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Abstract 

Nanogels are chemically or physically crosslinked three-dimensional hydrophilic polymer networks. Due to their 

relatively high drug encapsulation capacities, large surface areas, homogeneity, adjustable sizes, ease of 

preparation, minimal toxicity, and stability, they are promising and innovative materials for next-generation drug 

delivery systems. They can be prepared with natural or synthetic polymers, and polysaccharides are attractive and 

promising biomaterials for nanogel preparation due to their abundance in nature and low cost. Their ability to be 

prepared in response to environmental stimuli, such as temperature, pH, ionic strength, electric, and magnetic 

fields, significantly enhances their potential. Moreover, these nanogels have potential as nanomaterials for 

various biomedical applications, including cancer treatment, anti-inflammatory therapy, drug delivery systems, 

biological imaging, detection of bioactive small molecules, cell behavior analysis, three-dimensional cell culture, 

bone tissue regeneration, wound /healing, and more. This review provides a brief overview of nanogels in 

general, nanogel synthesis, release mechanism, polysaccharide-based nanogels and their development in potential 

application areas. 
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Introduction  

Nanoscience studies the unique properties of materials in the range of 1-100 nm, while 

nanotechnology enables the production of nanomaterials that can improve treatment processes by 

offering safer and smarter products in the healthcare sector, utilizing these properties (1). In 

recent years, one of these nanomaterials, nanogels, has emerged as a promising innovative drug 

delivery system. Their high drug encapsulation capacities, adjustable sizes, ease of preparation, 

minimal toxicity, and sensitivity to external stimuli make them a potential tool for a wide range 

of applications (2,3). The careful selection of polymers during the preparation of these nanogels 

and the resulting architectural versatility allow them to encapsulate and deliver a wide range of 

hydrophilic and lipophilic molecules, from inorganic compounds to biomolecules such as amino 

acids, proteins, and nucleic acids (DNA, RNA) without compromising their gel-like behavior (4). 

The selected polymers can be natural, semi-synthetic, or synthetic, and nanogels can be formed 

through the crosslinking of polymer chains (5). Natural polymers are generally non-toxic, 

biocompatible, and biodegradable. Polysaccharides are commonly used natural polymers in 

nanogel synthesis due to their reactive functional groups. Furthermore, because they can be 

degraded by bacterial enzymes, they appear to be promising polymers for the preparation of 

nanoscale drug delivery systems (6). Therefore, nanogels prepared from polysaccharides, a 
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natural polymer, have become an important nanocarrier for the delivery of a wide variety of 

molecular and macromolecular therapeutics since their discovery (7,8). 

Several strategies have been proposed to adjust the physical, chemical, and mechanical 

properties of polysaccharide-based nanogels, and new production methods and application areas 

have become the focus of various studies. The aim of this review is to examine current research 

on polysaccharide-based nanogels and provide an overview of their potential applications. 

Nanogels 

Nanogels are crosslinked polymer networks that swell in a suitable solvent (Figure 1). They are 

typically characterized by a spherical shape, but depending on the production methods, other 

shapes are also possible (4). These structures, in addition to their water absorption capacities, 

possess properties such as high surface area, adjustable sizes, rapid and controlled water uptake, 

high biocompatibility, and flexibility (9). Due to their adaptability, their physicochemical 

properties can be finely controlled, which significantly alters the effects exhibited by the 

nanogels (10). For example, the size-dependent effects of nanogels primarily stem from the 

increased surface area-to-volume ratio as the particle size decreases. A larger surface area means 

more exposed atoms or molecules, which results in enhanced surface reactivity (11). While size 

is an important factor, it is also important to note that other parameters, such as shape, 

composition, and surface chemistry, can influence the physical and chemical properties of 

nanogels. 

 

Figure 1. Schematic representation of the swelling of the nanogel network in a solvent. 

Another key feature that represents a turning point in nanogel design is their sensitivity to 

external environmental factors such as pH, ionic strength, enzymes, and temperature. These 

structures, which can change their physical and chemical properties in response to environmental 

factors, have significant applications in sensors, drug delivery systems, tissue engineering, and 

biomedical engineering (12). They can trigger drug release in specific areas of the body, making 
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treatment processes more effective and targeted. Therefore, externally responsive nanogels are 

particularly of interest in bioactive agent/drug delivery applications.  

