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ABSTRACT 
The purpose of this study was to prepare film materials from the blend mixtures of Bombyx mori and Eri 

silk fibroin for fibroblast cell culture. Fibroin from either source was dissolved in lithium bromide, freeze-dried into                   
powder and redissolved in water. Four concentrations of Eri silk fibroin solution, including 0.05, 0.1, 0.2 and 0.4% , 
were mixed with B. mori fibroin solution at a fixed concentration of 3 %. Each fibroin mixture was used to form film 
for the culture of fibroblast cells (NIH 3T3). The constituent of Eri silk fibroin caused the film surface non-smooth. 
Cell growth was optimal on the film with 0.1% Eri silk fibroin blend, which was also superior to the growth on pure 
B.  mori fibroin film.  In addition, the presence of Eri silk fibroin in films helped protection of the oxidative 
cytotoxicity from hydrogen peroxide.     

 

บทคดัย่อ 
งานวจิยัน้ีมีวตัถุประสงคใ์นการศึกษาการใชแ้ผน่ฟิลม์ท่ีผสมระหวา่งโปรตีนไฟโบรอินจากไหมบา้นและไหม

อีร่ีในการเล้ียงเซลลไ์ฟโบรบลาสต ์โดยเร่ิมจากการละลายโปรตีนไฟโบรอินจากไหมทั้งสองชนิดดว้ยสารละลายลิเทียม
โบรไมด์แลว้ท าให้เป็นผงโปรตีนดว้ยวิธีการท าแห้งแบบแช่เยือกแข็ง ละลายผงโปรตีนไฟโบรอินในน ้ าให้มีไหมอีร่ี
ความเขม้ขน้ 0.05, 0.1, 0.2 และ 0.4 % ตามล าดบั ผสมกบัไฟโบรอินไหมบา้นท่ีความเขม้ขน้ 3 %  น าสารละลายโปรตีน
ผสมท าเป็นแผ่นฟิล์มแล้วใช้เล้ียงเซลล์ไฟโบรบลาสต์ (NIH 3T3) พบว่า ไฟโบรอินไหมอีร่ีท าให้แผ่นฟิล์มผสมมี
ลกัษณะพ้ืนผิวหยาบ เซลลเ์จริญไดดี้ท่ีสุดเม่ือใชแ้ผ่นฟิลม์ผสมไฟโบรอินไหมอีร่ี 0.1% และดีกวา่การเจริญของเซลลบ์น
แผน่ฟิลม์ไฟโบรอินไหมบา้น  ส่วมผสมของไฟโบรอินไหมอีร่ีในฟิลม์ช่วยป้องกนัผลกระทบออกซิเดชนัจากไฮโดรเจน
เปอร์ออกไซดต์่อเซลล ์   
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Introduction 
Silk is composed of two protein components which are fibroin and sericin. The silk fibroin (SF) is natively 

a water insoluble fibrous protein underlying the fiber structure of silk, while sericin is a group of amorphous adhesive 
proteins gumming and coating around the layers of fibroin (Mondal et al., 2007). Apart from being garment fabric, SF 
has been explored for various applications, such as food industries (Keiko, Michiko, 2004; Hu et al., 2008), cosmetics 
( Jayawardane et al. , 2016) , and biomedicine (Deptuch, Dams-Kozlowska, 2017) .  SF has several advantages that 
support its biomedical application including good oxygen and water vapor permeability, excellent biocompatibility 
(non-cytotoxicity, low antigenicity and non-inflammatory), and biodegradability at slow rate (Min et al., 2004; Qi et 
al., 2017). Diverse biomaterials have been established from SF of household silkworm (Bombyx mori), dependent on 
different purposes (Rockwood et al., 2011) . Among those biomaterials, SF film has been recently published for its 
success in promoting wound healing at preclinical tests in animals (rabbits and pigs) and clinical studies (Zhang et al., 
2017) .  The concept to improve SF film is to find additives that bring about novel properties.  For an example, the 
property of SF film in stimulating cell proliferation was enhanced by the addition of collagen (Hu et al., 2006). 

