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Abstract - Biomaterial scaffolds are used in bone tissue 

engineering to provide support repair and regeneration 

of bone defects. To develop a biopolymeric scaffolds for 

the treatment of bone regeneration using cellulose from 

paddy straw. To synthesize bio scaffold, cellulose was 

extracted from paddy straw. There are two bio scaffolds 

were prepared using cellulose material and PVA. The 

scaffold was analysed for their swelling ratio, 

hemocompatibility, cytotoxicity and antimicrobial 

analysis were carried out to analyze their efficiency in 

vitro. Our results showed that, the biosynthesized 1 % 

and 10 % PS scaffolds were able to swell and found to be 

nontoxic to Vero cells. The IC50 value of both 1 % and 

10 % PS scaffolds were found to be 377.7 μg/ml and 436.2 

μg/ml respectively. The hemocompatibility results also 

confirmed that the PS scaffolds were hemocompatible 

upto the concentration of 1000 μg/ml. The antimicrobial 

results of both 1 % and 10 % PS scaffolds were shown to 

inhibit the S. pyogenes (17 mm), Aspergillus niger (8 mm 

and 16 mm) microbial growth at the concentration of 500 

μg/ml. Taken together, these results confirm that, PS 

bioscaffolds were found to be highly hemo and 

cytocompatible and can be used for the treatment of bone 

regeneration. 

 

Index Terms - Tissue engineering, PVA, scaffold, bone 

regeneration, biopolymers, cellulose. 

 

I.INTRODUCTION 

 

Bone tissue engineering is a promising therapeutic 

strategy for bone repair and regeneration. It aims to 

reconstitute bone tissue with the help of tissue 

engineering components like cells, growth-stimulating 

signals and a scaffold [1]. Tissue scaffold provides the 

microenvironment for cell attachment, proliferation, 

differentiation, and new tissue formation and it should 

be porous to allow efficient mass transport of nutrients 

and oxygen, biocompatible and biodegradable. [2–4] 

The scaffold should also mimic the composition, 

structure, morphology, and bioactivity of bone 

extracellular matrix (ECM) to modulate cell behavior 

[5,6]. 

In addition, tissue engineering scaffolds have 

biomimetic structure and exhibit biological functions 

that are similar to those of native extracellular matrix 

(ECM) [7,8]. Artificial ECM provides cells with the 

mechanical support needed, a broad range of chemical 

signals that control cell functions [7], and a suitable 

environment for cell attachment because of physical 

dimensions similar to those of natural ECM [9–11]. 

Producing a growth factor-releasing electro spun 

scaffold remains a challenge, as the growth factor 

could lose its bioactivity during the harsh process of 

scaffold fabrication [12].  

According to an estimate, around 6 tons of paddy straw 

are left in the field after harvest of 4 tons of rice by 

mechanical harvesters [13]. This huge quantity of 

paddy straw is not being used economically now a 

days [14]. Because it is a poor feed for the cattle and 

resists the decomposition when retained in the fields, 

due to high silica (9-14%) and ash (22%) content [15]. 

High cost of collection, lack of economically viable 

options to utilize the straw and a short gap between 

harvest of rice and sowing of wheat made the farmers 

to burn it in the fields. 

Porous scaffolds fabricated through a various methods 

including a range of biomaterials, that have been 

utilized to aid and direct bone regeneration [16-18]. 

During scaffold manufacture it would therefore seem 

to be logical and it includes a combination of materials 

to create a composite scaffold, potentially allowing 

greater scaffold bioactivity and structural biomimicry 

have to be achieved.   

In general terms, the ideal scaffold is composed of a 

biocompatible, biodegradable material with similar 

mechanical properties to the wounded tissues which it 

is to be implanted in. Scaffolds by design are not 

intended to be permanent implants and will ideally 
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facilitates the host cells to deposit extracellular matrix 

(ECM) and replace the bio-scaffold structures over 

time. The architecture of the scaffold should be highly 

porous with an interconnected structure to allow cell 

proliferation and nutrient migration. The scaffold 

surface should also be modulated to facilitate cell 

attachment, proliferation and differentiation [19-22]. 

