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Chitosan-Based Biomimetically Mineralized Composite Materials is a kind of organic-inorganic composite

materials fabricated by biomimetic mineralization technology using chitosan as a organic scaffold or template.

chitosan biomimetic mineralization template composite materials

| 1. Introduction

Bone and teeth are the two main hard tissues in the human body. Bone is a mineralized inorganic-organic
composite, which is mainly composed of carbonated hydroxyapatite (HAP) and type | collagenfl. Dentin,
cementum, and enamel are hard structures of teeth. Dentin and cementum are both collagenous composites
similar to bone, with apatite as the mineral phasel@@l. However, enamel is quite special, as it is acellular, non-
collagenous, and composed of 95-97% mineral by weight, with less than 1% organic material. While there are
differences in the composition and structure of these hard tissues, they are all organic-inorganic composites
formed through biomineralization processes regulated by a series of cells and organic matrices (proteins,

polysaccharides, etc.)2IE],

Bone tissue engineering is now a popular and promising method for repairing bone defects due to the large-scale
destruction or loss of bone tissue caused by events, such as trauma, infection, and tumor . It is a technique
involving the provision of three-dimensional scaffolds that act as artificial extracellular matrices, allowing cells to
proliferate and maintain their specific functions, and serve as a template for new bone formations 8. Numerous
biomimetic scaffolds of different biomaterials have been applied in bone tissue engineering®@29, Similarly, when
dental caries, trauma, or erosion cause defects of dental hard tissue, current clinical treatments cannot restore the
original structure and properties of teeth. Some biomimetic materials and strategies that have appeared in recent

years may be promising ways to fabricate enamel-like or dentin-like structures122]13]

Chitosan, a natural cationic polysaccharide, has a similar chemical structure and biological behaviors to the
components of the extracellular matrix (ECM) of bone and teeth. Chitosan has many biological properties, such as
biocompatibility, biodegradability, polyelectrolyte action, etc.14, which make it a suitable organic scaffold or
template for the fabrication of organic-inorganic composites. Unlike simply mixing chitosan and inorganic minerals
to construct composite materials, biomimetic mineralization technology, which is inspired by the biomineralization
process, can deposit minerals in situ on chitosan organic templates, thereby constructing composite materials with

closer structures and functions to those of bone or teeth. In recent years, chitosan-based composite materials
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fabricated by the biomimetic mineralization technique have been widely used in the field of bone tissue engineering
and enamel or dentin biomimetic repair. Comparing with the artificial materials currently used to repair human hard
tissues in clinic, such as ceramics, alloys, etc., chitosan-based materials have reduced costs and improved
biocompatibility, with low possibility of causing allergic and inflammatory reactions in human body[22l. Besides, the
bioactivities and mechanical properties of chitosan-based materials can also be improved with the addition of

inorganic minerals18,

| 2. Structure, Properties and Applications of Chitosan

Chitosan is a natural cationic polysaccharide that is obtained by the N-deacetylation of chitin, which is the second
most ubiquitous polymer-after cellulose-on earthld?. It is a linear copolymer composed of D-glucosamine (GIcN)
and N-acetyl-d-glucosamine (GIcNAc), which are linked by the (-1, 4-glycosidic bond, with molecular weight
ranges from 10 to over 1000 kDa 1728l The chemical structure of chitosan is similar to that of glycosaminoglycan,
the main component of the extracellular matrix (ECM)2. Deacetylation degree (DD), molecular mass, solubility,
viscosity, crystallinity, flexibility, porosity, tensile strength, and conductivity are frequently evaluated
physicochemical properties of chitosan22[2ll. Among them, DD and molecular mass are two of the most important
physical characteristics that affect both the chemical and biological properties of chitosan(22l23]24] | recent years,
chitosan preparations with various DDs, molecular masses, and molecular derivatization patterns have attracted
much attention because of their potentially beneficial biological properties. Chitosan has various outstanding
biological properties, including a good polyelectrolyte action, biodegradability, biocompatibility, bioactivity,
antimicrobial property, anticancer property, antioxidant property, cell adhesion properties, non-toxicity, and high
flexibility for chemical functionalization!22l28127] However, as chitosan is only highly soluble in most diluted acidic
solutions at a pH below 6.5 and has a poor solubility in water or most organic solvents, its application field is
severely limited22l. Therefore, improving the solubility of chitosan is a crucial step in extending its scope of
application. Deacetylation, chemical modification by adding hydrophilic biomolecules to amino or hydroxyl groups
(acylation, carboxylation, alkylation, quaternization, sulfonation, and phosphorylation), crosslinking and chemical or
enzymatical depolymerization or degradation are available methods for improving the solubility of chitosan and also
optimizing its biological properties2829. Because of the diverse properties of chitosan and its derivatives, they
have been extensively applied in the medical and pharmaceutical fields, for example, they have been used in drug
delivery3UB1  tissue engineering32! wound management23E4! gene and cancer therapy[32IB8l371  antibiofilm
drugs28 etc.