Nanogels can be synthesized using natural or synthetic polymers through chemical or physical 

crosslinking (5). Commonly used natural polymers for nanogel synthesis include dextran, 

chitosan, heparin, hyaluronic acid, and alginate, while synthetic polymers include poly(methyl 

methacrylate), poly(D,L-lactic acid), poly(glycolic acid), poly(D,L-lactic-co-glycolic acid), and 

poly(ε-caprolactone) (13). The high liquid absorption capacity of nanogels is related to the 

presence of hydrophilic functional groups in the polymer structures, such as –OH, –CONH–, –

CONH2–, and –SO3H (3). The diversity of polymer systems and the simple modification of their 

physicochemical properties help overcome the limitations encountered in transporting agents 

with low solubility and stability, facilitating the preparation of multifunctional nanogel systems 

(14,15). 

Nanogel Synthesis Methods 

There has been significant interest in developing easy, fast, and effective strategies for the 

preparation of nanogels. Nanogels can be synthesized by simultaneously performing 

polymerization and crosslinking processes. Since most of the monomers and crosslinking agents 

used in the preparation of these nanogels are water-soluble, polymerization reactions are 

typically conducted in an aqueous environment. Alternatively, these processes can be performed 

separately: first, the polymers are formed, and then crosslinking can occur between the polymer 

molecular chains to produce the nanogels. This method is particularly suitable for preparing 

nanogels based on natural polymers (16). 

Nanogels can be synthesized through various methods, including emulsion polymerization, 

nanoprecipitation, emulsion-solvent evaporation, radical polymerization, and photo-induced 

crosslinking (4). Traditionally, the synthesized nanogels are classified into physical or chemical 

crosslinked nanogels based on the type of crosslinking (17). Chemical crosslinking results in the 

formation of intermolecular or intramolecular covalent bonds within the nanogels (18). 

Crosslinkers such as diepoxy compounds, genipin, glutaraldehyde or diphenylphosphoryl 

chloride are used to establish covalent bonds between polymers.  In nanogels, these bonds are 

usually strong and permanent, which increases the stability of the structures. They are formed by 

incorporating reactive functional groups into low molecular weight monomers or 

macromolecular precursors, allowing the structure and properties of the gel particles to be tuned. 

Nanogels formed through chemical cross-linking have colloidal stability under in vivo 

conditions, which is necessary for the controlled release of drugs induced by undesirable 

dissociation of the gel network (19). In contrast, physically crosslinked nanogels are formed by 

relatively weak interactions such as hydrogen bonding, electrostatic, hydrophobic, or ionic 

interactions and are less stable than chemically crosslinked nanogels (3). This stability is 

influenced by factors such as the size of the particles, the nature of the polymer matrix and its 

chemical composition, and the type of crosslinking used for the polymer chains. 

Nanogels exhibit significant swelling capacity in aqueous environments. The key point that 

prevents dissolution and maintains structural integrity is the crosslinkers, which form a network 

structure by linking polymer chains together (20). With a higher concentration of crosslinkers, 
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gels tend to have shorter polymer chains and show less swelling in the same solvent (21). 

Nanogels swell by absorbing the solvent, and due to the crosslinked polymeric network structure, 

they do not dissolve and retain their structural integrity (22). Their inability to dissolve ensures 

the mechanical stability of nanogels, thereby enhancing the long-term effectiveness of drug 

delivery systems. 

Important factors to consider in the synthesis of nanogels include colloidal stability, increased 

loading capacity, enhanced surface area, biodegradability, biocompatibility, and the release of 

therapeutic agents. The desired properties and the intended application influence the selection of 

the synthesis approach for nanogels. 