Eri (Philosamia ricini Boisd. renamed as Samia ricini Donovan) is natively a wild silk moth but, nowadays, 
it can be reared by feeding on a wide range of food plants including castor and cassava (Singh, Benchamin, 2002). Eri 
fibroin derived electrospun nanofiber scaffold was superior to the B. mori fibroin scaffold in cell culture tests for cell 
attachment, cell viability and cell spreading, and it is less susceptible to microorganism (Andiappan, Sundaramoorthy, 2015) . 
Therefore, Eri fibroin is attractive for using as an artificial substratum for cell growth in wound healing .  The 
limitation is that Eri silk fiber exhibits poor solubility.  In this study, Eri fibroin was consequently designed as an 
additive in the preparation of film materials from B.  mori fibroin.  The SF films thereof were investigated in the 
culture of mouse fibroblast NIH 3T3 cells whether the films could enhance cell proliferative activity and protect cells from 
oxidation by hydrogen peroxide (H2O2). The results would be informative for applying the films as wound dressings. 
 
Objectives of the study 

SF films would be made by the optimal constituents of Eri SF and B. mori SF, and evaluated for the ability 
to support growth of mouse fibroblast NIH 3T3cells and anti-oxidation against H2O2. 

 
Materials and methods 

Preparation of SF  
 The hot-air dried Eri or B. mori cocoon shells were cut into small pieces, treated with 0.25%  Na2CO3 at 
100°C for 90 min to get rid of sericin (Nuchadomrong et al., 2008), and finally rinsed 3 times with hot distilled water. 
The so-obtained SF fiber was made dry at 80°C and stored in a dessicator at room temperature. 
 The method of using 9 M lithium bromide solution was as previously described to dissolve SF fiber 
( Senakoon, 2009) .  The fibroin solution was excessively dialyzed with several changes of distilled water at room 
temperature for 48 h. The dialysate was freeze-dried into a powder and dissolved in water to obtain fibroin solution 
for preparation of SF films. 
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Preparation of SF film 
SF films were prepared by the combination of B. mori fibroin and Eri fibroin. The B. mori fibroin powder 

was added to make a concentration of 3% in four different concentrations of Eri fibroin solution which were 0.05, 0.1, 
0.2 and 0.4%. The 0.3-ml mixture was applied onto a cover slip fitted in the well of a 24-well cell culture plate and 
dried at room temperature to set up SF film. The cover slip coated with SF film was immersed in 70% ethanol for 3 h, 
then air-dried at room temperature and sterilized by autoclaving. The foresaid procedures were also used in preparing 
film from the pure B. mori SF (3% solution). 

Cell culture 
Mouse fibroblast NIH 3T3 cells were cultured in RPMI 1640 medium enriched with 10%  fetal bovine 

serum, 100 unit/ml penicillin and 100 µg/ml streptomycin on a 25 cm2 culture flask at 37°C in 5%  CO2 and 98% 
humidified cell incubator. At 80-100% confluence, the cells were trypsinized using 0.25% trypsin-EDTA. Then, the 
trypsin effect was diluted by adding fresh enriched medium. After brief centrifugation (1000 rpm, 90 sec), cell pellet 
was resuspended in the enriched medium for subculturing to obtain sufficient cells for tests.  

Cell viability on SF film 
A 0.3-ml aliquot of trypsinized cell suspension (5×104 cells/well) was cultured on the sterile SF film coated 

cover slip placed in the well of 24-well culture plate.  Cell viability on the film was determined by thiazolyl blue 
tetrazolium bromide (MTT) assay, according to the manufacture’s protocol, at time intervals of 24 and 48 h. In brief, 
the culture medium was removed and 0.3 ml of serum-free medium containing MTT was added. After 3-h incubation, 
the medium was discarded and 0.3 ml of dimethylsulfoxide was added to dissolve the purple formazan crystals of 
MTT reduced by the mitochondrial activity of viable cells. Optical density (OD)  was measured at 550 nm ( for the 
reduced MTT)  and 655 nm ( as reference wavelength for turbidity)  using a microplate reader.  The net OD was 
calculated as OD550- OD655 (Khaopha et al. , 2015) .  The control cell viability was performed by seeding the same 
amount of cells in the wells containing the SF film non-coated cover slips and undergoing MTT assay in parallel with 
the tests. Cell viability in the tests was calculated as a percentage of the control values. 