Scaffold materials to be nontoxic to tissue cells, easily 

eliminated from the body and to elicit negligible 

immune response through their presence. 

Moreover, the microarchitecture of bio scaffolds is 

also centrally important in encouraging cell viability 

level and fostering tissue in growth. Therefore, the 

present study aimed to develop and characterize 

biopolymeric scaffold for bone regeneration. 

 

II. MATERIALS REQUIRED 

 

A. Chemical and reagents 

NaCl, KCl, KH2PO4, Na2HPO4, Peptone, NaCl, 

Yeast extract, Beef extract, Dextrose, agar powder 

were purchased from Sigma, USA. Sodium citrate, 

SDS, Nacl was purchased from SRL (India), 1X PBS 

was from Himedia, (India). 96 well plates were from 

Tarson (India). 

 

B. Cell culture 

Vero (African green monkey kidney cells) cell line 

was purchased from NCCS, Pune  and were cultured 

in liquid medium (DMEM) supplemented 10 % Fetal 

Bovine Serum (FBS), 100 µg/ml penicillin and 100 

µg/ml streptomycin and maintained under an 

atmosphere of 5 % CO2  at 37oC. 

 

C. Preparation of paddy straw-cellulose based bio 

scaffold       

PS bio scaffolds were fabricated by solvent 

casting/salt leaching technique. In this method, 10 % 

(w/v) of PVA and PS cellulose (1 % and 10 %) and 

gentamicin and amphotericin B were carefully 

dissolved in de-ionized water. The solutions were 

mixed using a magnetic stirrer for 1 to 2 hours. Proper 

amounts of this mixture were poured in Petri dishes 

and air dried. Finally, the mechanically stable bio 

scaffolds obtained for further experiments.  

 

D. Swelling ratio 

In order to measure the swelling degree of biofilm 

membranes, membrane samples were cut into 2 cm  

pieces and dried at 50 °C in a vacuum oven for 6 h, the 

weight of the dried sample was determined (We). The 

dried samples were soaked in distilled water, 

maintained and incubated at 37 °C, then weighted 

(Ws) at specific interval times. The water uptake of 

biofilm membrane was determined using the 

following. 

Water uptake or swelling ratio (SR) % 

[(Ws-We)/Ws] x 100 

Small pieces of each film were taken with distilled 

water in eppendorf tubes. The weight was measured 

for every 5 min, 10 min, 15 mins. 

 

E. Hemocompatibility Assay 

About 5 ml of peripheral blood was collected from the 

healthy donor in a 3.8 % sodium citrate treated tubes 

in accordance with institutional guidelines. Then 

blood was washed with, 10 ml of 0.9 % NaCl solution 

for 3 times by centrifugation at 1500 rpm for 5 min.  

The supernatant was replaced with fresh 0.9% NaCl. 

After centrifugation, the plasma and white Buffy layer 

was removed using sterile pipette. Finally washed the 

RBCs with 10 ml of 1x PBS by centrifuging at 1500 

rpm at 5minutes. The supernatant was discarded and 

suspended the erythrocyte in 10 ml of 1x PBS and 

gently mixed. A 100 µL of 10 % SDS was added as a 

positive control. The plate was incubated for 1hr at 

room temperature. Finally, 100 µL of clear 

supernatant was collected and measured the OD at 540 

nm using microplate plate reader (Thermofisher 

Scientific, USA). 

 

F. MTT Assay 

The PS scaffolds (1% and 10 %) were tested for in 

vitro cytotoxicity, using Vero cells by 3- (4,5-

dimethylthiazol - 2-yl) -2, 5-diphenyltetrazolium 

bromide (MTT) assay. Briefly, the cultured Vero cells 

were harvested by trypsinization, pooled in a 15 ml 

tube. Then, the cells were plated at a density of 1×105 

cells/ml cells/well (200 µL) into 96-well tissue culture 

plate in DMEM medium containing 10 % FBS and 1 

% antibiotic solution for 24-48 hour at 37°C. The wells 

were washed with sterile PBS and treated with various 

concentrations of the PS scaffolds (10 %) and (1 %) 

sample in a serum free DMEM medium. Each sample 

was replicated three times and the cells were incubated 

at 37°C in a humidified 5 % CO2 incubator for 24 h. 

