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Figura 6: Possibilidades de funcionalização da Quitosana. 
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Tabela 1: Rotas para a Derivatização de Quitosana e suas propriedades. (Fonte: O autor) 
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Quitosana 

Exemplos de Reações 
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Quitosana modificada 
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O

O

O

O

OH

OH

O
O

OH N

OH
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O

O
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O
O

OH N

OH

O

 

Atividade antibacteriana, 
anticancerígena e 

atividade antifúngica 
26,27 

Quaternarização 
O

O

OH N
+

OH

O

R R
R

R-I, NaI, NaOH

 

Atividade antimicrobiana, 
antibacteriana, drug 

delivery, engenharia de 
tecido 
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O

O

OH NH

OH

O

Br
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O

OH NH
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N N

N N OO
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OH

R
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OH NH

O

OH

O

OHO

 

Ação antioxidante, 
atividade antibacteriana, 

oral carrier e drug 
delivery 

36,37 

Tiolação 
O

O

OH NH

O

OH

O

SH

O

SH

OH

 

Engenharia de tecido, 
drug delivery e atividade 

antibacteriana 
38 

Sulfonação 

O
O

OH NH

O

OH

O

O

S
O

O
OH

O
O

H
S
O

O
OH

 

Atividade antiviral, 
anticoagulantes e 

regeneração óssea 
39 

 



 
 

40

 

41 

  

42 43 

P
O

OH

OH

P
O

OH OH

O
O

O
NH2

O

O

n

O
O

OH
NH2

OH

O

P
2
O

5

CH
3
SO

3

n

H
3
PO

4

P
O

OH

OH

P
O

OH OH

O
O

O
NH

O

O

P

OH

OH

O n

Et
3
PO

4
,H

3
PO

4
 , P

2
O

5

P
O

OH

OH

P
O

OH OH

O
O

O
NH

O

O

P

OH

OH

O n

O
O

OH
NH

OH

O

P

OH

OH

O n

H3PO4 , HCOH

 

Figura 8: Reações de Fosforilação da Quitosana. 
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Figura 9: Reação de fosforilação da Quitosana com proteção do grupo amino. 
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Figura 10: Reação de fosforilação com proteção do grupo amino. 
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Figura 13: Comparação dos espectros de RMN 13C, obtidos em estado sólido, para a quitosana e P-

Quitosana. 
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Figura 21: Análise Termogravimétrica (TGA) para P-Quitosana após reação com íons cálcio. 
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Figura 23: Reação de reticulação da quitosana utilizando glutaraldeído. 
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Figura 29: Formação do reticulante e reação de reticulação. 

 

Figura 30: Fotografia demonstrando as características viscoelásticas do material RET-P-QuiN. 
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Figura 31: Cilindro de Gel de RET-P-QuiNCa resultante da Geleificação Ionotrópica de RET-P-QuiN. 
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Figura 34: Espectro de RMN 31P da RET-P-QuiNCa. 
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Figura 35: Comparação entre os espectros de RMN 13C da P-Quitosana e do scaffold de RET-P-

QuiNCa obtidos em estado sólido. 
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Tabela 3: Atribuições das deconvoluções para o espectro de XPS da Quitosana, P-Quitosana e RET-

P-QuiNCa. 

Elemento Quitosana P-Quitosana RET-P-QuiNCa Atribuição Referência 

 BE (eV) 

Proporção 
da área 

dos picos 
(%) 

BE (eV) 

Proporção 
da área 

dos picos 
(%) 

BE (eV) 

Proporção 
da área 

dos picos 
(%) 

  

C1s 

286,35 45 286,45 25 286,63 31 C-O  

284,83 15 285,03 16 284,87 14 CH2  

286,6 13 286,56 15 286,47 13 C-N  

288,04 16,5 287,81 17 287,91 14 O-C-O 98,99 

284,63 4 284,45 6 284,47 4 CH3  

289,48 6,5 289,3 6 289,23 9 C=O  

  285,56 15 285,42 15 C-O-P  

        