Release Mechanisms of Nanogels   

Nanogels play a significant role as delivery systems due to their water solubility, 

biocompatibility, biodegradability, as well as their encapsulation stability and smart release 

properties (23). The release of biomolecules or small molecules depends on the properties of the 

polymers used in the preparation of the nanogels. Typically, hydrophobic biomolecules, which 

are unstable and difficult to deliver, can be placed in the porous networks of nanogels to improve 

their stability, circulation, and therapeutic efficacy. The network size of the nanogel matrix plays 

an important role in sustaining the release, which can occur either through simple diffusion from 

the matrix system or via external stimuli. The basic release mechanisms of biological agents 

include diffusion, erosion of nanogel matrices, changes in surrounding pH, displacement with 

counterions in the environment, and release mechanisms triggered by external stimuli such as 

magnetic fields, temparature and light (24). Under these stimuli, nanogels undergo 

physicochemical changes such as swelling, contraction, polymer chain degradation, and 

dissociation, leading to drug release. Physical degradation involves the swelling and shrinking of 

polymers that are sensitive to environmental conditions, while chemical degradation leads to the 

breakdown of the nanogel structure through the dissolution of cross-links or enzymatic 

degradation (25). These chemical changes trigger drug release, contributing to therapeutic 

effects. Additionally, biological degradation occurs through the metabolism of nanogels in the 

body or their phagocytosis by immune cells. A thorough understanding of these swelling and 

degradation properties of nanogels is crucial for the development of controlled drug release and 

targeted therapy strategies, leading to enhanced therapeutic efficacy and better therapeutic 

outcomes (26).  

Polysaccharide-Based Nanogels   

Today, polysaccharide-based nanogels are of interest as carriers for various bioactive agents such 

as drugs, due to their biocompatibility, physicochemical properties, and unique multifunctional 

groups (7,27,28). Polysaccharides are biologically degradable polymers and typically consist of 

several monosaccharide units linked by glycosidic bonds. Due to their abundant presence in 

nature, low processing cost, non-toxicity, water solubility, and bioactivity, polysaccharides are 

among the most attractive and promising polymers in the field of nanomedicine. These polymers 

can exhibit behaviors such as volume change, swelling, or contraction in response to external 

stimuli. The most common method for synthesizing polysaccharide-based nanogels involves 

covalent crosslinking, which forms covalent bonds between polysaccharide chains (29). Covalent 
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crosslinking offers specific advantages in regulating the nanogel's strength, structure, and 

swelling behavior, which are crucial for controlled loading and programmed release of 

therapeutic and theranostic agents (27). 

Polysaccharide-based nanogels can be designed to encapsulate a variety of therapeutic 

substances, including small molecule drugs (both hydrophobic and hydrophilic), 

proteins/peptides, nucleic acids, and vaccines. For biotherapeutic delivery, the potential of 

polysaccharide-based nanogels lies in their ability to maintain bioactivity and achieve sustained 

and/or controlled drug release, thereby reducing the need for frequent applications (30). 

Commonly used polysaccharides in nanogel production include starch, cellulose, dextran, 

chitosan, xanthan gum, and pectin. 

Starch is a flexible polysaccharide used for drug and bioactive delivery systems due to its 

biodegradability and biocompatibility. Natural starch nanogels with nanometer-sized dimensions 

have been studied for versatile applications in biomedical, food, and pharmaceutical industries 

(28). Starch's ability to crosslink with various chemical crosslinkers makes it easy and fast to 

obtain nanogels. 

Chitosan is similarly used as a drug delivery system, where it helps to improve the bioavailability 

and stability of drugs while also being effective in reducing toxicity. Additionally, due to its 

antimicrobial, anti-inflammatory properties and its capacity to support tissue regeneration, 

chitosan is also used in wound healing and tissue engineering (31). Common methods for 

preparing chitosan nanogels include reverse microemulsion, water-oil heterogeneous gelation, 

and aqueous homogeneous gelation techniques (32). 

Cellulose, another polysaccharide, is abundant in nature and is known for its renewability, 

biodegradability, biocompatibility, and environmental friendliness. Cellulose and its derivatives 

are excellent polymers for gel production. Chemical and/or physical crosslinking can be applied 

during the preparation of nanogels, especially considering the properties of cellulose copolymers. 

Depending on their characteristics, these nanogels find applications in many different fields (33). 

