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ABSTRACT 
     Scaffold design has pivotal role in tissue engineering. In the present study, We modified the surface 

of electrospun poly(caprolactone) (PCL) nanofibers to improve their compatibility with living medium 

and to show the potential application of PCL nanofibers as a artificial extracellular matrix using in 

tissue-engineering. PCL nanofibers were fabricated by electrospinning method. To graft gelatin on the 

nanofiber surface, PCL scaffolds were first treated with air plasma to introduce carboxyl groups on the 

surface, followed by covalent grafting of gelatin molecules. The hydrophilicity of the electrospun PCL 

nanofibers was significantly increased by the gas plasma treatment, as confirmed by contact angle 

measurements. ATR-FTIR analysis demonstrated that the chemical composition of the PCL nanofiber 

surface was influenced by the gelatin coating, resulting in an increase in the number of amine groups. 

Our results show that the modified PCL nanofibers are suitable physical properties as polymeric artificial 

scaffold in tissue engineering application.  
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INTRODUCTION 
   Extracellular matrix (ECM) plays a 

fundamental role in controlling cell. Tissue 

engineering methods consist of three main 

components including scaffolds, cells and 

biomolecules. Nanofibrous scaffolds are a good 

candidate for treatments based on tissue 

engineering because of its suitable environment 

for cell attachment, and proliferation due to 

similarity to physical properties of natural ECM 

[1, 2]. With increasing interest in 

nanotechnology, development of nanofiberous 

scaffolds preparing by the technique of 

electrospinning is having a new momentum. 

Electrospinning is a very simple and 

inexpensive method which allows producing 

fibers with diameters varying from 3 nm to 

greater than 5 m [3].  

Various natural and synthetic polymers can be 

used for nanofibers manufacturing, resulting in 

various degradation rates based on polymer 

choice. Synthetic polymers, such as 

polyethersulfone (PES), polylactic acid (PLA), 

and polycaprolactone (PCL), generally have 

slower degradation rates than natural 

compounds like collagen, gelatin and chitin [3, 

4].  

PCL is a semi crystalline linear hydrophobic 

polymer, FDA approved, and has a long history 

of safe use in humans. Though the electrospun 

PCL fibers mimic the identity of ECM in living 

tissues, its poor hydrophilicity caused a 

reduction in the ability of cell adhesion, 

proliferation, and differentiation [5]. Scaffolds 

coating is one of the most effective methods for 

providing new, desirable scaffolds for particular 

applications. For example, coating synthetic 

scaffolds with a natural polymer improves cell 

adhesion and the degradation rate of the system 

and can be modified depending on its 

application [6]. Gelatin is a natural biopolymer 

derived from collagen which is biodegradable, 

biocompatible and has been widely used in the 

pharmaceutical and medical fields [6, 7]. 

Therefore, gelatin can be coated on PCL 

nanofibers to obtain a scaffold with desired cell 

adhesion and degradation properties. 

In this study, nanofibers prepared by 

electrospinning method and then were treated 

with plasma in the presence of oxygen gas and 
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coated with gelatin. Changes in the surface 

characteristics of plasma-treated PCL 

nanofibers, including surface hydrophilicity, 

chemical composition, and morphological 

changes, were investigated using contact angle 

method, ATR-FTIR spectroscopy, and 

mechanical properties and scanning electron 

microscopy. Biological behavior of this scaffold 

was investigated using cultured fibroblast cells 

and its proliferation rate was evaluated via MTT 

assay.  

 

MATERIALS AND METHODS 
Materials 

     PCL Ultrason E6020P with a weight average 

molecular weight of 58,000 Da was purchased 

from BASF (Germany). The solvent N,N-

dimethylformamide was obtained from Merck 

(Germany). All other chemicals were purchased 

from Sigma (St Louis, Mo., USA) and used as 

received unless stated otherwise. 

The cell culture medium (DMEM), fetal bovine 

serum (FBS), penicillin and streptomycin were 

provided by Invitrogen (Invitrogen Co., 

Carlsbad, CA, USA). Fibroblast cell line was 

obtained from cell bank (Stem cell technology 

research center, Tehran, Iran). 3-(4, 5-dimethyl-

thiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT), was obtained from Roche Diagnostics 

GmbH (Germany). 

Electrospun Nanofibers preparation 

PCL nanofibers were produced by an 

electrospinning method in our laboratory using 

procedures reported earlier [8]. Briefly, a PCL 

solution (5% w/w) was prepared in chloroform 

and dimethylformamide (DMF) in 8.5:1.5 

ratios. The polymer solutions fed into a blunted 

needle attached to a pump on a vertical mount. 