N1s 

399,63 75 399,67 72 399,66 55 Amina  

400,91 25 400,62 28 400,45 45 Amida 43,99 

        

O1s 

532,9 90 532,81 33 532,7 30 C-O  

531,04 3 0 0 0 0 H2O  

534,42 7 533,91 8 533,32 20 C=O 98,99 

  531,25 59 531,27 50 P-O e P=O  

        

P2p 

  132,85 28 133,34 65 Q0 2p3/2  

  133,35 19 134,3 35 Q0 2p1/2  

  133,66 27   Q1 2p3/2 98,99 

  134,23 17   Q1 2p1/2  

  134,82 6   Q2 2p3/2  

  135,55 3   Q2 2p1/2  

        

 

- - -

 

- - - -

 



 
 

-

 

-

- -

- -

- -

 

- -

 

 





 
 

-

- - -

-

- -

 





 
 

-

- -

-

-

 

-

- - -

-

-

 

- -

 







 
 

-

-

 

- -

 

  



 
 

 

-

-

 

- -

-  

 

-

 

  



 
 

 

 

 

 

 

- -

 

  



 
 

 

- -

100 101 

 

- -

102 103  

- -

 

 

 







 
 

-

 

 

 

 

  



 
 

 

-

 

- -  

- -

-

 

- -

-  

- -

 

- -  

- -

 

- - -

 

 

 



 
 

 

- -  

-

 

 

- -

-  

- -

105

-  

 

-

- -

 



 
 

 

 

 

1 

 

2 

 

 

- -  

- -

 

-

 

-

- -

 

  















 
 

-

- -

-

 

- - -

107

 

-

-

 

-



 
 

108 

-

 

  



 
 

 

- -

 

 

-

 

- -

 

  



 
 

 

 

 

 

 

- -

-

 

 

  



 
 

 

 
1

 

2 Crini, G. The Period of Application: From 1970 Until Now. In Chitin and Chitosan; Crini, G., Ed.; 

Academic Press: 2022; pp 125. 

3  Zhang, J.; Said, F. M.; Jing, Z. Hydrogels Based on Seafood Chitin: From Extraction to the 

Development. Int. J. Biol. Macromol. 2023, 253, (Part 1), pp 126482. 

4  Khor, E. Overview of Chitin and Chitosan Research. In Chitin (Second Edition); Khor, E., Ed.; 

Elsevier: 2014; pp 1. 

5 Peniche, C.; Argüelles-Monal, W.; Goycoolea, F. M. Chitin and Chitosan: Major Sources, Properties 

and Applications. In Monomers, Polymers and Composites from Renewable Resources; Belgacem, M. 

N., Gandini, A., Eds.; Elsevier: 2008; pp 517. 

6 Ahmad, S. I.; Ahmad, R.; Khan, M. S.; Kant, R.; Shahid, S.; Gautam, L.; Hasan, G. M.; Hassan, M. I. 

Chitin and Its Derivatives: Structural Properties and Biomedical Applications. Int. J. Biol. Macromol. 

2020, 164, pp 526. 

7 Crini, G. Chitin and Chitosan: Production, Properties, and Applications. In Chitin and Chitosan; Crini, 

G., Ed.; Academic Press: 2022; pp 149. 

8 Al-Rooqi, M. M.; Hassan, M. M.; Moussa, Z.; Obaid, R. J.; Suman, N. H.; Wagner, M. H.; Natto, S. S. 

A.; Ahmed, S. A. Advancement of Chitin and Chitosan as Promising Biomaterials. J. Saudi Chem. 

Soc. 2022, 26 (6) pp 101561. 

9  Kumar, M. N. V. R.; Muzzarelli, R. A. A.; Muzzarelli, C.; Sashiwa, H.; Domb, A. J. Chitin and 

Chitosan. Chem. Rev. 2004, 104 (12), pp 6017. 

10 Kumar, M. N. V. R. A Review of Chitin and Chitosan Applications. Reactive Funct. Polym. 2000, 46 

(1), pp 1. 