Anti-oxidation assay  
The lethal dose of H2O2 was preliminarily evaluated as followings. Cells were cultured in 0.1-ml enriched medium 

for 24 h in a 96-well culture plate at 1×104 cells/well, then, 90 µl of fresh enriched medium were replaced.  Ninety 
microliters of filtered-sterile aqueous H2O2 was added to make the final concentrations of 0. 25-2. 00 mM.  Cell 
viability was measured by the MTT assay after 24-h incubation comparing to the untreated experiment.  The 
H2O2concentration that caused 50% death was defined as 50% lethal concentration (LC50) which was evaluated at 1 mM. 

In anti-oxidation study, trypsinized cells were resuspended in the enriched medium at an appropriate cell 
density. A 0.3-ml aliquot of the cell suspension (5×104 cells) was added to each well of a 24-well culture containing 
SF film. At specific times of 24 and 48 h, the culture medium was replaced by 0.27 ml of fresh enriched medium and 
30 µl of filtered-sterile H2O2  to make the final concentration of LC50 (1 mM). After 24-h incubation with H2O2, cell 
viability was measured by MTT assay.  The anti-oxidation effect was evaluated from the cell viability in the tests 
compared to the paralleled experiments without the H2O2 treatment.  
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Data analysis 

 All experiments were performed in triplicates, the data were reported as average  S.D and statistical 
analysis was performed by one-way analysis of variance (ANOVA). Differences between the groups with p < 0.05 
were considered to be statistically significant and indicated with asterisks (*) in figures. 
 
Results 

 SF films were obtained by using solely B. mori SF (3%) or that mixed with Eri SF in the range of 0.05-0.4% 
(Figure 1). The characteristic of B. mori SF film was visibly changed when Eri SF was blended in the preparations.   
It became non-smooth and thicker. The maximal addition of Eri SF was 0.4%  because the higher amount made the 
film fragile. According to the method, the film was coated on one side of the glass cover slip having the dimension 
fitted with the well of a 24-well culture plate. 

 

 
Figure 1 SF films coated cover slips. Films were made of pure Bombyx mori SF (B), or that blended  
                 with Eri SF including 0.05% (B+0.05E), 0.1% (B+0.1E), 0.2% (B+0.2E) and 0.4% (B+0.4E).  

  
 The proliferative activity of mouse fibroblast NIH 3T3 cells on the B. mori SF film and on the film of the  
B. mori-Ei SF blend was followed after 24- and 48-h culture (Figure 2 and 3, respectively) .  Cell growth was also 
detectable in the culture using film non-coated cover slip. It was thought to be from cells attached to the well beneath 
the cover slip and it was consequently used as the basal growth as 100%  cell viability to evaluate the effect of SF 
films. The results from both 24-h and 48-h tests showed that proliferative activity of cells on SF film increased with 
statistical significance ( p < 0. 05)  compared with the test using cover slip ( control) .  Besides, the 24-h test 
demonstrated that the 0.1%  constituent of Eri SF in 3%  B. mori SF film was optimized for its growth supportive 
effect superior to B. mori SF.  However, the culture for 48 h was found too long to observe such effect of 0.1% Eri SF 
meanwhile the films did not change their morphology. Cells probably became aging and weak. It was this reason that 
the anti-oxidation effect was studied in 24-hculture. 