A rotating cylindrical drum was used as a 

collector and placed at a distance of 15 cm from 

the needle. The collecting rate was at 250 rpm. 

Voltage was 20 kV and flow rate was 0.5 mL/h. 

Surface modifications 
To increase the hydrophilicity of the nanofibers, 

surface modification of the PCL scaffold was 

performed by plasma treatment [8]. A low 

frequency plasma generator (40 kHz) with a 

cylindrical quartz reactor (Diener, Electronics, 

Ebhausen, Germany) was used. The pressure of 

pure oxygen gas was at a 0.4 mbar, and the 

glow discharge was ignited for 2.5 minutes. 

Plasma-treated sheets were punched with a 

device of 1 cm diameter. 

Then to become more similar to natural ECM 

gelatin was coated on the surface of plasma-

treated PCL. For gelatin coaeing, plasma-treated 

sheets were cut into 1.5-cm diameter punches 

and immersed in 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide/N-

hydroxysuccinimide (Merck) solution 

(5mg/mL) for 12 h. After rinsing with distilled 

water, the scaffolds were immersed in 1mg/mL 

gelatin I solution (Nutacon BV) overnight. The 

total of this procedure depicted in figure 1. Air 

plasma treatment was used to introduce 

carboxyl groups onto the PCL nanofiber 

surface, followed by the covalent attachment of 

gelatin molecules. 

Characterization of nanofibers 

Morphology study:  

The morphology of the PCL nanofibers befor 

and after plasma treatment and also after cell 

seeding was studied by scanning electron 

microscopy (SEM; XL30; Philips, Eindhoven, 

Netherlands). 

Mechanical properties:  

The tensile properties were performed on the 

nanofibrous webs using Galdabini testing 

equipment. Prepared scaffolds were cut into 10 

mm × 60 mm × 0.11 mm specimens and tensile 

test was conducted at 50 mm/min crosshead 

speed at room temperature. 

Contact angle measurement: 

The hydrophilicity of the nanofibrous PCL 

scaffolds after surface modification was 

measured by contact angle goniometer (Krüss, 

Hamburg, Germany), at room temperature. A 

water droplet was dropped on surface of the 

nanofibers, and the contact angle was measured 

after 10 seconds. 

ATR-FTIR spectroscopy: 

Gelatin coating was investigated by FTIR-ATR. 

The spectra were recorded using an Equinox 55 

spectrometer (Bruker Optics, Germany) 

equipped with a DTGS detector and a diamond 

ATR crystal. 

Biocompatibility Evaluations 

Cell culture: 

Prior to cell seeding, scaffolds for sterilization 

were immersed overnight in the following 

solutions: (1) 70 % ethanol for sterilization, (2) 

penicillin, streptomycin, and amphotericin B to 

prevent from yeast growth, and (3) culture 

medium to ensure sterilization and enhance cell 

attachment after seeding. 

Fibroblast cells were seeded on the surface of 

PCL scaffolds with a cells density of 10×10
3
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cells per cm
2
 and maintained in DMEM culture 

medium supplemented with 10% FBS, (all from 

Invitrogen Co., Carlsbad, CA, USA) and then 

the cells were fixed to SEM analysis after 10 

days.  

DAPI staining: 

Cells were fixed with 4% paraformaldehyde for 

20 minute at room temperature and then 

permeabilized with Triton X-100 (0.3%) for 20 

minute. After washing with PBS, cells were 

incubated with DAPI (4′, 6-diamidino-2-

phenylindole; 1:1000) for nuclear staining. 

MTT assay: 

MTT assay was performed to evaluation of 

biocompatibility and biological behavior of 

PCL scaffolds. Thus the proliferation rate of 

Fibroblast cells on PCL nanofibrous scaffolds 

was measured by MTT assay. PCL nanofibers 

after being sterile were placed in a 24-well 

culture plate and seeded with a cells density of 

4×10
3 

cells per cm
2
 and incubated at 37 °C, 5% 

CO2 under DMEM supplemented with 10% 

FBS, (all from Invitrogen Co., Carlsbad, CA, 

USA). After 1, 2, 3, 4 and 5 days of cell 

seeding, 50 µI of MTT solution (5 mg/ml in 

DMEM) was added to each well. For 

conversion of MTT to formazan crystals by 

mitochondrial dehydrogenases of living cells, 

the plates were incubated at 37 °C for 4 hours. 

Then, supernatant was removed and constant 

amount of an appropriate solvent was added. 