11  Aranaz, I.; Mengibar, M.; Harris, R.; Paños, I.; Miralles, B.; Acosta, N.; Galed, G.; Heras, A. 

Functional Characterization of Chitin and Chitosan. Curr. Chem. Biol. 2009, 3, pp 203. 

12 Koide, S. S. Chitin-Chitosan: Properties, Benefits and Risks. Nutr. Res. 1998, 18, pp 1091. 

13 Khor, E. Traditional Chitin and Chitosan Biomaterials Research. In Chitin (Second Edition); Khor, E., 

Ed.; Elsevier: 2014; pp 29. 

14 Wang, J.; Duan, X.; Zhong, D.; Zhang, M.; Li, J.; Hu, Z.; Han, F. Pharmaceutical Applications of 

Chitosan in Skin Regeneration: A Review. Int. J. Biol. Macromol. 2024, 261 (Part 1), pp 129064. 

15 Kumar, A.; Vimal, A.; Kumar, A. Why Chitosan? From Properties to Perspective of Mucosal Drug 

Delivery. Int. J. Biol. Macromol. 2016, 91, 615. 

16 Lankalapalli, S.; Kolapalli, V. R. Polyelectrolyte Complexes: A Review of Their Applicability in Drug 

Delivery Technology. Indian J. Pharm. Sci. 2009, 71, (5), pp 481. 

17  Wani, T. U.; Pandith, A. H.; Sheikh, F. A. Polyelectrolytic Nature of Chitosan: Influence on 

Physicochemical Properties and Synthesis of Nanoparticles. J. Drug Deliv. Sci. Technol. 2021, 65. 

 



 
 

 
18 Kawashima, Y.; Handa, T.; Kasai, A.; Takenaka, H.; Lin, S. Y.; Ando, Y. Novel Method for the 

Preparation of Controlled-Release Theophylline Granules Coated with a Polyelectrolyte Complex of 

Sodium Polyphosphate-Chitosan. J. Pharm. Sci. 1985, 74 (3), 264. 

19 -

-

 

20 Wani, S. U. D.; Ali, M.; Mehdi, S.; Masoodi, M. H.; Zargar, M. I.; Shakeel, F. A Review on Chitosan 

and Alginate-Based Microcapsules: Mechanism and Applications in Drug Delivery Systems. Int. J. 

Biol. Macromol. 2023, pp 248. 

21  Lacerda, L.; Parize, A. L.; Fávere, V.; Laranjeira, M. C. M.; Stulzer, H. K. Development and 

Evaluation of pH-Sensitive Sodium Alginate/Chitosan Microparticles Containing the Antituberculosis 

Drug Rifampicin. Mater. Sci. Eng. C 2014, 39, pp 161. 

22  Zhao, B.; Alonso, N. F.; Miras, J.; Vílchez, S.; García-Celma, M. J.; Morral, G.; Esquena, J. 

Triggered Protein Release from Calcium Alginate/Chitosan Gastro-Resistant Capsules. Colloids Surf., 

A, 2024, 693, pp 133998. 

23 Lingait, D.; Rahagude, R.; Gaharwar, S. S.; Das, R. S.; Verma, M. G.; Srivastava, N.; Kumar, A.; 

Mandavgane, S. A Review on Versatile Applications of Biomaterial/Polycationic Chitosan: An Insight 

into the Structure-Property Relationship. Int. J. Biol. Macromol. 2024, 257 (Part 2), pp 128676. 

24 Iqbal, Y.; Ahmed, I.; Irfan, M. F.; Chatha, S. A. S.; Zubair, M.; Ullah, A. Recent Advances in 

Chitosan-Based Materials: The Synthesis, Modifications and Biomedical Applications. Carbohydr. 

Polym. 2023, 321, pp 121318. 

25 Harugade, A.; Sherje, A. P.; Pethe, A. Chitosan: A Review on Properties, Biological Activities and 

Recent Progress in Biomedical Applications. Reactive Funct. Polym. 2023, 191, pp 105634. 

26 Haj, N. Q.; Mohammed, M. O.; Mohammood, L. E. Synthesis and Biological Evaluation of Three 

New Chitosan Schiff Base Derivatives. ACS Omega 2020, 5, 23, pp 13948. 