Oxidative cytotoxicity was generated by H2O2 at LD50 concentration to mouse fibroblast NIH 3T3 cells. As 
showed in Figure 4, cell viability was minimal in the H2O2 treated cell culture on B. mori SF film which was found 
did not have an anti-oxidation effect. Eri SF additives, in the range of 0.05-0.4%, in the B. mori SF film demonstrated 
the tendency to protect cells from H2O2.  
 

645



BMP13-5 

 
Figure 2  Cell viability after 24-h culture in the tests for the effect of SF film on proliferative activity of mouse  

 fibroblast NIH 3T3 cells. The experiments were performed with films made of Bombyx mori SF (B)  
 or blended with Eri SF 0.05% (B+0.05E), 0.1% (B+0.1E), 0.2% (B+0.2E) and 0.4% (B+0.4E).  
 Cells growth using cover slip without film (cover slip) was refered as the base-line growth.  
 The asterisks (*) indicate significant differences at p < 0.05 and the data are average  S.D (n=3). 

 

       
Figure 3  Cell viability after 48-h culture in the tests for the effect of SF film on proliferative activity of mouse   
  fibroblast NIH 3T3 cells. The experiments were performed with films made of Bombyx mori SF (B)  

 or blended with Eri SF 0.05% (B+0.05E), 0.1% (B+0.1E), 0.2% (B+0.2E) and 0.4% (B+0.4E).  
 Cells growth using cover slip without film (cover slip) was refered as the base-line growth.  
 The asterisks (*) indicate significant differences at p < 0.05 and the data are average  S.D (n=3). 
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Figure 4  Cell viability representing anti-oxidation effect against H2O2 on mouse fibroblast NIH 3T3 cells of films   
  containing Eri SF. The experiments were performed with film made of Bombyx mori SF (B) or blended 

with Eri SF 0.05% (B+0.05E), 0.1% (B+0.1E), 0.2% (B+0.2E) and 0.4% (B+0.4E). The asterisks (*)  
indicate significant differences at p < 0.05 and the data are average  S.D. (n=3). 
 

Discussion and Conclusion 
The SF film was expected to be applied for tissue or skin recovery in hardly healing wound like the wound 

from thermal injury and diabetic wound.  The healing process involves cell migration and proliferation into the 
reconstituting extracellular matrix ( Schultz, Wysocki, 2009) .  Once wounded, the surrounding tissue undergoes 
inflammation and produces H2O2.  It has been reviewed for the essence of H2O2 as a damage signal to turn on the 
mechanisms of healing, however, H2O2 leads to deleterious effect in case of chronic wounding ( van der Vliet,  
Janssen-Heininger, 2014) .  Among several ideal properties, wound dressing materials need to be good gaseous 
exchange, non-cytotoxic to nearby healthy tissues, promote a moist wound environment and cell growth for tissue 
regeneration, and microbiological barrier as well as antimicrobial (Jones et al., 2006) . As cited in literatures, novel 
wound dressings have been focused on the use of natural or artificial scaffolds to adopt the characteristics of dermis. 
The most importance is that they must be made from biocompatible and biodegradable materials ( International 
Organization for Standardization 10993-5 and 10993-13; https://www.iso.org>standard). Commercially ready-to-use 
scaffolds are mostly formulated with collagen which is the basal extracellular matrix. However, collagen is not able to 
prevent microbial infection and may induce hyperimmune response (Fonder et al., 2008).    