Polysaccharide-Based Nanogels Application Areas 

The emergence of nanotechnology in medicine has facilitated the development of potential 

therapies and diagnostic methods for various diseases and disorders. Polysaccharide-based 

nanogels are used for the encapsulation and controlled release of various functional molecules, 

including drugs, proteins, and genetic materials, offering unique advantages such as 

biodegradability, biocompatibility, and adjustable properties (34). In the literature, it is noted that 

polysaccharides like chitosan, hyaluronic acid, starch, alginate, dextran, and cellulose have been 

used as drug delivery systems, leading to impressive therapeutic outcomes. Polysaccharide-based 

nanogels exploit the properties of biopolymers to increase intracellular penetration, ensure the 

stability of encapsulated biomolecules, and reduce early drug degradation rates. Additionally, the 

effectiveness of polysaccharide-based nanogels depends on the characteristics of the 

polysaccharides and the preparation parameters. 

For instance, the type of starch, the gelation time, and the amylose/amylopectin ratio have been 

identified as critical parameters during the synthesis of starch nanogels (6,28). Numerous starch 
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derivatives and combinations of starch with various polymers can facilitate the synthesis of 

nanogels with desired properties. Starch nanogels serve as ideal carriers in biomedical 

applications, including drug and peptide delivery, and are particularly suitable for oral 

administration (6). 

Chitosan nanogels, with their high biocompatibility, biodegradability, pH sensitivity, 

mucoadhesive properties, and thermosensitivity, have become versatile ideal drug delivery 

systems. The amine groups in chitosan act as reactive sites during nanogel synthesis. The ability 

to modify chitosan provides opportunities to create new nanogels that can be used in nearly all 

biomedical fields, including wound dressing, cancer suppression, tissue engineering, and 

biological imaging (35, 36). 

Similarly, other polysaccharide-based nanogels are highly useful as carriers for a wide range of 

active compounds due to their physicochemical and biological properties. Polysaccharides 

possess unique properties, such as the ability to mimic the microenvironment of natural 

extracellular matrices, which is highly investigated for use in bioengineering applications. 

Furthermore, polysaccharides or their derivatives, when used to form nanogels, can be combined 

with other polymers to reach various targets (30). Therefore, nanogels are prepared from a wide 

range of synthetic and natural biopolymers, encapsulating small molecules or 

biomacromolecules through the pores of the three-dimensional network. The three-dimensional 

polymer network of nanogels, produced via chemical or physical crosslinking, can encapsulate 

hydrophilic or hydrophobic molecules, including drugs, proteins, genetic material patterns, and 

even small nanoparticles. Recent significant advances in the synthesis of polysaccharide-based 

nanogels have enabled the adaptation of nanogels with specific properties by providing access to 

complex architectures and compositions. 

Conclusion and Future Perspective 

Recently, there has been significant interest in nanocarriers within the field of drug delivery 

systems research. One such nanocarrier, nanogels, has attracted attention due to their 

customizable structures, which can be tailored to transport charged bioactive agents to desired 

target areas. Nanogels are an intriguing type of hydrophilic polymeric network, exhibiting good 

biocompatibility, high water absorption, and stability, while also demonstrating minimal toxicity 

for drug loading applications. Notably, polysaccharide-based nanogels form a class of carriers 

that are easy to produce, versatile, and economically feasible. These nanogels possess 

multifaceted properties, enabling the effective delivery of biologically active molecules, 

particularly biopharmaceuticals. 

The synthesis of nanogels can be achieved through various methods, and the choice of method 

significantly influences the final characteristics of the resulting nanogel. Overall, polysaccharide-

based nanogels show great potential in advancing biomedical and pharmaceutical fields. As 

discussed in this review, the design and development of functional and sensitive nanogels 

represents an important breakthrough in the safe and effective delivery of bioactive molecules. 

These aspects make them fascinating as soft model systems for fundamental research and 

particularly for a wide range of biological applications. 



 Review Article 

International Journal of Basic and Clinical Studies, Saracoglu and Ihlamur, 2024; 13(2): 34-42, 13204. 

 

40 

 

Compliance with Ethical Standard  

Conflict of interests: The author declares that for this article they have no actual, potential, or 

perceived conflict of interests.  

Ethics committee approval: The author declares that this study does not include any 

experiments with human or animal subjects; therefore, no ethics committee approval is needed.  

Funding disclosure: The authors received no financial support for the research, authorship, 

and/or publication of this article.  