| 3. Applications in Bone Tissue Engineering

Natural bone exhibits a hierarchical structure, mainly consisting of multilayered collagen fibers and the inorganic
component, HAPE2. |n consideration of events such as trauma, infection, and tumor, which cause the large-scale
destruction or loss of bone tissue, exploring materials that can replace or even reconstruct bone structure is an
urgent challenge in orthopedic clinical practice. Bone tissue engineering is currently a hot research field and aims

to realize bone reconstruction and regeneration, focusing on scaffolds, cells, growth factors, and their interrelation
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in a microenvironmentY. For a bone tissue engineering scaffold to be successful, it must be highly porous,
osteoconductive, biodegradable, biocompatible, mechanically strong, and capable of efficiently guiding new bone
formation in the defect®1l42l, preparing organic-inorganic composite nanofibers to simulate the composition of the
ECM is an effective strategy for providing bone tissue engineering scaffolds. According to the structure and
composition of natural bone, natural macromolecule/HAP composite scaffolds synthesized by biomimetic
mineralization with natural bioactive macromolecules are currently key research focuses in this field [43144145]

Among these macromolecules, chitosan is a popular alternative because of its excellent biological properties(48!

Different chitosan-based organic-inorganic composite materials using the biomimetic mineralization technique and
their important properties in the field of bone tissue engineering are presented in Table 1. Using a wet chemical
method, Doan et al. prepared chitosan/hydroxyapatite (CS/HAP) nanofibers with a homogeneous HAP deposit.
The composite nanofibrous scaffold promoted osteogenic differentiation by inducing ossification and enhanced the
expressions of collagen type I, alkaline phosphatase, osteocalcin, bone sialoprotein, and osterix, thus showing that
it has considerable potential in bone tissue engineering applications. Compared with ordinary chitosan,
carboxymethyl chitosan (CMCS) has a better water-solubility, biodegradability, and bioactivity, which allows CMCS
to chelate Ca?*¥Z and induce the deposition of apatite[849] HE2AP-coated electro-spun CMCS nanofibers
prepared by biomimetic mineralization using 5 times simulated body fluid increased the ALP activity and the gene
expression level of Runx2 and ALP and promoted new bone formation and maturation®2. In order to fabricate a
hybrid nanostructured HAP-CS composite scaffold with HAP nanorods perpendicularly-oriented to CS fibers, Guo
and his co-workers®Y applied a two-stage preparation process using brushite (DCPD, CaHPO,-2H,0) as transitory
precursors and mimicked the biomineralization process of the apatite in bone tissue. The process included the
deposition of DCPD on the CS fiber porous scaffold using a dip-coating method and the formation of a hybrid
nanostructured HAP-CS composite scaffold through the in-situ conversion of DCPD into HAP using a bioinspired
mineralization process. The composite scaffold exhibited good mechanical properties and could support the
adhesion and proliferation of hBMSCs. Moreover, it could promote the formation of new bone in rat calvarial
defects. To further improve the mechanical and biological properties of chitosan-HAP composite scaffolds,
graphene was also introduced into the composite scaffolds. Graphene and its derivatives, such as graphene oxide
(GO) and reduced graphene oxide (RGO), are highly biocompatible and can easily be functionalized by various
organic and inorganic compounds due to the presence of various functional side groups (hydroxyl, carboxyl, and
epoxides) on its surfacel®32 |t was found that extensive mineralization occurred in the CS-GO conjugate system
because of strong electrostatic interactions between the functional groups (carboxyl groups of GO and amino
groups) of CS and calcium ions in an SBF solution. The combination of a chitosan—graphene oxide conjugate and
biomimetic mineralization was advantageous in favorably modulating cellular activity. It induced homogeneous
spatial osteoblastic cell growth and increased mineralization 23, Another study showed that chitosan acted as an
interfacial soft polymeric template on the surface of RGO, promoting an ordered growth of the hydroxyapatite
particles. The three-component composite mineralized scaffold mimicked the structure and composition of natural
bone and exhibited a relatively higher rate of cell proliferation, osteogenic differentiation, and osteoid matrix