27 Elhag, M.; Abdelwahab, H. E.; Mostafa, M. A.; Yacout, G. A.; Nasr, A. Z.; Dambruoso, P.; El Sadek, 

M. M. One Pot Synthesis of New Cross-Linked Chitosan-Schiff' Base: Characterization, and Anti-

Proliferative Activities. Int. J. Biol. Macromol. 2021, 184, pp 558. 

28 Andreica, B.-I.; Cheng, X.; Marin, L. Quaternary Ammonium Salts of Chitosan: A Critical Overview 

on the Synthesis and Properties Generated by Quaternization. Eur. Polym. J. 2020, 139, pp 110016. 

29 Oyervides-Muñoz, E.; Avérous, L.; Sosa-Santillán, G. D. J.; Pollet, E.; Pérez-Aguilar, N. V.; Rojas-

Caldera, C. M.; García-Astrain, C. EDC-Mediated Grafting of Quaternary Ammonium Salts onto 

Chitosan for Antibacterial and Thermal Properties Improvement. Macromol. Chem. Phys. 2019, 220 

(8), pp 1800530. 

30 Mansour, H.; El-Sigeny, S.; Shoman, S.; Abu-Serie, M. M.; Tamer, T. M. Preparation, 

Characterization, and Bioevaluation of Fatty N-Hexadecanyl Chitosan Derivatives for Biomedical 

Applications. Polymers, 2022, 14 (19), pp 4011. 

 



 
 

 
31 Fardioui, M.; Kadmiri, I. M.; Qaiss, A. el K.; Bouhfid, R. Bio-Active Nanocomposite Films Based on 

Nanocrystalline Cellulose Reinforced Styrylquinoxalin-Grafted-Chitosan: Antibacterial and Mechanical 

Properties. Int. J. Biol. Macromol. 2018, 114, pp 733. 

32  Rusu, A. G.; Chiriac, A. P.; Nita, L. E.; Rosca, I.; Pinteala, M.; Mititelu-Tartau, L. Chitosan 

Derivatives in Macromolecular Co-Assembly Nanogels with Potential for Biomedical Applications. 

Biomacromolecules, 2020, 21 (10), pp 4231. 

33 

Chemical Structure of N, O-Acylated Chitosan Derivatives. Molecules ,2019, 24 (17), pp 3047. 

34 Adnan, S.; Ranjha, N. M.; Hanif, M.; Asghar, S. O-Carboxymethylated Chitosan: A Promising Tool 

with In Vivo Anti-Inflammatory and Analgesic Properties in Albino Rats. Int. J. Biol. Macromol. 2020, 

156, pp 531. 

35 Li, H.; Cheng, F.; Wei, X.; Yi, X.; Tang, S.; Wang, Z.; Zhang, Y. S.; He, J.; Huang, Y. Injectable, 

Self-Healing, Antibacterial, and Hemostatic N,O-Carboxymethyl Chitosan/Oxidized Chondroitin Sulfate 

Composite Hydrogel for Wound Dressing. Mater. Sci. Eng. C 2021, 118 pp 111324. 

36 Li, C.; Fang, K.; He, W.; Li, K.; Jiang, Y.; Li, J. Evaluation of Chitosan-Ferulic Acid Microcapsules for 

Sustained Drug Delivery: Synthesis, Characterizations, and Release Kinetics In Vitro. J. Mol. Struct. 

2021, 1227, pp 129353. 

37 Wang, Y.; Du, H.; Xie, M.; Ma, G.; Yang, W.; Hu, Q.; Pei, F. Characterization of the Physical 

Properties and Biological Activity of Chitosan Films Grafted with Gallic Acid and Caffeic Acid: A 

Comparison Study. Food Packag. Shelf Life 2019, 22, pp 100401. 

38Luo, Q.; Han, Q.; Wang, Y.; Zhang, H.; Fei, Z.; Wang, Y. The Thiolated Chitosan: Synthesis, Gelling 

and Antibacterial Capability. Int. J. Biol. Macromol. 2019, 139, pp 521. 