Acknowledgments: -  

Disclosure: The authors declare that they have no conflict of interest. 

 

 

References 

1.  S. Sim and N. K. Wong, “Nanotechnology and its use in imaging and drug delivery 

(Review),” Biomed. Reports, 2021;14(5);42. 

2.  F. Pinelli, Ó. F. Ortolà, P. Makvandi, G. Perale, and F. Rossi, “In vivo drug delivery 

applications of nanogels: A review,” Nanomedicine, 2020;(15)27:2707–2727. 

3.  I. Neamtu, A. G. Rusu, A. Diaconu, L. E. Nita, and A. P. Chiriac, “Basic concepts and recent 

advances in nanogels as carriers for medical applications,” Drug Deliv., 2017;(24)1:539–557. 

4.  E. Mauri, S. M. Giannitelli, M. Trombetta, and A. Rainer, “Synthesis of nanogels: Current 

trends and future outlook,” Gels, 2021;(7)2:1–23. 

5.  P. Mastella, B. Todaro, and S. Luin, “Nanogels: Recent Advances in Synthesis and 

Biomedical Applications,” Nanomaterials, 2024;(14)15. 

6.  P. Saracoglu and M. M. Ozmen, “Starch nanogels as promising drug nanocarriers in the 

management of oral bacterial infections.” Journal of Drug Delivery Science and Technology 

2023;(88)104973. 

7.  T. A. Debele, S. L. Mekuria, and H. C. Tsai, “Polysaccharide based nanogels in the drug 

delivery system: Application as the carrier of pharmaceutical agents,” Mater. Sci. Eng. C, 

2016;(68):964–981. 

8.  D. Arora, N. Sharma, V. Sharma, V. Abrol, R. Shankar, and S. Jaglan, “An update on 

polysaccharide-based nanomaterials for antimicrobial applications,” Appl. Microbiol. 

Biotechnol., 2016;(100)6:2603–2615. 

9.  M. C. García and J. C. Cuggino, Stimulus-responsive nanogels for drug delivery. Elsevier 

Ltd., 2018;321-341. 

10. S. Vetriselvan, N. K. Fuloria, S. V Chinni, M. Sekar, S. Fuloria, and C. Celia, “Nanogels 

as novel drug nanocarriers for CNS drug delivery,” 2023;1–18. 



 Review Article 

International Journal of Basic and Clinical Studies, Saracoglu and Ihlamur, 2024; 13(2): 34-42, 13204. 

 

41 

 

11. N. Joudeh and D. Linke, “Nanoparticle classification, physicochemical properties , 

characterization , and applications : a comprehensive review for biologists,” J. 

Nanobiotechnology, 2022;1-29. 

12. S. Maya, B. Sarmento, A. Nair, N. S. Rejinold, S. V Nair, and R. Jayakumar, “Smart 

Stimuli Sensitive Nanogels in Cancer Drug Delivery and Imaging: A Review,” Curr. Pharm. 

Des., 2013;(19):7203–7218.  

13. S. A. Ferreira, F. M. Gama, and M. Vilanova, “Polymeric nanogels as vaccine delivery 

systems,” Nanomedicine Nanotechnology, Biol. Med., 2013;(9):159–173.  

14. M. Suhail et al., “Nanogels as drug-delivery systems: A comprehensive overview,” Ther. 

Deliv., 2019;(10)11;697–717. 

15. T. Kaewruethai, C. Laomeephol, Y. Pan, and J. A. Luckanagul, “Multifunctional 

polymeric nanogels for biomedical applications,” Gels, 2021;(7)4:1–18. 

16. C. Li, S. R. Obireddy, and W. F. Lai, “Preparation and use of nanogels as carriers of 

drugs,” Drug Deliv., 2021;(28)1:1594–1602. 

17. E. S. Anooj et al., “Nanogels: An overview of properties, biomedical applications, future 

research trends and developments,” J. Mol. Struct., 2021;(1239):130446. 

18. C. Pathak, F. U. Vaidya, and S. M. Pandey, Mechanism for Development of Nanobased 

Drug Delivery System. Elsevier Inc., 2019;(3):35-67. 