formation(4,

Table 1. Applications of chitosan-based biomimetically mineralized composite materials in bone tissue engineering.
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Hydroxyapatite (HAP); wet chemical method (WCM); simulated body fluid (SBF); alkaline phosphatase (ALP);
dicalcium phosphate dihydrate (DCPD); graphene oxide (GO); reduced graphene oxide (RGO); amorphous
calcium phosphate (ACP); polymer-induced liquid precursor (PILP); nanohydroxyapatite (HAP); layer-by-layer
(LBL); poly(lactic acid) (PLA); poly(ethylene glycol) (PEG), calcium phosphate (CaP).
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formation of HAP
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organic component of the natural bone extracellular matrix, and then homogeneous HAP was deposited on its
surface using a wet chemical method. The biomimetic composite scaffolds could further enhance osteoblast cell
proliferation28. Heinemann et al. prepared organically modified hydroxyapatite (ormoHAP) in gelatin gels using the
double migration technique and mineralized chitosan porous scaffolds created using the Net-Shape-Nonwoven
(NSN) technique. The mineralized NSN-scaffolds improved the attachment, proliferation, and differentiation of
hBMSC, presenting a remarkable application potential for bone tissue engineering®d. In addition to collagen and
gelatin, other biodegradable polymers or proteins, such as cellulosel®, PLABL PEGI, and silk fibroinl®3, were
also effective organic additives, acting as crosslinking agents or scaffolds of the chitosan-based composite
materials. While various chitosan/calcium phosphates are the most common biomimetically mineralized composite
materials used in bone tissue engineering, some chitosan/silica biomimetically mineralized scaffolds have also
been applied due to their capability in inducing the formation of apatite and good potential for promoting new bone

regeneration(88l67],

References

1. Liu, Y.; Luo, D.; Wang, T. Hierarchical Structures of Bone and Bioinspired Bone Tissue
Engineering. Small 2016, 12, 4611-4632.

2. Goncalves, P.F; Sallum, E.A.; Sallum, A.W.; Casati, M.Z.; Nociti, F.H. Dental cementum
reviewed:development, structure, composition, regeneration and potential functions. Braz. J. Oral
Sci. 2005, 4, 12.

https://encyclopedia.pub/entry/3076 6/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

. Goldberg, M.; Kulkarni, A.B.; Young, M.; Boskey, A. Dentin: Structure, composition and

mineralization. Front. Biosci. 2011, 3, 711.

. Ruan, Q.; Moradian-Oldak, J. Amelogenin and enamel biomimetics. J. Mater. Chem. B 2015, 3,

3112-3129.

. Uskokovic, V. When 1 + 1 > 2: Nanostructured composites for hard tissue engineering

applications. Mat. Sci. Eng. C-Mater. 2015, 57, 434-451.

. Elsharkawy, S.; Mata, A. Hierarchical Biomineralization: From Nature’s Designs to Synthetic

Materials for Regenerative Medicine and Dentistry. Adv. Healthc. Mater. 2018, 7, e1800178.

. Wubneh, A.; Tsekoura, E.K.; Ayranci, C.; Uludag, H. Current state of fabrication technologies and

materials for bone tissue engineering. Acta Biomater. 2018, 80, 1-30.

. Holzwarth, J.M.; Ma, P.X. Biomimetic nanofibrous scaffolds for bone tissue engineering.

Biomaterials 2011, 32, 9622-9629.

. Park, J.Y.; Park, S.H.; Kim, M.G.; Park, S.H.; Yoo, T.H.; Kim, M.S. Biomimetic Scaffolds for Bone

Tissue Engineering. Adv. Exp. Med. Biol. 2018, 1064, 109-121.

Tania, L.; Luca, T.; Francesca, P.; Andrea, G.; Marco, A.; Gerardo, P.; Patrizio, C.; Enzo, D.F.
Fabrication and Applications of Micro/Nanostructured Devices for Tissue Engineering. Nano-Micro
Lett. 2017, 9, 3—-15.

