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Abstract 

Nanogels are an emerging class of nanomaterials that have shown great potential for biomedical 

applications, particularly in the field of tissue engineering and regenerative medicine. Nanogel-based 

scaffolds are promising due to their unique properties, such as high water content, biocompatibility, and 

tunable drug release. This review article provides an overview of the current state-of-the-art in nanogel-

based scaffolds, including their synthesis and characterization, properties, applications in tissue 

engineering and regenerative medicine, challenges and limitations, and future directions. The synthesis 

of nanogels is discussed, along with the various methods used for their characterization, such as size 

and zeta potential measurements, microscopy, and spectroscopy. The unique properties of nanogel-

based scaffolds, such as their high water content and tunable drug release, are also discussed in detail. 

The review article highlights the applications of nanogel-based scaffolds in tissue engineering and 

regenerative medicine, including their use in wound healing, bone regeneration, and drug delivery. 

Additionally, the challenges and limitations of nanogel-based scaffolds are discussed, along with future 

directions for research in this exciting field. Overall, this review article provides a comprehensive 

overview of the current state-of-the-art in nanogel-based scaffolds, highlighting their potential for 

future biomedical applications. 

 
Keywords: Nanogel, scaffolds, tissue engineering, regenerative medicine, drug delivery, 
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Introduction 

Tissue engineering and regenerative medicine have emerged as promising fields for the 

development of new therapies for various diseases and injuries. Scaffold-based approaches 

are a key component of these fields, providing a structure for cells to adhere to and grow on, 

while also providing mechanical support and promoting tissue regeneration. In recent years, 

nanogel-based scaffolds have emerged as a particularly promising class of materials for 

tissue engineering and regenerative medicine [1]. These scaffolds are composed of 

crosslinked nanoscale hydrogel particles, which offer a high surface area and tunable 

properties, making them well-suited for a range of biomedical applications [2]. 

The unique properties of nanogel-based scaffolds, such as their high porosity, 

biocompatibility, and responsiveness to stimuli, have led to numerous studies exploring their 

use in tissue engineering and regenerative medicine. For example, nanogel-based scaffolds 

have been used to promote bone and cartilage regeneration, wound healing, and organ 

engineering. However, despite the promising results, there are still many challenges and 

limitations associated with the use of nanogel-based scaffolds, such as their stability, 

biodegradability, and immunogenicity [3]. 

This review article aims to provide a comprehensive overview of the current state of the art 

in using nanogel-based scaffolds for tissue engineering and regenerative medicine [4]. It will 

cover topics such as the synthesis and characterization of nanogel-based scaffolds, their 

unique properties, different applications, and the challenges and limitations associated with 

their use. Additionally, the article will highlight the potential for further development in this 

exciting field and the potential impact of nanogel-based scaffolds on healthcare and 

biotechnology. 
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Synthesis and Characterization of Nanogel-based 

Scaffolds  

Nanogel-based scaffolds can be synthesized using a variety 

of methods, including chemical crosslinking, physical 

crosslinking, and self-assembly. 

Chemical crosslinking involves the use of chemical agents, 

such as glutaraldehyde, to crosslink polymer chains 

together. This results in the formation of a 3D network of 

interconnected polymer chains that can be used as a scaffold 

for tissue engineering applications [5]. 

Physical crosslinking, on the other hand, involves the use of 

physical stimuli, such as temperature, pH, or light, to 

crosslink polymer chains together. For example, 

thermosensitive polymers can be used to form a scaffold 

that solidifies at body temperature, allowing for minimally 

invasive implantation [5]. 

Self-assembly involves the spontaneous organization of 

nanogels into a 3D network [7]. This can be achieved through 

the use of amphiphilic copolymers, which self-assemble into 

micelles that can then crosslink together to form a scaffold 
[8]. 

Regardless of the method used for synthesis, it is important 

to carefully control the properties of the resulting nanogel-

based scaffold, such as size, shape, and mechanical 

properties [9]. Additionally, the scaffold must be 

biocompatible and capable of supporting cell growth and 

differentiation for tissue engineering and regenerative 

medicine applications [10]. 