39 Dimassi, S.; Tabary, N.; Chai, F.; Blanchemain, N.; Martel, B. Sulfonated and Sulfated Chitosan 

Derivatives for Biomedical Applications: A Review. Carbohydr. Polym. 2018, 202, pp 382. 

40  Feher, J. Calcium and Phosphorus Homeostasis I: The Calcitropic Hormones. In Quantitative 

Human Physiology, 2nd ed.; Feher, J., Ed.; Academic Press, 2017; pp 924. 

41 Negm, N. A.; Hefni, H. H. H.; Abd-Elaal, A. A. A.; Badr, E. A.; Abou Kana, M. T. H. Advancement on 

Modification of Chitosan Biopolymer and Its Potential Applications. Int. J. Biol. Macromol. 2020, 152, 

pp 681. 

42

 

43 Wang, K.; Liu, Q. Chemical Structure Analyses of Phosphorylated Chitosan. Carbohydr. Res. 2014, 

386, pp 48. 

44  Laffargue, T.; Moulis, C.; Remaud-Siméon, M. Phosphorylated Polysaccharides: Applications, 

Natural Abundance, and New-to-Nature Structures Generated by Chemical and Enzymatic 

Functionalisation. Biotechnol. Adv. 2023, 65, pp 108140. 

 



 
 

 
45  Lunkov, A. P.; Zubareva, A. A.; Varlamov, V. P.; Nechaeva, A. M.; Drozd, N. N. Chemical 

Modification of Chitosan for Developing of New Hemostatic Materials: A Review. Int. J. Biol. Macromol. 

2023, 253 (Part 8), pp 127608. 

46  Zaiki, Y.; Iskandar, A.; Wong, T. W. Functionalized Chitosan for Cancer Nano Drug Delivery. 

Biotechnol. Adv. 2023, 67, pp 108200. 

47 Subhapradha, N.; Ramasamy, P.; Sudharsan, S.; Seedevi, P.; Moovendhan, M.; Srinivasan, A.; 

Shanmugam, V.; Shanmugam, A. Preparation of Phosphorylated Chitosan from Gladius of the Squid 

Sepioteuthis lessoniana (Lesson, 1830) and Its In Vitro Antioxidant Activity. Bioact. Carbohydr. Diet. 

Fibre 2013, 1 (2), pp 148. 

48 Xie, W.; Xu, P.; Liu, Q. Antioxidant Activity of Water-Soluble Chitosan Derivatives. Bioorg. Med. 

Chem. Lett. 2001, 11 (13), pp 1699. 

49 Cao, Y.-Y.; Ji, Y.-H.; Liao, A.-M.; Huang, J.-H.; Thakur, K.; Li, X.-L.; Hu, F.; Zhang, J.-G.; Wei, Z.-J. 

Effects of Sulfated, Phosphorylated and Carboxymethylated Modifications on the Antioxidant Activities 

In Vitro of Polysaccharides Sequentially Extracted from Amana edulis. Int. J. Biol. Macromol. 2020, 

146, pp 887. 

50  Morsy, A. M. A. Adsorptive Removal of Uranium Ions from Liquid Waste Solutions by 

Phosphorylated Chitosan. Environ. Technol. Innov. 2015, 4, pp 299. 

51  Huang, Y.; Hu, C.; An, Y.; Xiong, Z.; Hu, X.; Zhang, G.; Zheng, H. Magnetic Phosphorylated 

Chitosan Composite as a Novel Adsorbent for Highly Effective and Selective Capture of Lead from 

Aqueous Solution. J. Hazard. Mater. 2021, 405, p p 124195. 

52 Subramaniam, S.; Foo, K. Y.; Md Yusof, E. N.; Jawad, A. H.; Wilson, L. D.; Sabar, S. Hydrothermal 

Synthesis of Phosphorylated Chitosan and Its Adsorption Performance towards Acid Red 88 Dye. Int. 