Ding, C.M.; Chen, Z.X.; Li, J.S. From molecules to macrostructures: Recent development of
bioinspired hard tissue repair. Biomater. Sci. 2017, 5, 1435-1449.

Pandya, M.; Diekwisch, T.G.H. Enamel biomimetics-fiction or future of dentistry. Int. J. Oral Sci.
2019, 11, 8.

Ahmed, G.M.; Abouauf, E.A.; AbuBakr, N.; Dorfer, C.E.; El-Sayed, K.F. Tissue Engineering
Approaches for Enamel, Dentin, and Pulp Regeneration: An Update. Stem Cells Int. 2020, 2020,
5734539.

Younes, |.; Rinaudo, M. Chitin and chitosan preparation from marine sources. Structure,
properties and applications. Mar. Drugs 2015, 13, 1133-1174.

Aguilar, A.; Zein, N.; Harmouch, E.; Hafdi, B.; Bornert, F.; Offner, D.; Clauss, F.; Fioretti, F.; Huck,
O.; Benkirane-Jessel, N.; et al. Application of Chitosan in Bone and Dental Engineering.
Molecules 2019, 24, 3009.

Vukajlovic, D.; Parker, J.; Bretcanu, O.; Novakovic, K. Chitosan based polymer/bioglass
composites for tissue engineering applications. Mater. Sci. Eng. C Mater. Biol. Appl. 2019, 96,
955-967.

https://encyclopedia.pub/entry/3076 7/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Husain, S.; Al-Samadani, K.H.; Najeeb, S.; Zafar, M.S.; Khurshid, Z.; Zohaib, S.; Qasim, S.B.
Chitosan Biomaterials for Current and Potential Dental Applications. Materials 2017, 10, 602.

Varlamov, V.P; II'ina, A.V.; Shagdarova, B.T.; Lunkov, A.P.; Mysyakina, 1.S. Chitin/Chitosan and Its
Derivatives: Fundamental Problems and Practical Approaches. Biochemistry 2020, 85, S154—
S176.

Kim, C.H.; Park, S.J.; Yang, D.H.; Chun, H.J. Chitosan for Tissue Engineering. Adv. Exp. Med.
Biol. 2018, 1077, 475-485.

Detsi, A.; Kavetsou, E.; Kostopoulou, I.; Pitterou, I.; Pontillo, A.R.N.; Tzani, A.; Christodoulou, P.;
Siliachli, A.; Zoumpoulakis, P. Nanosystems for the Encapsulation of Natural Products: The Case
of Chitosan Biopolymer as a Matrix. Pharmaceutics 2020, 12, 669.

Philibert, T.; Lee, B.H.; Fabien, N. Current Status and New Perspectives on Chitin and Chitosan
as Functional Biopolymers. Appl. Biochem. Biotechnol. 2017, 181, 1314-1337.

Foster, L.J.; Ho, S.; Hook, J.; Basuki, M.; Marcal, H. Chitosan as a Biomaterial: Influence of
Degree of Deacetylation on Its Physiochemical, Material and Biological Properties. PLoS ONE
2015, 10, e0135153.

Chatelet, C.; Damour, O.; Domard, A. Influence of the degree of acetylation on some biological
properties of chitosan films. Biomaterials 2001, 22, 261-268.

Tangsadthakun, C.; Kanokpanont, S.; Sanchavanakit, N.; Pichyangkura, R.; Banaprasert, T.;
Tabata, Y.; Damrongsakkul, S. The influence of molecular weight of chitosan on the physical and
biological properties of collagen/chitosan scaffolds. J. Biomater. Sci. Polym. Ed. 2007, 18, 147—
163.

Augustine, R.; Rehman, S.R.U.; Ahmed, R.; Zahid, A.A.; Sharifi, M.; Falahati, M.; Hasan, A.
Electrospun chitosan membranes containing bioactive and therapeutic agents for enhanced
wound healing. Int. J. Biol. Macromol. 2020, 156, 153-170.

Islam, S.; Bhuiyan, M.A.R.; Islam, M.N. Chitin and Chitosan: Structure, Properties and
Applications in Biomedical Engineering. J. Polym. Environ. 2016, 25, 854—866.