The optical density was read at a wavelength of 

570 nm in a micro plate reader (BioTek 

Instruments, USA). The same procedure was 

performed for cultured cells in tissue culture 

polystyrene (TCPS) as control. 

 

Statistical analysis 

Each experiment was repeated independently at 

least three times in vitro. All data were reported 

as the mean ± SD. One-way analysis of variance 

(ANOVA) was used to compare the results. All 

analyses were performed by using SPSS 17.0 

software (SPSS, Chicago, IL, USA). P-values of 

less than 0.05 were considered as statistically 

significant. 

 

RESULTS 

Nanofibers characterization 

     Electrospun nanofibrous PCL scaffolds were 

porous, beads free and had a uniform and 

smooth morphology (figure 2a,b). The diameter 

distribution was measured in the range of 450–

800 nm with an average of 565 ± 30 nm. 
Surface modification of the PES nanofibers was 

performed by using plasma treatment. A 

scanning electron micrograph of the scaffolds 

after 10 days of cell culture is shown in figure 

2c.  The contact angle of PCL nanofibers 

decreased from 132° to 0° after surface 

treatment. The tensile strength of electrospun 

nanofibrous PCL scaffolds was 3.63 ± 0.55 

MPa and elongation at break of 53.65 ± 1.28%. 

ATR-FTIR 

ATR-FTIR analysis was carried out for surface 

characterization of PCL and gelatin coated PCL 

nanofiberous scaffolds. Figure 3 shows the 

FTIR spectra of PCLand gelatin coated PCL 

nanofibers. Infrared spectra for PCL-related 

stretching modes wereobserved for PCL and 

gelatin coated PCL scaffolds.Theseinclude 

2,940 cm
-1

 (asymmetric CH2 stretching), 1,724 

cm
-1

 (carbonyl stretching).    

 
Figure 1. Reaction scheme of the surface modification process of PCL nanofibers. Air plasma treatment was used 

to introduce carboxyl groups onto the PCL nanofiber surface, followed by the covalent attachment of gelatin 

molecules. 
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Figure 2. SEM images of nanofiberous PCL scaffolds. Untreated PCL scaffold (A), plasma treated PCL scaffold 

(B) and treated PCL scaffold with Fibroblast cells after 10 days (c). 

 

 
 
Figure 3. FTIR spectra of PCL and gelatin coated PCL nanofibers. 
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Figure 4. Optical micrographs of human fibroblast cells (a) and nuclei were stained with DAPI in the same cells 

cultured on the surface of PCL scaffolds (b) with magnification 10X. 

 
 

Figure 5. Proliferation rate of human fibroblast cells on nanofiberous PCL scaffolds during a 6 day cell culture 

period, asterisk shows significant difference with p < 0.05, two asterisks shows significant difference with p < 0.01. 

 

 

Commonbands of protein appeared at 

approximately 1,650 cm
-1

 (amide I) and 1,540 

cm
-1

 (amide II), corresponding to thestretching 

vibrations of C––O bond, and of N–H bond and 

stretching of C–N bonds, respectively [6]. The 

amide I band at 1650 cm
-1

 was attributable to 

both a random coil and α-helix conformation of 

gelatin [7]. 

Cell culture 

Spindle like morphology of Fibroblast cells 

showed in Fig. 4a, the appropriate nuclear 

localization of these markers was confirmed 

after merging by DAPI (figure 4b). 

Biocompatibility 

Biocompatibility of the electrospun nanofibrous 

PCL scaffolds was investigated using MTT 

assay. Results of MTT assay have demonstrated 

the viability and proliferation rate of Fibroblast 

cells increased in PCL nanofibrous scaffold 
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compare with TCPS. As it shown in figure 5, 

also, significant differences were observed in 

proliferation rate of cells in surface modified 

PCL scaffolds compare with untreated PCL 

scaffolds. 

 

DISSCUSSION 
   Many studies have been reported the 

important role of artificial scaffolds in tissue 

engineering to improvement of many disease 

treatments [9-11]. Nanofibers are increasingly 

being used for tissue engineering and have 

advantages over traditional scaffolds because of 

increased surface area-to-volume ratio, which 

increases cell to scaffold interactions [1, 12]. 

Nanofibrous PCL scaffolds, because of their 

native tissue like properties are widely used as 

the cell delivery carriers and supporting 

matrices for various tissue regeneration [13, 

14].  

Cell affinity towards synthetic polymers is 

generally poor as a consequence of their low 

hydrophilicity and lack of surface cell 

recognition sites. Improving the hydrophilic 

property and incorporation of cell-recognition 

domains such as ECM bioactive proteins like 

gelatin onto nanofibers are carried out to 

enhance cell–scaffold interactions [15, 16]. 