After the incubation period, MTT (20 µL of 5 mg/ml) 

was added into each well and the cells incubated for 
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another 2-4 h until purple precipitates were clearly 

visible under an inverted microscope. Finally, the 

medium together with MTT (220 µL) were aspirated 

off the wells and washed with 1X PBS (200 µl). 

Furthermore, to dissolve formazan crystals, DMSO 

(100 µL) was added and the plate was shaken for 5 

min. The absorbance for each well was measured at 

570 nm using a micro plate reader (Thermo Fisher 

Scientific, USA) and the percentage cell viability and 

IC50 value was calculated using Graph Pad Prism 6.0 

software (USA). 

 

G. Antibacterial activity 

The antimicrobial activity was elucidated using agar 

well diffusion method. Petri plates containing 20 ml 

nutrient agar medium were seeded with 24 hr culture 

of bacterial strains (Streptococcus pyogenes- MTCC 

1928).Totally six wells were cut and different 

concentration of cc (500 µg/ml, 250 µg/ml, 100 µg/ml 

and 50 µg/ml) was added along with positive and 

negative controls. The plates were then incubated at 

37°C for 24 hours. The antibacterial activity was 

assayed by measuring the diameter of the inhibition 

zone formed around the wells. Gentamicin antibiotic 

was used as a positive control.  

 

H. Antifungal activity 

The antifungal activity of both 1 % and 10 % SH 

scaffolds were studied using agar well diffusion 

method. Petri plates containing 20 ml nutrient agar 

medium were seeded with 72 hr culture of fungal 

strains (Aspergillus niger). Wells were cut and 

different concentration of sample PS scaffold (1% and 

10%) (500 µg/ml, 250 µg/ml, 100 µg/ml, and 50 

µg/ml) was added. The plates were then incubated at 

37°C for 72 hours. The antifungal activity was assayed 

by measuring the diameter of the inhibition zone 

formed around the wells. Amphotericin B antimycotic 

solution was used as a positive control.  

 

I. Statistical Analysis 

Statistical analysis of the data was performed using 

using Graph Pad Prism software version 6.00 for 

Windows Graph Pad Prism software, San Diego, CA. 

The differences in estimated parameters between the 

groups was analysed using one-way ANOVA with 

Bonferroni’s test. Data were expressed as mean ±SD. 

All parameters were analysis at 95% confidence 

intervals and p values of <0.05 were considered to 

stastically significance. 

 

III. RESULTS 

 

A. Synthesis of PS scaffold 

PS Bioscaffolds were successfully produced through a 

cellulose extraction method followed by an addition of 

polyvinylalcohol (PVA) to procure porous hydrogels 

with different concentrations as 10 % and 1 % PS 

scaffolds.  

 
Fig 1.  Powdered cellulose from paddy straw 

 
Fig 2. Biosynthesized 1% cellulose base PS 

bioscaffold 
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Fig 3.Biosynthesized 10% cellulose base PS 

bioscaffold 

 

B. Hemolysis 

The hemocompatibity of SH scaffold were studied 

using hemolytic assay. Biomaterials with <2% of 

hemolysis are classified as hemocompatible. As 

shown in Figure   both 1 % and 10 % PS bioscaffolds 

were found to be hemocompatible upto the 

concentration of 900 μg/ml and 1000 μg/ml 

respectively. The results generated in this study 

showed that cellulose scaffold can be classified as 

hemocompatible in nature  

 
Fig 3. Hemocompatability analysis of 1 % PS 

scaffolds in human RBC cells at various 

concentrations 100 µg/ml to 1000 µg/ml along with 

negative (1X PBS) and positive control (10% SDS). 