J. Biol. Macromol. 2021, 193 (Part B), pp 1716. 

53

-  

54

 

55

 

56 -

 

57 Brugnerotto, J.; Lizardi, J.; Goycoolea, F. M.; Argüelles-Monal, W.; Desbrières, J.; Rinaudo, M. An 

infrared investigation in relation with chitin and chitosan characterization, Polymer 2001, 42, pp 3569. 

58  Mihalopoulos, N.; Barnes, I.; Becker, K. H., Infrared Absorption spectra and integrated band 

intensities for gaseous methanesulphonic acid (MSA), Atmos. Environ. 1992, 26A, pp 807. 

59

 

 



 
 

 
60

 

61

 

62 Sorlier, P.; Viton, C.; Domard, A. Relation between Solution Properties and Degree of Acetylation of 

Chitosan: Role of Aging. Biomacromolecules 2002, 3, pp 1336. 

63 Pillai, C. K. S.; Paul, W.; Sharma, C. P. Chitin and Chitosan Polymers: Chemistry, Solubility and 

Fiber Formation. Prog. Polym. Sci. 2009, 34 (7), pp 641. 

64  Sacco, P.; Paoletti, S.; Cok, M.; Asaro, F.; Abrami, M.; Grassi, M.; Donati, I. Insight into the 

Ionotropic Gelation of Chitosan Using Tripolyphosphate and Pyrophosphate as Cross-Linkers. Int. J. 

Biol. Macromol. 2016, 92, pp 476. 

65

 

66 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 (2), pp 487. 

67 Resmi, R.; Yoonus, J.; Beena, B. Anticancer and Antibacterial Activity of Chitosan Extracted from 

Shrimp Shell Waste. Mater. Today Proc. 2021, 41 (Part 3), pp 570. 

68 Ai, H.; Wang, F.; Xia, Y.; Chen, X.; Lei, C. Antioxidant, Antifungal and Antiviral Activities of Chitosan 

from the Larvae of Housefly, Musca domestica L. Food Chem. 2012, 132 (1), pp 493. 

69 Dai, S.; Ravi, P.; Tam, K. C. pH-Responsive Polymers: Synthesis, Properties and Applications. Soft 

Matter 2008, 4, pp 435. 

70

 

71

 

72  Reddy, N.; Reddy, R.; Jiang, Q. Crosslinking Biopolymers for Biomedical Applications. Trends 

Biotechnol. 2015, 33, pp 362. 

73 Pita-López, M. L.; Fletes-Vargas, G.; Espinosa-Andrews, H.; Rodríguez-Rodríguez, R. Physically 

Cross-Linked Chitosan-Based Hydrogels for Tissue Engineering Applications: A State-of-the-Art 

Review. Eur. Polym. J. 2021, pp 145. 

74 Saeedi, M.; Vahidi, O.; Moghbeli, M. R.; Ahmadi, S.; Asadnia, M.; Akhavan, O.; Seidi, F.; Rabiee, 

M.; Saeb, M. R.; Webster, T. J.; Varma, R. S.; Sharifi, E.; Zarrabi, A.; Rabiee, N. Customizing Nano-

Chitosan for Sustainable Drug Delivery. J. Controlled Release 2022, 350, pp 175. 

75 Monteiro, O. A. C.; Airoldi, C. Some Studies of Crosslinking Chitosan Glutaraldehyde Interaction in 

a Homogeneous System. Int. J. Biol. Macromol. 1999, 26 (2-3), pp 119. 

76 El Kaim Billah, R.; Aminul Islam, M.; Nazal, M. K.; Bahsis, L.; Soufiane, A.; Abdellaoui, Y.; Achak, M. 

A Novel Glutaraldehyde Cross-Linked Chitosan@Acid-Activated Bentonite Composite for Effective 

 



 
 

 
Pb(II) and Cr(VI) Adsorption: Experimental and Theoretical Studies. Sep. Purif. Technol. 2024. 334, 

(14), pp 126094. 

77 Herdiana, Y.; Wathoni, N.; Shamsuddin, S.; Muchtaridi, M. Drug Release Study of the Chitosan-

Based Nanoparticles. Heliyon 2022, 8 (1) pp e08674. 