Shariatinia, Z. Carboxymethyl chitosan: Properties and biomedical applications. Int. J. Biol.
Macromol. 2018, 120 (Pt B), 1406-14109.

Fakhri, E.; Eslami, H.; Maroufi, P.; Pakdel, F.; Taghizadeh, S.; Ganbarov, K.; Yousefi, M.;
Tanomand, A.; Yousefi, B.; Mahmoudi, S.; et al. Chitosan biomaterials application in dentistry. Int.
J. Biol. Macromol. 2020, 162, 956-974.

Wang, W.; Meng, Q.; Li, Q.; Liu, J.; Zhou, M.; Jin, Z.; Zhao, K. Chitosan Derivatives and Their
Application in Biomedicine. Int. J. Mol. Sci. 2020, 21, 487.

https://encyclopedia.pub/entry/3076 8/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ali, A.; Ahmed, S. Areview on chitosan and its nanocomposites in drug delivery. Int. J. Biol.
Macromol. 2018, 109, 273-286.

Ahsan, S.M.; Thomas, M.; Reddy, K.K.; Sooraparaju, S.G.; Asthana, A.; Bhatnagar, I. Chitosan as
biomaterial in drug delivery and tissue engineering. Int. J. Biol. Macromol. 2018, 110, 97-109.

Preethi Soundarya, S.; Haritha Menon, A.; Viji Chandran, S.; Selvamurugan, N. Bone tissue
engineering: Scaffold preparation using chitosan and other biomaterials with different design and
fabrication techniques. Int. J. Biol. Macromol. 2018, 119, 1228-1239.

Bano, I.; Arshad, M.; Yasin, T.; Ghauri, M.A.; Younus, M. Chitosan: A potential biopolymer for
wound management. Int. J. Biol. Macromol. 2017, 102, 380-383.

Park, J.U.; Song, E.H.; Jeong, S.H.; Song, J.; Kim, H.E.; Kim, S. Chitosan-Based Dressing
Materials for Problematic Wound Management. Adv. Exp. Med. Biol. 2018, 1077, 527-537.

Fathi, M.; Majidi, S.; Zangabad, P.S.; Barar, J.; Erfan-Niya, H.; Omidi, Y. Chitosan-based
multifunctional nanomedicines and theranostics for targeted therapy of cancer. Med. Res. Rev.
2018, 38, 2110-2136.

Santos-Carballal, B.; Fernandez Fernandez, E.; Goycoolea, F.M. Chitosan in Non-Viral Gene
Delivery: Role of Structure, Characterization Methods, and Insights in Cancer and Rare Diseases
Therapies. Polymers 2018, 10, 444.

Chuan, D.; Jin, T.; Fan, R.; Zhou, L.; Guo, G. Chitosan for gene delivery: Methods for
improvement and applications. Adv. Colloid Interface Sci. 2019, 268, 25-38.

Khan, F.; Pham, D.T.N.; Oloketuyi, S.F.; Manivasagan, P.; Oh, J.; Kim, Y.M. Chitosan and their
derivatives: Antibiofilm drugs against pathogenic bacteria. Colloids Surf. B Biointerfaces 2020,
185, 110627.

Reznikov, N.: Shahar, R.; Weiner, S. Bone hierarchical structure in three dimensions. Acta
Biomater. 2014, 10, 3815-3826.

Chahal, S.; Kumar, A.; Hussian, F.S.J. Development of biomimetic electrospun polymeric
biomaterials for bone tissue engineering. A review. J. Biomater. Sci. Polym. Ed. 2019, 30, 1308-
1355.

Przekora, A. The summary of the most important cell-biomaterial interactions that need to be
considered during in vitro biocompatibility testing of bone scaffolds for tissue engineering
applications. Mat. Sci. Eng. C-Mater. 2019, 97, 1036—-1051.

Xiujuan Zhao; Liangyu Zhou; Qingtao Li; Qingxia Zou; Chang Du; Biomimetic mineralization of
carboxymethyl chitosan nanofibers with improved osteogenic activity in vitro and in vivo.
Carbohydrate Polymers 2018, 195, 225-234, 10.1016/j.carbpol.2018.04.090.

https://encyclopedia.pub/entry/3076 9/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Singh, R.; Shitiz, K.; Singh, A. Chitin and chitosan: Biopolymers for wound management. Int.
Wound J. 2017, 14, 1276-1289.