 
Fig 5. Hemocompatability analysis of 10 % PS 

scaffolds in human RBC cells at various 

concentrations 100 µg/ml to 1000 µg/ml along with 

negative (1X PBS) and positive control (10% SDS). 
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Graph 1. Hemocompatibility effect of 10 % PS 

scaffold at various concentration using human RBC 

cells. 
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Graph 2. Hemocompatibility effect of 1 % PS scaffold 

at various concentration using human RBC cells 

 

C. MTT assay 

MTT assay was performed to find out the cytotoxicity 

of PS scaffolds at various concentrations using Vero 

cells. The positive control was given with 100 % cell 

viability. The study showed that the number of live 

cells were significantly greater than the positive 

control was shown in Fig.  Among the several 

concentrations of PS scaffolds evaluated, the results 

showed that, the scaffolds found to be nontoxic to the 

Vero cells was shown in Graph 3 and 4. The IC50 

Value of (10 %) PS scaffolds was 436.2 μg/ml. The 

IC50 Value of (1 %) PS scaffold was 377.7 μg/ml were 

shown in table 1. Therefore, the PS scaffold 10 % and 

1 % were not toxic to Vero cells. 
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Graph 3. MTT results showed the cell viability 

percentage upon treatment with 10 % SPSscaffolds 

from 1000 μg/ml to 100 μg/ml in Vero cells. 

Table 1.  Cytotoxicity analysis of both 10 % and 1 % 

PS scaffolds using MTT assay and their IC50 values. 
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Graph 4. MTT results showed the cell viability 

percentage upon treatment with 1 % PS scaffolds from 

1000 μg/ml to 100 μg/ml in Vero cells.  

 

D. Swelling ratio 

An appropriate gelation time plays an important role 

in practical applications. This current study shows, the 

natural derived cellulose-based PS scaffolds have high 

swelling ratio up to the time point of 15 mins. As 

shown in table 2 the maximum swelling effect was 

observed at 15 min in both 1 % and 10 %  PS 

bioscaffolds to the value 96.12 % and 70.5 %  

respectively. 
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Graph 5. Swelling effect percentage of 1 % and 10 % 

PS scaffolds. 

Table 2.  Percentage of swelling effect by 1 % and 10 

% PS caffolds at various time periods. 

 

E. Antibacterial activity 

The antibacterial activity of PS scaffolds was tested 

against Streptococcus pyogenes using agar well 

diffusion method. Both PS scaffolds 10 % and 1 % 

showed anti-bacterial activity against the 

Streptococcus pyogenes (17 mm) and the maximum 

zone of inhibition was observed at 500 µg/ml. These 

results confirm that both 1 % and 10 % bioscaffolds 

were able to inhibit the bacterial growth maximum at 

500 µg/ml was shown in table 3. 

Table 3.  SD ± mean zone of inhibition obtained by 

sample PS scaffold (10% and 1%) against 

Streptococcus pyogenes.               

 

F. Antifungal activity 

Agar well diffusion assay was employed to study the 

antifungal activity of PS scaffolds was tested against 

Aspergillus niger. PS scaffolds (10 %) showed anti-

S. 

No 

Name of 

the test 

sample  

Initial 

weight 

After 

5mins 

After 

10mins 

After 

15mins 

1. PS 

scaffold 

(10%) 

0 70.5 64.2 64.2 

2. PS 

scaffold 

(1%) 

0 96.12 80.7 76.1 

3. Control 0 83.3 83.3 96.15 

S. 

No 

Name of 

the test  

Sample 

Name of 

the test  

Micro 
organis

m 

Zone of inhibition(mm) 

500 

µg/

ml 

250

µg/

ml 

100

µg/

ml 

50

µg

/m
l 

AB 

1. PS 

scaffold 
(10%) 

Streptoc

occus 
pyogene

s 

17±

1.0 

15.

6±0
.6 

10.

3±0
.3 

9.

2±
0.

2 

13±1

.0 

2. PS 

scaffold 
(1%) 

17±

2.0 

15.

7±0
.7 

10.