78 Chacón-Cerdas, R.; Medaglia-Mata, A.; Flores-Mora, D.; Starbird-Pérez, R. Synthesis of Chitosan, 

Pectin, and Chitosan/Pectin Microspheres by Two Water-in-Oil Emulsion Crosslinking Methods. 

Chem. Pap. 2020, 74, pp 509. 

79  Andriani, Y.; Grasianto; Siswanta; Mudasir. Glutaraldehyde-Crosslinked Chitosan-Pectin 

Nanoparticles as a Potential Carrier for Curcumin Delivery and Its In Vitro Release Study. Int. J. Drug 

Deliv. 2015, 7, pp 167. 

80 Takigawa, T.; Endo, Y. Effects of Glutaraldehyde Exposure on Human Health. J. Occup. Health 

2006, 48, pp 75. 

81 Hu, C.; Lu, W.; Mata, A.; Nishinari, K.; Fang, Y. Ions-Induced Gelation of Alginate: Mechanisms and 

Applications. Int. J. Biol. Macromol. 2021, 177, pp 578. 

82 Valderruten, N. E.; Valverde, J. D.; Zuluaga, F.; Ruiz-Durántez, E. Synthesis and Characterization of 

Chitosan Hydrogels Cross-Linked with Dicarboxylic Acids. Reactive Funct. Polym. 2014, 84, pp 21. 

83  Suwattanachai, P.; Pimkhaokham, A.; Chirachanchai, S. Multi-Functional Carboxylic Acids for 

Chitosan Scaffold. Int. J. Biol. Macromol. 2019, 134, pp 156. 

84 Naskar, S.; Sharma, S.; Kuotsu, K. Chitosan-Based Nanoparticles: An Overview of Biomedical 

Applications and Its Preparation. J. Drug Deliv. Sci. Technol. 2019, 49, pp 66. 

85 Jantwal, A.; Durgapal, S.; Upadhyay, J.; Joshi, T.; Kumar, A. Chapter 4.17 - Tartaric Acid. In 

Antioxidants Effects in Health; Nabavi, S. M., Sanches Silva, A., Eds.; Elsevier 2022; pp 485. 

86  Kousar, M.; Salma, U.; Khan, T.; Shah, A. J. Antihypertensive Potential of Tartaric Acid and 

Exploration of Underlying Mechanistic Pathways. Dose-Response 2022, 20, (4). 

87  Wang, J.; Zhuang, S. Chitosan-Based Materials: Preparation, Modification and Application. J. 

Cleaner Prod. 2022, pp 355. 

88 Giri, T. K. Chapter 20 - Alginate Containing Nanoarchitectonics for Improved Cancer Therapy. In 

Nanoarchitectonics for Smart Delivery and Drug Targeting; Holban, A. M., Grumezescu, A. M., Eds.; 

William Andrew Publishing 2016; pp 565. 

89 Chellathurai, M. S.; Yong, C. L.; Sofian, Z. M.; Sahudin, S.; Hasim, N. B. M.; Mahmood, S. Self-

Assembled Chitosan-Insulin Oral Nanoparticles  A Critical Perspective Review. Int. J. Biol. 

Macromol. 2023, pp 243. 

90 - - -

 

91  El-Sherbiny, I. M.; Yacoub, M. H. Hydrogel Scaffolds for Tissue Engineering: Progress and 

Challenges. Global Cardiol. Sci. Pract. 2013, pp 316. 

92 Reddy, M. S. B.; Ponnamma, D.; Choudhary, R.; Sadasivuni, K. K. A Comparative Review of 

Natural and Synthetic Biopolymer Composite Scaffolds. Polymers 2021, 13, (7), pp 1105. 

 



 
 

 
93 Deville, S.; Saiz, E.; Nalla, R. K.; Tomsia, A. P. Freezing as a Path to Build Complex Composites. 

Science 2006, 311, pp 515. 

94 Fereshteh, Z. Freeze-Drying Technologies for 3D Scaffold Engineering. In Functional 3D Tissue 

Engineering Scaffolds; Deng, Y., Kuiper, J., Eds.; Woodhead Publishing: 2018; pp 151. 