Venkatesan, J.; Kim, S.K. Nano-hydroxyapatite composite biomaterials for bone tissue
engineering--a review. J. Biomed. Nanotechnol. 2014, 10, 3124-3140.

Farokhi, M.; Mottaghitalab, F.; Samani, S.; Shokrgozar, M.A.; Kundu, S.C.; Reis, R.L.; Fatahi, Y.;
Kaplan, D.L. Silk fibroin/hydroxyapatite composites for bone tissue engineering. Biotechnol. Adv.
2018, 36, 68-91.

Tao, F.; Cheng, Y.; Shi, X.; Zheng, H.; Du, Y.; Xiang, W.; Deng, H. Applications of chitin and
chitosan nanofibers in bone regenerative engineering. Carbohydr. Polym. 2020, 230, 115658.

Zhao, X.; Zhou, L.; Li, Q.; Zou, Q.; Du, C. Biomimetic mineralization of carboxymethyl chitosan
nanofibers with improved osteogenic activity in vitro and in vivo. Carbohydr. Polym. 2018, 195,
225-234.

Budiraharjo, R.; Neoh, K.G.; Kang, E.T. Hydroxyapatite-coated carboxymethyl chitosan scaffolds
for promoting osteoblast and stem cell differentiation. J. Colloid Interface Sci. 2012, 366, 224—
232.

Upadhyaya, L.; Singh, J.; Agarwal, V.; Tewari, R.P. The implications of recent advances in
carboxymethyl chitosan based targeted drug delivery and tissue engineering applications. J.
Control. Release 2014, 186, 54-87.

Guo, Y.-P,; Guan, J.-J.; Yang, J.; Wang, Y.; Zhang, C.-Q.; Ke, Q.-F. Hybrid nanostructured
hydroxyapatite-chitosan composite scaffold: Bioinspired fabrication, mechanical properties and
biological properties. J. Mater. Chem. B 2015, 3, 4679-4689.

Liu, H.; Xi, P.; Xie, G.; Shi, Y.; Wang, J. Simultaneous Reduction and Surface Functionalization of
Graphene Oxide for Hydroxyapatite Mineralization. J. Phys. Chem. C. 2012, 116, 3334-3341.

Liu, H.; Cheng, J.; Chen, F,; Bai, D.; Shao, C.; Wang, J.; Xi, P.; Zeng, Z. Gelatin functionalized
graphene oxide for mineralization of hydroxyapatite: Biomimetic and in vitro evaluation.
Nanoscale 2014, 6, 5315-5322.

Depan, D.; Pesacreta, T.C.; Misra, R.D.K. The synergistic effect of a hybrid graphene oxide-
chitosan system and biomimetic mineralization on osteoblast functions. Biomater. Sci. 2014, 2,
264-274.

Asha, S.; Ananth, A.N.; Jose, S.P.; Rajan, M.A.J. Reduced graphene oxide aerogel networks with
soft interfacial template for applications in bone tissue regeneration. Appl. Nanosci. 2018, 8, 395—
405.

Doan Van Hong, T.; Ho, M.H.; Hsiao, S.W.; Li, C.H. Wet chemical process to enhance
osteoconductivity of electrospun chitosan nanofibers. J. Mater. Sci. 2015, 50, 1575-1585.

https://encyclopedia.pub/entry/3076 10/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Wang, Y.; Ngo Van, M.; Wang, H.; Zhong, X.; Zhang, X.; Li, C. Synergistic intrafibrillar/extrafibrillar
mineralization of collagen scaffolds based on a biomimetic strategy to promote the regeneration
of bone defects. Int. J. Nanomed. 2016, 11, 2053-2067.

Zou, L.; Zhang, Y.; Liu, X.; Chen, J.; Zhang, Q. Biomimetic mineralization on natural and synthetic
polymers to prepare hybrid scaffolds for bone tissue engineering. Colloids Surf. B 2019, 178,
222-229.

Chen, P; Liu, L.; Pan, J.; Mei, J.; Li, C.; Zheng, Y. Biomimetic composite scaffold of
hydroxyapatite/gelatin-chitosan core-shell nanofibers for bone tissue engineering. Mat. Sci. Eng.
C-Mater. 2019, 97, 325-335.