The results of contact angle measurement of 

PCL nanofibrous scaffolds showed the contact 

angle of 132° indicating that PCL nanofibrous 

scaffolds are hydrophobic. Generally, the 

hydrophilic/ hydrophobic characteristic of 

scaffold is important in tissue culture and can 

influence the initial cell adhesion and cell 

migration to a higher extent. According to 

previous literatures, hydrophobic surfaces lead 

to lower cell adhesion in the initial step of cell 

culture [17, 18]. PCL is normally treated by 

oxygenated gas plasma to create a more 

hydrophilic oxidized polymer surface and 

provides a surface chemistry that absorbs 

sufficient amounts of trace ECM proteins from 

serum-supplemented media to promote cell 

attachment. 

The incorporation of gelatin as well as plasma 

treatment improves the hydrophilicity of PCL 

nanofibrous scaffolds. It was due to the lack of 

amine and carboxyl functional groups of gelatin 

in pristine PCL structure. The appearance of 

amide group in the FTIR spectra of  gelatin 

coated PCL nanofibrous scaffolds indicates that 

the PCL chains were chemically bonded to 

gelatin molecules and it leads to the 

introduction of functional groups such as NH2 

and COOH on the surface of gelatin coated PCL 

scaffold [15, 16, 18].  

In recent years, several approaches to modify 

surface of scaffolds with ECM proteins were 

reported. Van-Dijk et al. showed that use of 

laminin as ECM molecules during cell culture 

lead to higher rate of cell functions [19]. Wei et 

al. fabricated collagen coated biodegradable 

polymer nanofiber mesh and study its potential 

for endothelial cells growth (20). Salvey et al. 

and cronin et al. used extracellular matrix 

proteins such as collagen IV, fibronectin, 

gelatin and laminin coated scaffolds for the 

development of tissue engineering cell 

transplantation applications (21, 22). 

 

CONCLUSION   

   In this study PCL nanofiberous scaffolds were 

prepared by elecrospinning technique. To 

improve mimicking ECM surface, scaffolds 

were modified by plasma treatment and coating 

gelatin on them surface. This proper supporting 

matrix can hold cells initially and further 

provide support for cell survival and 

functioning. Study of biological behavior of 

fibroblasts indicates that gelatin coated PCL 

scaffolds are a good candidate for using as 

artificial scaffolds in tissue engineering 

applications.  

 

ACKNOWLEGEMENT 

   This study was supported by Stem Cell 

Technology Research Center, Tehran, Iran.

 

REFERENCES 
1. Beachley V, Wen X. Polymer nanofibrous 

structures: Fabrication, biofunctionalization, 

and cell interactions. Progress in polymer 

science. 2010;35(7):868-92. 

2. Barnes CP, Sell SA, Boland ED, Simpson 

DG, Bowlin GL. Nanofiber technology: 

designing the next generation of tissue 

engineering scaffolds. Advanced drug delivery 

reviews. 2007;59(14):1413-33. 

3. Pham QP, Sharma U, Mikos AG. 

Electrospinning of polymeric nanofibers for 

tissue engineering applications: a review. Tissue 

engineering. 2006;12(5):1197-211. 

file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_9
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_1
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_12
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_13
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_14
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_15
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_16
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_17
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_18
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_15
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_16
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_18
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_19
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_20
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_21
file:///C:\Documents%20and%20Settings\e.khodadadi\Local%20Settings\Temporary%20Internet%20Files\Users\Ehsan\Desktop\JPS%20safaie%20manuscript.doc%23_ENREF_22


 

Journal of Paramedical Sciences (JPS)                           Winter 2014 Vol.5, No.1 ISSN 2008-4978 

73 

 

4. Ma Z, Kotaki M, Inai R, Ramakrishna S. 

Potential of nanofiber matrix as tissue-

engineering scaffolds. Tissue engineering. 

2005;11(1-2):101-9. 

5. Reed CR, Han L, Andrady A, Caballero M, 

Jack MC, Collins JB, et al. Composite tissue 

engineering on polycaprolactone nanofiber 

scaffolds. Annals of plastic surgery. 

2009;62(5):505-12. 

6. Ghasemi-Mobarakeh L, Prabhakaran MP, 

Morshed M, Nasr-Esfahani M-H, Ramakrishna 

S. Electrospun poly (ɛ -caprolactone)/gelatin 

nanofibrous scaffolds for nerve tissue 

engineering. Biomaterials. 2008;29(34):4532-9. 