95 - -

 

96 Aldridge 3rd, J. M.; Urbaniak, J. R. Avascular Necrosis of the Femoral Head: Role of Vascularized 

Bone Grafts. Orthop. Clin. North Am. 2007, 38 (1), pp 13. 

97 https://sdbs.db.aist.go.jp/sdbs/cgi-bin/landingpage?sdbsno=1071, acessado em 07/03/24. 

98 Crobu, M.; Rossi, A.; Mangolini, F.; Spencer, N. D. Chain-length-Identification Strategy in Zinc 

Polyphosphate Glasses by Means of XPS and ToF-SIMS. Anal. Bioanal. Chem. 2012, 403, pp 1415. 

99 Amaral, I. F. Granja p. L., Barbosa M. A., Chemical modification of chitosan by phosphorylation: an 

XPS, FT-IR and SEM study, Journal of Biomaterials Science, Polymer Edition, 2005, 16, (12), pp 1575 

100 Gholap, A. D.; Rojekar, S.; Kapare, H. S.; Vishwakarma, N.; Raikwar, S.; Garkal, A.; Mehta, T. A.; 

Jadhav, H.; Prajapati, M. K.; Annapure, U. Chitosan Scaffolds: Expanding Horizons in Biomedical 

Applications. Carbohydr. Polym. 2024, 323, pp 121394. 

101 Duval, K.; Grover, H.; Han, L. H.; Mou, Y.; Pegoraro, A. F.; Fredberg, J.; Chen, Z. Modeling 

Physiological Events in 2D vs. 3D Cell Culture. Physiology 2017, 32 (4), 266. 

102 Armiento, A. R.; Hatt, L. P.; Sanchez Rosenberg, G.; Thompson, K.; Stoddart, M. J. Functional 

Biomaterials for Bone Regeneration: A Lesson in Complex Biology. Adv. Funct. Mater. 2020, 30 (44), 

pp 1909874. 

103  Barrère, F.; Mahmood, T. A.; de Groot, K.; van Blitterswijk, C. A. Advanced Biomaterials for 

Skeletal Tissue Regeneration: Instructive and Smart Functions. Mater. Sci. Eng. R: Reports 2008, 59 

(1-6), pp 38. 

104 Komeri, R.; Kasoju, N.; Anil Kumar, P. R. In Vitro Cytotoxicity and Cytocompatibility Assays for 

Biomaterial Testing Under Regulatory Platform. In Biomedical Product and Materials Evaluation; 

Mohanan, P. V., Ed.; Woodhead Publishing: 2022; pp 329. 

105 da Costa, T. S.; da Silva, M. R.; Barbosa, J. C. J.; Das Neves, U. S.; de Jesus, M. B.; Tasic, L. 

Biogenic Silver Nanoparticles' Antibacterial Activity and Cytotoxicity on Human Hepatocarcinoma Cells 

(Huh-7). RSC Adv. 2024, 14, pp 2192. 

106 Miles, F. L.; Lynch, J. E.; Sikes, R. A. Cell-Based Assays Using Calcein Acetoxymethyl Ester Show 

Variation in Fluorescence with Treatment Conditions. J. Biomed. Mat. 2015, 2 (3), pp 1. 

107 Crowley, L. C.; Scott, A. P.; Marfell, B. J.; Boughaba, J. A.; Chojnowski, G.; Waterhouse, N. J. 

Measuring Cell Death by Propidium Iodide Uptake and Flow Cytometry. Cold Spring Harb. Protoc. 

2016, 2016 (7), pp 647. 

108 Cortés-Sánchez, J. L.; Melnik, D.; Sandt, V.; Kahlert, S.; Marchal, S.; Johnson, I. R. D.; Calvaruso, 

M.; Liemersdorf, C.; Wuest, S. L.; Grimm, D.; et al. Fluid and Bubble Flow Detach Adherent Cancer 

Cells to Form Spheroids on a Random Positioning Machine. Cells 2023, 12, pp 2665. 