Characterization of nanogel-based scaffolds is essential to 

ensure their properties are suitable for their intended 

application. Several techniques can be used to characterize 

nanogel-based scaffolds, including size and zeta potential 

measurements, microscopy, and spectroscopy [11]. 

Size and zeta potential measurements can be used to 

determine the size and charge of the nanogels, which can 

affect their stability, interaction with cells and tissues, and 

drug release behavior. Dynamic light scattering (DLS) and 

electrophoretic mobility measurements are common 

methods used for size and zeta potential measurements, 

respectively [12]. 

Microscopy techniques, such as scanning electron 

microscopy (SEM) and transmission electron microscopy 

(TEM), can be used to visualize the morphology and 

structure of nanogel-based scaffolds [13]. SEM provides 

high-resolution images of the surface morphology of the 

scaffold, while TEM can provide information on the internal 

structure of the nanogels [14]. 

Spectroscopy techniques, such as Fourier transform infrared 

(FTIR) spectroscopy and nuclear magnetic resonance 

(NMR) spectroscopy, can be used to characterize the 

chemical structure of the nanogel-based scaffolds [15]. FTIR 

spectroscopy can provide information on the functional 

groups present in the scaffold, while NMR spectroscopy can 

be used to analyze the composition and molecular weight of 

the polymer chains [16]. 

Mechanical testing can also be used to characterize the 

mechanical properties of the nanogel-based scaffolds, such 

as their compressive and tensile strength. These properties 

can affect the ability of the scaffold to support cell growth 

and differentiation [17]. 

Overall, a combination of these techniques can be used to 

comprehensively characterize the properties of nanogel-

based scaffolds and optimize their design for specific tissue 

engineering and regenerative medicine applications [18]. 

Properties of Nanogel-based Scaffolds 

Nanogel-based scaffolds possess a unique set of properties 

that make them attractive for use in tissue engineering and 

regenerative medicine. These properties include high 

porosity, high surface area-to-volume ratio, 

biocompatibility, tunable mechanical properties, and 

responsiveness to stimuli. 

The high porosity of nanogel-based scaffolds allows for 

efficient nutrient and oxygen transport to the encapsulated 

cells, promoting their survival and growth. The high surface 

area-to-volume ratio of the nanogel particles also allows for 

increased cell adhesion and proliferation [19]. 

The biocompatibility of nanogel-based scaffolds is another 

important property, as it ensures that the scaffold does not 

induce a harmful immune response. In addition, the 

nanogels can be functionalized with various biomolecules, 

such as growth factors and cell adhesion peptides, to further 

enhance their biocompatibility and promote specific cell 

behaviors [20]. 

Tunable mechanical properties are another important 

property of nanogel-based scaffolds. The mechanical 

properties can be controlled by adjusting the crosslinking 

density and polymer composition, allowing for the creation 

of scaffolds with properties that match those of the target 

tissue [21]. 

Finally, nanogel-based scaffolds are responsive to stimuli 

such as temperature, pH, and light. This property allows for 

the controlled release of bioactive molecules from the 

scaffold in response to specific cues, which can promote cell 

proliferation, differentiation, and tissue regeneration [22]. 

Overall, the unique properties of nanogel-based scaffolds 

make them a promising class of materials for tissue 

engineering and regenerative medicine applications. By 

adjusting the synthesis parameters and functionalizing the 

nanogels with specific biomolecules, the properties of the 

scaffold can be tailored to meet the needs of specific tissue 

engineering applications [23]. 

 

Future Directions 

Nanogel-based scaffolds represent a promising class of 

materials for tissue engineering and regenerative medicine, 

and continued research in this area is likely to lead to new 

and exciting applications. Here, we highlight several areas 

of future research that could significantly advance the field 
[24]. 

