

account the specific cells adhering to these nanofibers. 

 

 
(a) before implantation          (b)   after implantation 

 

Figure 4. SEM micrographs of 95% PCL—5% Carrageenan 

nanofibrous scaffold.  

 

Furthermore, no evidence of granulomatous reactions 

was observed during the 15 day period after implantation in 

mice. Granulomas are indicative of chronic inflammatory 

reactions [19].  This study shows that leukocyte cells were 

not mobilized by the implant of the biopolymer. This is 

important because it indicates that leukocytes did not 

trigger molecular events involved in inflammatory 

responses to PLC/Carrageenan blend nanofiber implanted 

in mice. It further suggests that a tolerance of leukocytes to 

the implanted material could be developed after the 

implantation [13]. 

 

4 CONCLUSIONS 
 

The nanofiber morphology is a function of 

electrospinning parameters and Carrageenan content. The 

increase in glass transition temperature was also a function 

of Carrageenan content of the blend.  Bioactive nanofiber 

has shown bioactivity when subjected to in vitro screening 

using simulated body fluids (SBF).  Furthermore, animal 

implantation
 
studies revealed that the nanofibrous scaffolds 

invoke no adverse tissue response.   
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