SF meets the criteria of good wound dressings, and Eri SF is superior to that of B. mori for its antimicrobial 
property (Min et al., 2004; Hu et al., 2006; Andiappan, Sundaramoorthy, 2015; Qi et al., 2017). There has been little 
knowledge of Eri SF film because of the limitation of SF solubility using the conventional method of dissolution. 
Each laboratory keeps its own tricks although the method has been published ( Srisuwan et al. , 2012; Andiappan, 
Sundaramoorthy, 2015) .  In this work, the lithium bromide method was used with modifications following the 
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previous work by Senakoon (2009). The regenerated Eri SF powder was obtained but had limitation of dissolution in 
water. Therefore, it was investigated to supplement the use of B. mori SF. The concentration of B. mori SF at 3% is 
common in film preparation as cited in literatures. The features of the SF blend films were non-smooth which were 
dominated by the characteristic of Eri SF, although the content of Eri SF was mixed in the low ratio. It was reported 
elsewhere that the surface of Eri SF film was rough and porous ( Srisuwan et al. , 2012) .  Surface roughness was 
important for cell adherence (Vepari, Kaplan, 2007). The 0.1% Eri SF constituent in the blend film was suggested to 
produce appropriate porous structure of the blend film which was attributed to the optimal growth enhancing effect. 
Higher Eri SF content, 0.2% and 0.4% , might result in too large pore and reduce the area for cell attachment. The B. 
mori SF has not been reported for its protective effect against H2O2. However, such effect was found in the B. mori 
SF hydrolysate having the contents of aromatic amino acids (Yeo et al., 2006) . The anti-oxidation of Eri SF blend 
film was interesting and has not been previously evident. It might be associated with the higher content of phenylaline 
(Ahmad et al. , 2004) .  Cell viability on cover slip was usually low even without H2O2 effect, therefore, it was not 
included as a control group in the anti-oxidation test.   

In conclusions, this work was successful in the production of B. mori SF (3% )-Eri SF (0.1% ) blend film 
which exhibited enhancing effect on the growth of mouse fibroblast NIH 3T3 cells and protection to H2O2 
cytotoxicity.   

 
Acknowledgements 

The authors would like to acknowledge kind support from Assoc.  Prof.  Dr.  Sirimungkararat S.  ( Faculty of 
Agriculture, Khon Kaen University)  for Eri cocoons and Assoc. Prof. Dr. Senawong T. (Faculty of Science, Khon 
Kaen University) for mouse fibroblast NIH 3T3 cells.  
 
References 
Ahmad R, Kamra A, Hasnain SE. Fibroin silk proteins from the nonmulberry silkworm Philosamia ricini are  

biochemically and immunologically distinct from those of the mulberry silkworm Bombyx mori. DNA 
and Cell Biology 2004; 23: 149-154. 

Andiappan M, Sundaramoorthy S . Studies on Indian Eri silk electrospun fibroin scaffold for  biomedical 
applications. In: Kumar D, Kundapur RR. Biomedical Applications of Natural Proteins. New Delhi: 
Springer 2015; 51-65. 

Deptuch T, Dams-Kozlowska H. Silk materials functionalized via genetic engineering for biomedical applications. 
 Materials 2017; 10: 1417-1437. 

Fonder MA, Lazarus GS, Cowan DA, Aronson-Cook B, Kohli AR, Mamelak AJ. Treating a chronic wound: a 
 practical approach to the care of nonhealing wounds and wound care dressings. Journal of American  
Academy of Dermatology 2008; 58: 185-206. 

Hu C, Cui J, Ren F, Peng C. Enzyme hydrolysis of silk fibroin and the anti-diabetic activity of the hydrolysates. 
International Journal of Food Engineering 2008; 4(2). 

648

https://www.researchgate.net/journal/1556-3758_International_Journal_of_Food_Engineering


BMP13-8 

Hu K, Lv Q, Cui FZ, Feng QL, Kong XD, Wang HL, et al. Biocompatible fibroin blended films with recombinant  
human-like collagen for hepatic tissue engineering. Journal of Bioactive and Compatible Polymers 2006; 
21: 23-37. 

International Organization for Standardization 10993-5 and 10993-13 [online] [cited 2017 Dec 30].  
Available from: https://www.iso.org>standard 

Jayawardane D, Pan F, Jian RLu, Zhao X. Interfacial adsorption of silk fibroin peptides and their interaction with surfactants 
at the solid–water interface. Langmuir 2016; 32: 8202–8211. 