5±0
.5 

0 16±2

.0 

S.No Cell lines Name of the sample IC 50 Value 

1. Vero cells PS scaffold (10%) 436.2 

2. Vero cells PS scaffold (1%) 377.7 
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fungal activity against the Aspergillus niger the 

maximum zone of  inhibition was observed in the 

concentration of 8 mm at 500 µg/ml. Like-wise, PS 

scaffolds (1 %) showed anti-fungal activity against the 

Aspergillus niger the maximum zone of  inhibition 

was observed 16 mm at 500 µg/ml was shown in table 

4. 

Table 4.  SD ± mean zone of inhibition obtained by 

sample PS scaffold (1% and 10%) against Aspergillus 

niger 

 

IV. DISCUSSION 

 

Scaffolds are structurally similar to the natural 

extracellular matrix. The synthetically derived 

biodegradable polymers can be moulded easily into 

the desired shapes with proper mechanical strength 

and they have evaluated the formation of in vivo 

cartilaginous tissue using rabbit articular chondrocytes 

seeded in fibrin/PLGA hybrid scaffold [23]. Previous 

study on bioscaffolds shows naturally derived 

materials are promising biomedical materials due to 

their advantages such as similarities to the 

extracellular matrix, good biocompatibility and 

inherent cellular interaction. As cellulose fibers 

resemble the collagen fibers of bone tissue, cellulose 

has been implicated in bone tissue engineering 

applications [24]. 

Therefore, the present study focus on the biosynthesis 

and characterization of cellulose based bioscaffold for 

the treatment of bone regeneration. Similar research 

work regarding to the injectable polysaccharide hybrid 

hydrogels as scaffolds for burn wound healing [25]. 

They have assessed the gelation time of hydrogels, a 3 

wt % CMC aqueous solution was mixed with a 3% 

Odex aqueous solution at various volume ratios (1:2, 

1:1, and 2:1. The study shows that, the reduction in the 

gelation time with the increase in the Odex content 

was likely due to the increase in the crosslinks in the 

composite hydrogels. The hybrid hydrogel with the 

CMC/Odex ratio of 2.0 displayed a gelation time (~ 50 

s) suitable for burn wound treatments, which may 

ensure the close contact between the hydrogels and the 

bone sites.  It is noteworthy that an appropriate 

gelation time plays an important role in practical 

applications. In the current study, the natural derived 

cellulose-based PS bioscaffolds have high swelling 

effect of 96.12 % and 70.5 % at 5 mins of 10% and 1% 

PS scaffolds respectively.             

The previous study on the hemolytic activity of the test 

against erythrocytes of blood showed the ability of 

scaffold to cause hemolysis in the blood cells through 

lysis or cellular eruptions. It was observed that the 

scaffold presented low hemolytic action on the 

development of composite scaffolds based on cerium 

doped-hydroxyapatite and natural gums [26]. 

Interestingly, our current study shows that the PS 

scaffold (10 %) was found to be hemo-compatible at 

1000 μg/ml and PS scaffold (1 %) was found to be 

hemo-compatible at 900 μg/ml and <2 % of hemolysis 

is acceptable universally. Our results showed that the 

sample 10% PS scaffold is highly hemocompatible. 

MTT assay was performed to observe the cytotoxicity 

of scaffold at serial concentrations against CTM 

(CC50) and the study showed that among the several 

concentrations of scaffolds none of them presented 

toxic characteristics and the cellular viability of the 

biomaterial is highly large. In the present study, 

bioscaffolds, results on MTT assay shows that the both 

PS scaffolds were not toxic to the Vero cells. The IC50 

Value of 10 % and 1 % PS scaffold was observed at 

436.2 μg/ml and 377.7 μg/ml respectively. These 

results confirm that both PS scaffolds were 

cytocompatible in nature and can be used for the 

regeneration of bone tissues. 