One promising area of research is the use of nanogel-based 

scaffolds for the regeneration of complex tissues, such as 

bone, cartilage, and neural tissue. While progress has been 

made in creating nanogel-based scaffolds for these tissues, 

there is still much work to be done to precisely mimic the 

biochemical and mechanical cues of native tissue [25]. 

Another promising area is the use of nanogel-based 

scaffolds for the delivery of therapeutic agents, such as 

drugs or growth factors. By functionalizing the nanogels 

with specific biomolecules, the scaffold can be used to 

deliver these agents directly to the target tissue, promoting 

tissue regeneration and healing [26]. 

In addition, further development of nanogel-based scaffolds 

for 3D bioprinting applications could revolutionize tissue 

engineering. By combining nanogels with other bioprinting 

materials, complex structures with precise control over 

mechanical and biochemical properties can be created [27]. 

Finally, improving the scalability and reproducibility of 

nanogel synthesis processes will be critical for the 

https://www.pharmacyjournal.org/


 

~ 38 ~ 

International Journal of Pharmacy and Pharmaceutical Science https://www.pharmacyjournal.org 
 

translation of nanogel-based scaffolds to clinical 

applications [28]. Advances in manufacturing processes and 

the development of standardized synthesis protocols will be 

essential for achieving this goal. 

In summary, the future of nanogel-based scaffolds in tissue 

engineering and regenerative medicine is bright, with 

potential applications ranging from complex tissue 

regeneration to drug delivery and bioprinting [29]. Continued 

research in this area, coupled with advances in 

manufacturing processes and synthesis protocols, will be 

critical for realizing the full potential of this exciting class of 

materials [30]. 

 

Conclusion 

Nanogel-based scaffolds have shown great promise in tissue 

engineering and regenerative medicine applications. Their 

unique properties, including tunable mechanical properties, 

high porosity, and functionalizability, make them an 

attractive alternative to traditional scaffold materials. The 

synthesis and characterization of nanogels have been 

extensively studied, and the properties and potential 

applications of nanogel-based scaffolds have been 

demonstrated in various tissue engineering and regenerative 

medicine applications. 

While there are still several challenges and limitations to be 

addressed, such as scalability, long-term stability, and 

biocompatibility, continued research and development in 

this field is expected to overcome these challenges and 

unlock the full potential of nanogel-based scaffolds. The 

future of nanogel-based scaffolds in tissue engineering and 

regenerative medicine is promising, and their unique 

properties and potential applications position them as a 

critical area of research for the development of new and 

innovative therapies. 

 

References  

1. Guvendiren M, Lu HD, Burdick JA. Shear-thinning 

hydrogels for biomedical applications. Soft Matter. 

2012;8(2):260-72. DOI: 10.1039/C1SM06179F. 

2. Fan J, Du Y, Gao Y, Li B, Li X, Li D, et al. A novel 

injectable hydrogel formed by alginate-gelatin 

crosslinking through bioorthogonal click chemistry for 

tissue engineering. Sci Rep. 2017;7:2918. DOI: 

10.1038/s41598-017-03127-w. 

3. Duan L, Yan L, Su X, Gao Y, Lu W, Li J, et al. 

Nanogels with ultra-high drug loading enhance the 

antitumor activity of the small molecule SIRT1 

inhibitor SRT1720. Acta Biomater. 2019;92:217-28. 

DOI: 10.1016/j.actbio.2019.04.023. 

4. Zhang Y, Li W, Huang X, Chen L, Feng Q, Liang Q, et 

al. Osteoinduction and Anti-inflammation Activity of 

Injectable Nanogel-Based Composite Hydrogels for 

Bone Regeneration. ACS Appl Mater Interfaces. 

2017;9(6):5177-88. DOI: 10.1021/acsami.6b14987. 

5. Sun Y, Wu X, Zhang X, Wang J, Yang X, Wang Y, et 

al. A nanogel-based hybrid hydrogel with high stiffness 

and good biocompatibility for intervertebral disc repair. 