7. Lim YC, Johnson J, Fei Z, Wu Y, Farson DF, 

Lannutti JJ, et al. Micropatterning and 

characterization of electrospun poly 

(ε‐caprolactone)/gelatin nanofiber tissue 

scaffolds by femtosecond laser ablation for 

tissue engineering applications. Biotechnology 

and bioengineering. 2011;108(1):116-26. 

8. Ardeshirylajimi A, Dinarvand P, Seyedjafari 

E, Langroudi L, Adegani FJ, Soleimani M. 

Enhanced reconstruction of rat calvarial defects 

achieved by plasma-treated electrospun 

scaffolds and induced pluripotent stem cells. 

Cell and tissue research. 2013;354(3):849-60. 

9. Ardeshirylajimi A, Hosseinkhani S, Parivar 

K, Yaghmaie P, Soleimani M. Nanofiber-based 

polyethersulfone scaffold and efficient 

differentiation of human induced pluripotent 

stem cells into osteoblastic lineage. Molecular 

biology reports. 2013:1-8. 

10. Ravichandran R, Venugopal JR, 

Sundarrajan S, Mukherjee S, Ramakrishna S. 

Poly (glycerol sebacate)/gelatin core/shell 

fibrous structure for regeneration of myocardial 

infarction. Tissue Engineering Part A. 

2011;17(9-10):1363-73. 

11. Shin HJ, Lee CH, Cho IH, Kim Y-J, Lee Y-

J, Kim IA, et al. Electrospun PLGA nanofiber 

scaffolds for articular cartilage reconstruction: 

mechanical stability, degradation and cellular 

responses under mechanical stimulation in vitro. 

Journal of Biomaterials Science, Polymer 

Edition. 2006;17(1-2):103-19. 

12. Vasita R, Katti DS. Nanofibers and 

their applications in tissue engineering. 

International Journal of nanomedicine. 

2006;1(1):15. 

13. Guex AG, Empa SG, Romano F, Marcu 

IC, Tevaearai HT, Ullrich ND, et al. culture of 

cardiogenic stem cells on pcl-scaffolds: towards 

the creation of beating tissue constructs. 

14. Yoshimoto H, Shin Y, Terai H, Vacanti J. A 

biodegradable nanofiber scaffold by 

electrospinning and its potential for bone tissue 

engineering. Biomaterials. 2003;24(12):2077-

82. 

15. Ma Z, He W, Yong T, Ramakrishna S. 

Grafting of gelatin on electrospun poly 

(caprolactone) nanofibers to improve 

endothelial cell spreading and proliferation and 

to control cell orientation. Tissue engineering. 

2005;11(7-8):1149-58. 

16. Zhu Y, Gao C, Shen J. Surface modification 

of polycaprolactone with poly (methacrylic 

acid) and gelatin covalent immobilization for 

promoting its cytocompatibility. Biomaterials. 

2002;23(24):4889-95. 

17. Park H, Lee KY, Lee SJ, Park KE, Park 

WH. Plasma-treated poly (lactic-co-glycolic 

acid) nanofibers for tissue engineering. 

Macromolecular Research. 2007;15(3):238-43. 

18. Zander NE, Orlicki JA, Rawlett AM, Beebe 

TP. Surface-modified nanofibrous biomaterial 

bridge for the enhancement and control of 

neurite outgrowth. Biointerphases. 

2010;5(4):149-58. 

19. Van Dijk A, Niessen H, Doulabi BZ, Visser 

F, Van Milligen F. Differentiation of human 

adipose-derived stem cells towards 

cardiomyocytes is facilitated by laminin. Cell 

and tissue research. 2008;334(3):457-67. 

20. He W, Yong T, Teo WE, Ma Z, 

Ramakrishna S. Fabrication and 

endothelialization of collagen-blended 

biodegradable polymer nanofibers: potential 

vascular graft for blood vessel tissue 

engineering. Tissue engineering. 2005;11(9-

10):1574-88. 

21. Salvay DM, Rives CB, Zhang X, Chen F, 

Kaufman DB, Lowe Jr WL, et al. Extracellular 

matrix protein-coated scaffolds promote the 

reversal of diabetes after extrahepatic islet 

transplantation. Transplantation. 

2008;85(10):1456. 

22. Cronin EM, Thurmond FA, Bassel‐Duby R, 

Williams RS, Wright WE, Nelson KD, et al. 

Protein‐coated poly (L‐lactic acid) fibers 

provide a substrate for differentiation of human 

skeletal muscle cells. Journal of Biomedical 

Materials Research Part A. 2004;69(3):373-81. 

 

 