The antimicrobial activity of PS scaffolds was studied 

using agar well diffusion method. The PS scaffolds (10 

% and %) showed anti-bacterial activity against the 

Streptococcus pyogenes (17 mm) and the maximum 

zone of inhibition was observed at 500 µg/ml. Here, 

our study reveals that our bioscaffoids are highly toxic 

to bacterial cells without affecting any damage to Vero 

cells. Both PS scaffolds (1 % and 10 %) showed the 

anti-fungal activity against Aspergillus niger (16 mm) 
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the maximum zone of inhibition was observed at 500 

μg/ml. Eventually, these results showed that paddy 

based cellulose bioscaffold could be a phenomenal 

biomaterial for the treatment of bone regeneration.  

 

V. CONCLUSION 

 

Scaffold helps in earlier bone regeneration via 

contacting with damaged tissues. The acquired 

scaffolds play a vital role in wound healing, which 

makes it a promising material for the treatment of bone 

regeneration. Furthermore, technically invitro and 

invivo assays will be carried out to ensure the 

functional effect of PS bioscaffolds on bone 

regeneration. 

 

VI.ACKNOWLEDGEMENT 

 

The author wish to thank Trichy Research Institute of 

Biotechnology private limited for providing research 

facility and constant support for the successful 

completion of my research work.  

 

REFERENCES 

 

[1] Stiers, P.J., van Gastel, N. and Carmeliet, G., 

2016. Targeting the hypoxic response in bone 

tissue engineering: a balance between supply and 

consumption to improve bone regeneration. 

Molecular and cellular endocrinology, 432, 

pp.96-105. 

[2] O'brien.; Fergal, J. Biomaterials & scaffolds for 

tissue engineering. Materials today. (2011), 14, 3 

: 88-95. 

[3] Liu, C., Xia, Z. and Czernuszka, J.T., 2007. 

Design and development of three-dimensional 

scaffolds for tissue engineering. Chemical 

Engineering Research and Design, 85(7), 

pp.1051-1064. 

[4] Ma, P.X., 2008. Biomimetic materials for tissue 

engineering. Advanced drug delivery reviews, 

60(2), pp.184-198. 

[5] Puppi, D., Chiellini, F., Piras, A.M. and Chiellini, 

E., 2010. Polymeric materials for bone and 

cartilage repair. Progress in polymer Science, 

35(4), pp.403-440. 

[6] Jiang, T., Carbone, E.J., Lo, K.W.H. and 

Laurencin, C.T., 2015. Electrospinning of 

polymer nanofibers for tissue regeneration. 

Progress in polymer Science, 46, pp.1-24. 

[7] Roeder, B.A., Kokini, K., Sturgis, J.E., Robinson, 

J.P. and Voytik-Harbin, S.L., 2002. Tensile 

mechanical properties of three-dimensional type I 

collagen extracellular matrices with varied 

microstructure. Journal of biomechanical 

engineering, 124(2), pp.214-222. 

[8] Sill, T.J. and Von Recum, H.A., 2008. 

Electrospinning: applications in drug delivery and 

tissue engineering. Biomaterials, 29(13), 

pp.1989-2006. 

[9] Elsdale, T. and Bard, J., 1972. Collagen substrata 

for studies on cell behavior. The Journal of cell 

biology, 54(3), pp.626-637. 

[10] Han, J., Branford-White, C.J. and Zhu, L.M., 

2010. Preparation of poly (ε-caprolactone)/poly 

(trimethylene carbonate) blend nanofibers by 

electrospinning. Carbohydrate Polymers, 79(1), 

pp.214-218. 

[11] Han, J., Chen, T.X., Branford-White, C.J. and 

Zhu, L.M., 2009. Electrospun shikonin-loaded 

PCL/PTMC composite fiber mats with potential 

biomedical applications. International journal of 

pharmaceutics, 382(1-2), pp.215-221. 

[12] Chen, R.R. and Mooney, D.J., 2003. Polymeric 

growth factor delivery strategies for tissue 

engineering. Pharmaceutical research, 20(8), 

pp.1103-1112. 

[13] Singh, C.P. and Panigrahy, S., 2009. An account 

of residue burning from agricultural system in 

India using space-based observations. In 

Workshop Proceedings: Impact of Climate 

Change on Agriculture, ISPRS Archives (Vol. 38, 

No. 8, p. W3). 