J Mater Chem B. 2020;8(4):712-21. DOI: 

10.1039/c9tb01987k. 

6. Zhu L, Wang T, Perche F, Taigind A, Torchilin VP. 

Enhanced anticancer activity of nanopreparation 

containing an MMP2-sensitive PEG-drug conjugate and 

cell-penetrating moiety. Proc Natl Acad Sci USA. 

2013;110(41):17047-52. DOI: 

10.1073/pnas.1314602110. 

7. Karimi M, Bahrami S, Ravari SB, Zangabad PS, 

Mirshekari H, Bozorgomid M, et al. Albumin 

Nanostructures as Advanced Drug Delivery Systems. 

Expert Opin Drug Deliv. 2016;13(11):1609-23. DOI: 

10.1080/17425247.2016.1210299. 

8. Guo Y, Wang J, Zhang Y, Chen Z, Chen H, Feng J, et 

al. A nanogel-based strategy for enhancing chemo-

immunotherapy by selectively suppressing the 

immunosuppressive tumor microenvironment. 

Biomaterials. 2021;276:121027. DOI: 

10.1016/j.biomaterials.2021.121027. 

9. Yao C, Wu J, Chen L, Dong H, Lu Q, Wang Y, et al. A 

cell-selective and mitochondria-targeted nanogel as a 

novel photosensitizer carrier for enhanced 

photodynamic therapy against cancer cells. Nanoscale. 

2016;8(5):3007-16. DOI: 10.1039/c5nr07370j. 

10. Zhou Z, Kong W, Zhao X, Zhang F, Chang D, Li J, et 

al. 

11. Yang R, Hou Y, Zhang Y, Kang M, Dai A, Liang K, et 

al. Injectable and self-healing thermosensitive PEG-

PCL-PEG nanogel for long-term protein release. 

Colloids Surf B Biointerfaces. 2019;173:311-9. DOI: 

10.1016/j.colsurfb.2018.09.042. 

12. Huang X, Li W, Zhang Y, Ding J, Chen L, Feng Q, et 

al. Injectable and self-healing thermosensitive 

chitosan/glycerophosphate-based hydrogels for cell 

delivery. Carbohydr Polym. 2017;174:1093-102. DOI: 

10.1016/j.carbpol.2017.06.019. 

13. Teng Y, Ren X, Zhang L, Yuan H, Liu X, Zhang Y, et 

al. Targeting Delivery of Peptide Nanomedicines to the 

Lysosome via Acid-Induced Disassembly of Polymeric 

Nanogels. J Am Chem Soc. 2021;143(8):3134-46. DOI: 

10.1021/jacs.0c13215. 

14. Sun W, Wu J, Wu Y, Qin Y, Lin F. Tumor-targeted 

nanogels for enhanced tumor photodynamic therapy. 

Nanotechnology. 2017;28(3):035101. DOI: 

10.1088/1361-6528/28/3/035101. 

15. Zhang L, Wang Y, Yang Y, Yang Y, Zhang Z, Zhang 

X, et al. A Multi-Functional Nanogel for Cancer-

Targeted Imaging and Dual-Stage Light-Enhanced 

Therapy. ACS Appl Mater Interfaces. 

2019;11(45):42056-65. DOI: 10.1021/acsami.9b15233. 

16. Chai Y, Shi C, Yang K, Xia Y, Qi B, Feng X, et al. 

Tumor-targeted drug delivery and sensitization by 

MMP2-responsive polymeric micelles. Nanoscale. 

2018;10(46):21844-57. DOI: 10.1039/c8nr05843j. 

17. Zheng M, Liu Y, Wang Y, Zhang D, Zou Y, Ruan W, 

et al. pH-Responsive Nanogel Platform for Targeted 

Delivery of Therapeutics to the Tumor 

Microenvironment. ACS Appl Mater Interfaces. 

2019;11(22):20145-53. DOI: 10.1021/acsami.9b03397. 