Heinemann, C.; Bruenler, R.; Kreschel, C.; Kruppke, B.; Bernhardt, R.; Aibibu, D.; Cherif, C.;
Wiesmann, H.P.; Hanke, T. Bioinspired calcium phosphate mineralization on Net-Shape-
Nonwoven chitosan scaffolds stimulates human bone marrow stromal cell differentiation. Biomed.
Mater. 2019, 14, 045017.

Liang, H.; Sheng, F.; Zhou, B.; Pei, Y.; Li, B.; Li, J. Phosphoprotein/chitosan electrospun
nanofibrous scaffold for biomineralization. Int. J. Biol. Macromol. 2017, 102, 218-224.

Lin, C.C.; Fu, S.J.; Lin, Y.C.; Yang, I.K.; Gu, Y. Chitosan-coated electrospun PLA fibers for rapid
mineralization of calcium phosphate. Int. J. Biol. Macromol. 2014, 68, 39-47.

Nitta, S.; Komatsu, A.; Ishii, T.; Ohnishi, M.; Inoue, A.; Iwamoto, H. Fabrication and
characterization of water-dispersed chitosan nanofiber/poly(ethylene glycol) diacrylate/calcium
phosphate-based porous composites. Carbohydr. Polym. 2017, 174, 1034-1040.

Liu, Z.; Xu, D.; Tong, S.; Tian, Y.; Li, G.; Sun, X.; Wang, X. Comparison studies of mineralized and
non-mineralized SF/CS hybrid bone scaffolds co-cultured with the osteoblast cell line MC3T3-E1
in vitro. Int. J. Clin. Exp. Med. 2017, 10, 8969-8978.

Li, N.; Zhou, L.; Xie, W.L.; Zeng, D.Y.; Cai, D.Q.; Wang, H.Y.; Zhou, C.R.; Wang, J.; Li, L.H.
Alkaline phosphatase enzyme-induced biomineralization of chitosan scaffolds with enhanced
osteogenesis for bone tissue engineering. Chem. Eng. J. 2019, 371, 618-630.

Douglas, T.E.L.; Skwarczynska, A.; Modrzejewska, Z.; Balcaen, L.; Schaubroeck, D.; Lycke, S.;
Vanhaecke, F.; Vandenabeele, P.; Dubruel, P.; Jansen, J.A.; et al. Acceleration of gelation and
promotion of mineralization of chitosan hydrogels by alkaline phosphatase. Int. J. Biol. Macromol.
2013, 56, 122-132.

Pipattanawarothai, A.; Suksai, C.; Srisook, K.; Trakulsujaritchok, T. Non-cytotoxic hybrid
bioscaffolds of chitosan-silica: Sol-gel synthesis, characterization and proposed application.
Carbohydr. Polym. 2017, 178, 190-199.

Salama, A.; Hesemann, P. Synthesis and characterization of N-guanidinium chitosan/silica ionic
hybrids as templates for calcium phosphate mineralization. Int. J. Biol. Macromol. 2020, 147,

https://encyclopedia.pub/entry/3076 11/12



Chitosan-Based Biomimetically Mineralized Composite Materials | Encyclopedia.pub

68.

69.

70.

71.

276-283.

Lin, M.L.; Liu, H.H.; Deng, J.J.; An, R.; Shen, M.J.; Li, Y.Q.; Zhang, X. Carboxymethyl chitosan as
a polyampholyte mediating intrafibrillar mineralization of collagen via collagen/ACP self-assembly.
J. Mater. Sci. Technol. 2019, 35, 1894-1905.

Kuttappan, S.; Mathew, D.; Nair, M.B. Biomimetic composite scaffolds containing bioceramics and
collagen/gelatin for bone tissue engineering—A mini review. Int. J. Biol. Macromol. 2016, 93,
1390-1401.

Cojocaru, F.D.; Balan, V.; Popa, M.l.; Lobiuc, A.; Antoniac, A.; Antoniac, I.V.; Verestiuc, L.
Biopolymers-Calcium phosphates composites with inclusions of magnetic nanoparticles for bone
tissue engineering. Int. J. Biol. Macromol. 2019, 125, 612—-620.

Richardson, J.J.; Bjérnmalm, M.; Caruso, F. Multilayer assembly. Technology-driven layer-by-layer
assembly of nanofilms. Science 2015, 348, aaa2491.

Retrieved from https://encyclopedia.pub/entry/history/show/9776

https://encyclopedia.pub/entry/3076 12/12