[14] Singh, H., Raheja, A., Sharma, R., Singh, J. and 

Kaur, T., 2013. Happy seeder-a conservation 

agriculture technology for managing rice residue 

for Central Punjab conditions. International 

Journal of Agricultural Engineering, 6(2), pp.355-

358. 

[15] Abdel-Mohdy, F.A., Abdel-Halim, E.S., Abu-

Ayana, Y.M. and El-Sawy, S.M., 2009. Rice 

straw as a new resource for some beneficial uses. 

Carbohydrate Polymers, 75(1), pp.44-51. 

[16] O'Keefe, R.J. and Mao, J., 2011. Bone tissue 

engineering and regeneration: from discovery to 

the clinic—an overview. Tissue engineering part 

B: reviews, 17(6), pp.389-392. 



© September 2021| IJIRT | Volume 8 Issue 4 | ISSN: 2349-6002 

IJIRT 152818 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 527 

 

[17] Bose, S., Roy, M. and Bandyopadhyay, A., 2012. 

Recent advances in bone tissue engineering 

scaffolds. Trends in biotechnology, 30(10), 

pp.546-554. 

[18] Wu, S., Liu, X., Yeung, K.W., Liu, C. and Yang, 

X., 2014. Biomimetic porous scaffolds for bone 

tissue engineering. Materials Science and 

Engineering: R: Reports, 80, pp.1-36. 

[19] Webber, M.J., Khan, O.F., Sydlik, S.A., Tang, 

B.C. and Langer, R., 2015. A perspective on the 

clinical translation of scaffolds for tissue 

engineering. Annals of biomedical engineering, 

43(3), pp.641-656. 

[20] Hutmacher, D.W., 2000. Scaffolds in tissue 

engineering bone and cartilage. Biomaterials, 

21(24), pp.2529-2543. 

[21] Gao, C., Deng, Y., Feng, P., Mao, Z., Li, P., Yang, 

B., Deng, J., Cao, Y., Shuai, C. and Peng, S., 

2014. Current progress in bioactive ceramic 

scaffolds for bone repair and regeneration. 

International journal of molecular sciences, 15(3), 

pp.4714-4732. 

[22] Loh, Q.L. and Choong, C., 2013. Three-

dimensional scaffolds for tissue engineering 

applications: role of porosity and pore size. 

[23] Schantz, J.T., Chim, H. and Whiteman, M., 2007. 

Cell guidance in tissue engineering: SDF-1 

mediates site-directed homing of mesenchymal 

stem cells within three-dimensional 

polycaprolactone scaffolds. Tissue engineering, 

13(11), pp.2615-2624. 

[24] Shi, Q., Li, Y., Sun, J., Zhang, H., Chen, L., Chen, 

B., Yang, H. and Wang, Z., 2012. The 

osteogenesis of bacterial cellulose scaffold loaded 

with bone morphogenetic protein-2. Biomaterials, 

33(28), pp.6644-6649.Shi, Q.; Yang Li.; Jie S.; 

Hua Z.; Lei Chen; Bing Chen; Huilin, Y.; Zhaoxu, 

W. The osteogenesis of bacterial cellulose 

scaffold loaded with bone morphogenetic protein-

2. (2012), Biomaterials 33, 28: 6644-6649. 

[25] Li, Z., Yuan, B., Dong, X., Duan, L., Tian, H., He, 

C. and Chen, X., 2015. Injectable polysaccharide 

hybrid hydrogels as scaffolds for burn wound 

healing. RSC advances, 5(114), pp.94248-94256. 

[26] Vinicius Beserra dos Santos, M., Bastos Nogueira 

Rocha, L., Gomes Vieira, E., Leite Oliveira, A., 

Oliveira Lobo, A., de Carvalho, M.A.M., Anteveli 

Osajima, J. and Cavalcanti Silva-Filho, E., 2019. 

Development of composite scaffolds based on 

cerium doped-hydroxyapatite and natural gums—

biological and mechanical properties. Materials, 

12(15), p.2389. 