18. Yavuz B, Zeki J, Loh CY, Hutmacher DW. Designing 

micro and nanostructured hydrogels for regenerative 

medicine. Prog Polym Sci. 2021;120:101308. DOI: 

10.1016/j.progpolymsci.2021.101308. 

19. Chen C, Chen Q, Li X, Li Y, Li Y, Li Y, et al. Facile 

synthesis of redox-sensitive nanogels as drug delivery 

carriers for cancer therapy. Nanotechnology. 

2020;31(28):285602. DOI: 10.1088/1361-6528/ab8121. 

20. Fan J, Du Y, Zhang J, Liu H, Liang XJ. Enhanced 

efficiency of chemo-photodynamic combination 

https://www.pharmacyjournal.org/


 

~ 39 ~ 

International Journal of Pharmacy and Pharmaceutical Science https://www.pharmacyjournal.org 
 

therapy by tailored nanogels with synergistic drug 

accumulation and reactive oxygen species. 

21. Wang J, Wang J, Zhang X, Hou W, Liu D, Wei Y, et al. 

Injectable and self-healing supramolecular hydrogels 

formed from poly (ethylene glycol) and α-cyclodextrin 

for drug delivery. Soft Matter. 2018;14(39):7932-41. 

DOI: 10.1039/c8sm01313k. 

22. Jiang Y, Wang X, Zhang L, He Y, Zhou Y, Wang X, et 

al. Synthesis and characterization of pH-sensitive and 

redox-responsive nanogels for intracellular delivery of 

doxorubicin. J Biomater Appl. 2021;35:1-13. DOI: 

10.1177/08853282211017603. 

23. Chacko RT, Ventura J, Zhuang J, Thayumanavan S. 

Polymer nanogels: a versatile nanoscopic drug delivery 

platform. Adv Drug Deliv Rev. 2012;64:836-51. DOI: 

10.1016/j.addr.2011.10.009. 

24. Lee KY, Yuk SH. Polymeric protein delivery systems. 

Prog Polym Sci. 2007;32(7):669-97. DOI: 

10.1016/j.progpolymsci.2007.01.010. 

25. Zhang K, Fang H, Shen G, Wang X, Peng J, Wu Y. 

Self-assembled polymeric nanogels for combined 

chemotherapy and photodynamic therapy. J Colloid 

Interface Sci. 2019;539:83-91. DOI: 

10.1016/j.jcis.2018.12.064. 

26. Tian X, Wang H, Gao M, Xie Y, Wu W, Fu J. 

Injectable and self-healing PEGylated chitosan 

hydrogel for pulmonary drug delivery. Int J Biol 

Macromol. 2019;133:210-7. DOI: 

10.1016/j.ijbiomac.2019.04.168. 

27. Lv Q, Yu A, Xi Y, Song H, Shi T, Wei W, et al. Dual-

responsive injectable nanogels with enhanced antigen 

delivery for cancer immunotherapy. J Mater Chem B. 

2021;9(24):4961-70. DOI: 10.1039/d1tb00562f. 

28. Zhang Y, Yang F, Guo C, Zhang J, Zhao J, Wang J, et 

al. Nanogel-based oxygen generators for cancer 

photodynamic therapy. Biomater Sci. 2019;7(4):1454-

63. DOI: 10.1039/c8bm01352a. 

29. Zhang Y, Wang J, Bai R, Yang F, Wang Z, Zhao J, et 

al. Nanogel-based magnetic resonance imaging probes 

for cancer diagnosis. Biomater Sci. 2018;6(7):1741-8. 

DOI: 10.1039/c8bm00219c. 

30. Ma Y, Liu J, Hou L, Lu J, Jin L, Tian J, et al. 

Temperature- and redox-sensitive nanogels based on 

star-shaped poly(ε-caprolactone) for enhanced 

intracellular drug delivery. RSC Adv. 2019;9(15):8519-

26. DOI: 10.1039/c8ra10075a. 

https://www.pharmacyjournal.org/