Jones V, Grey JE, Harding KG. Wound Dressings. British Medical Journal 2006; 332: 777-780.                                 
Keiko F. Michiko A. Development of gel food of silk fibroin-applicability of silk fobroin gel to nutrition and food 
 service planning. Journal of Home Economics 2004; 51: 85-91.                                                             
Khaopha S, Jogloy S, Patanothai A, Senawong T. Histone deacetylase inhibitory activity of peanut testa extracts 

 against human cancer cell lines. Journal of Food Biochemistry 2015; 39: 263-273. 
Min BM, Jeong L, Nam YS, Kim JM, Kim JY, Park WH. Formation of silk fibroin matrices with different textures  

and its cellular response to normal human keratinocytes. International Journal of Biological 
Macromolecules 2004; 34: 223-230. 

Mondal M, Trivedy K, Kumar SN. The silk proteins, sericin and fibroin in silkworm, Bombyx mori Linn., - a review.  
 Caspian Journal of Environmental Sciences 2007; 5: 63-76. 
Nuchadomrong S, Senakoon W, Sirimungkararat S, Senawong T, Kitikoon P. Antibacterial and antioxidant activities  

of sericin powder from eri silkworm cocoons correlating to degumming processes. International Journal of  
Wild Silkmoth and Silk 2008; 13: 69-78. 

Qi Y, Wang H, Wei K, Yang Y, Zheng RY, Kim IS, et al. A review of structure construction of silk fibroin 
biomaterials from single structures to multi-level structures. International Journal of Molecular Science 
2017; 18: 237-257. 

Rockwood DN, Preda RC, Yucel T, Wang X, Lovett ML, Kaplan D. Materials fabrication from Bombyx mori silk  
 fibroin. Nature Protocols 2011; 6: 1612-1630.  
Schultz GS, Wysocki A. Interactions between extracellular matrix and growth factors in wound healing. Wound  

Repair and Regeneration 2009; 17: 153-162. 
Senakoon W. Analysis of Eri silk proteins and characterization of their preventive actions. Khon Kaen: Thesis for the  

Degree of Master of Science. Khon Kaen University; 2009.   
Singh KC, Benchamin KV. Biology and ecology of the eri silkmoth Samia ricini (Donovan) (Saturniidae): a review.  
 Bulletin of Indian Academy of Sericulture 2002; 6: 20-33. 
Srisuwan Y, Kotseang N, Namtaku K, Simchuer W, Butiman C, Srihanam P. Preparation of Eri silk fibroin and  
 gelatin blended film loaded chlorhexidine using a model for hydrophilic drug release. Natural Science  

2012; 4: 454-460. 
Van der Vliet A, Janssen-Heininger YMW. Hydrogen peroxide as a damage signal in tissue injury and inflammation:  
 murderer, mediator, or messenger. Journal of Cellular Biochemistry 2014; 115: 427-435. 

649

http://pubs.acs.org/author/Jayawardane%2C+Dharana
http://pubs.acs.org/author/Pan%2C+Fang
http://pubs.acs.org/author/Lu%2C+Jian+R
http://pubs.acs.org/author/Zhao%2C+Xiubo
http://www.journals.elsevier.com/international-journal-of-biological-macromolecules/
http://www.journals.elsevier.com/international-journal-of-biological-macromolecules/
http://cjes.guilan.ac.ir/


BMP13-9 

Vepari , Kaplan DL. Silk as a biomaterial. Progress in Polymer Science 2007; 32: 991-1007. 
Yeo JH, Lee KG, Kweon HY, Woo SO, Han SM, Kim SS, et al. Fractionation of a silk fibroin hydrolysate and its  
 protective function of hydrogen peroxide toxicity.  Journal of Applied Polymer Science 2006; 102: 772-776. 
Zhang W, Chen L, Chen J, Wang L, Gui X, Ran J, et al. Silk fibroin biomaterials show safe and effective wound  

healing in animal models and a randomized controlled clinical trial. Advanced Healthcare Materials 2017; 6. 
 
  

650