19. X. Zhang, S. Malhotra, M. Molina, and R. Haag, “Micro- and nanogels with labile 

crosslinks-from synthesis to biomedical applications,” Chem. Soc. Rev., 2015;(44)7;1948–

1973. 

20. J. Maitra and V. K. Shukla, “Cross-linking in Hydrogels - A Review,” Am. J. Polym. 

Sci., 2014;(4)2:25–31. 

21. H. Ding, J. Geng, Y. Lu, Y. Zhao, and B. Bai, “Impacts of crosslinker concentration on 

nanogel properties and enhanced oil recovery capability,” Fuel, 2020;(267);117098. 

22. M. Vicario-de-la-Torre and J. Forcada, “The Potential of Stimuli-Responsive Nanogels 

in Drug and Active Molecule Delivery for Targeted Therapy,” Gels, 2017;(3)2:16.  

23. Y. Yin, B. Hu, X. Yuan, L. Cai, H. Gao, and Q. Yang, “Nanogel: A versatile nano-

delivery system for biomedical applications,” Pharmaceutics, 2020;(12)3.  

24. S. Shah, N. Rangaraj, K. Laxmikeshav, and S. Sampathi, “‘Nanogels as drug carriers – 

Introduction, chemical aspects, release mechanisms and potential applications,’” Int. J. 

Pharm., 2020;(581):119268. 

25. Y. Li, D. Maciel, J. Rodrigues, X. Shi, and H. Tomás, “Biodegradable polymer nanogels 

for drug/nucleic acid delivery,” Chem. Rev., 2015;(115)16:8564–8608.  

26. N. Kumar, S. Singh, P. Sharma, and B. Kumar, “Single-, Dual-, and Multi-Stimuli-

Responsive Nanogels for Biomedical Applications,” 2024;(10)1:1–40. 

27. F. Damiri, A. Fatimi, and A. Cla, “Smart stimuli-responsive polysaccharide 



 Review Article 

International Journal of Basic and Clinical Studies, Saracoglu and Ihlamur, 2024; 13(2): 34-42, 13204. 

 

42 

 

nanohydrogels for drug delivery: a review,” Journal of Materials Chemistry B, 

2023;(11):10538–10565.  

28. P. Saracoglu and M. M. Ozmen, “Starch Based Nanogels: From Synthesis to 

Miscellaneous Applications,” Starch/Staerke, 2021;(73)9:1–10. 

29. A. Papagiannopoulos and K. Sotiropoulos, “Current Advances of Polysaccharide-Based 

Nanogels and Microgels in Food and Biomedical Sciences,” Polymers (Basel)., 2022;(14): 4.  

30. J. Wang et al., “Polysaccharide-Based Nanogels to Overcome Mucus, Skin, Cornea, and 

Blood-Brain Barriers: A Review,” Pharmaceutics, 2023;(15)10:2508. 

31. A. Mustafa, M. A. Indiran, K. Ramalingam, E. Perumal, R. Shanmugham, and M. I. 

Karobari, “Anticancer potential of thiocolchicoside and lauric acid loaded chitosan nanogel 

against oral cancer cell lines: a comprehensive study,” Sci. Rep., 2024;(14):1–18. 

32. L. Xing et al., “pH-sensitive and specific ligand-conjugated chitosan nanogels for 

efficient drug delivery,” Int. J. Biol. Macromol., 2019;(141):85–97. 

33. H. Kang, R. Liu, and Y. Huang, “Cellulose-Based Gels,” 2016;(217)12:1322–1334. 

34. I. Neamtu, A. P. Chiriac, L. E. Nita, A. Diaconu, and A. G. Rusu, Nanogels containing 

polysaccharides for bioapplications. Elsevier Inc., 2018;(11):387-420. 

35. O. Guaresti et al., “Dual charged folate labelled chitosan nanogels with enhanced 

mucoadhesion capacity for targeted drug delivery,” Eur. Polym. J., 2020;(134):109847. 

36. A. Narmani and S. M. Jafari, “Chitosan-based nanodelivery systems for cancer therapy: 

Recent advances,” Carbohydr. Polym., 2021;(272):118464. 


	Pelin SARACOGLUa* Murat IHLAMURb
	Introduction
	References

