
A REVIEW ON RECENT ADVANCES IN NANOGELS 

 

 
Pranav Malagar,  Nitan Bharti Gupta*, Hardeep Kaur ,  

Pooja Sharma, Ritika Sharma 

Department of Pharmaceutics, Sri Sai College of Pharmacy Badhani,  

Pathankot Punjab 145001, India 

Corresponding author ….. Nitan Bharti Gupta 

Department of pharmaceutics, Sri Sai College of Pharmacy, Badhani, Pathankot 

Punjab 145001, India 

E-mail- nitanbhartigupta64@gmail.com 

 

 

 

 

ABSTRACT   

A hydrogel nanoparticle containing a network of cross-linked hydrophilic polymers is 

referred to as a "nanogel". Cross-linked polymers, which expand in an appropriate detergent, 

make up nanogels. Nanogels can absorb a lot of water because hydrophilic polymers have 

several hydrophilic functional groups. Nanogels, with their remarkable stability, versatility, 

and sensitivity to stimuli, hold promise as a secure and efficient drug delivery system for 

biological products. These devices can be used to deliver a wide range of pharmaceutical 

items, hormones, DNA, vaccinations, and chemotherapy treatments. The talk focuses on the 

several kinds of drug delivery systems based on nanogels, their numerous applications in the 

medical field, production techniques, drug release mechanisms, and commercial preparations. 

The purpose of this brief overview is to provide thorough examples of novel Nanogel 

operations and drug release mechanisms. Similarly, the situation of clinical trials, Nanogels 

today, and future possibilities have all been summed up.  

 

KEYWORDS polymer, nanoparticles, nanogel, and nanotechnology  

 

 A variety of chances for drug manufacture and delivery (nanomedicine) techniques, such as 

the characterisation, synthesis, and design of molecules or materials, as well as devices, with 

effective function at the nanoscale scale, are made possible by nanotechnology, a novel 

technique. The improvement of present therapeutic and diagnostic processes is the main 

objective of this technique.[1] Research from universities and pharmaceutical businesses 

across the globe indicates that the development of novel nano-sized particle drug delivery 

systems (DDS) has greatly impacted the identification, management, and prevention of 

disease. By enhancing drug absorption, decreasing drug toxicity, managing dose release, and 

minimizing biodegradation, this method has surmounted the difficulties. 
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It also lessens the possibility that, once a medicine is administered, the body will activate its 

immune cells. Functionalized nanoparticles that may be loaded with medication or genetic 

material and transported to particular bodily parts via a regulated mechanism are the product 

of the application of nanotechnology in medicine. Many nanotechnological techniques have 

been introduced as an advanced DDS, with the most beneficial being Nanogels. These 

techniques include protein- and lipid-based nanoparticles, nanoemulsions, nanocrystals, 

nanodiamonds, carbon nanotubes, and nanosuspensions.[2] 

 

The enlarged networks of nanogels soften and become capable of encasing the necessary 

amount of water when they are distributed in aqueous conditions. The production of highly 

dispersed hydrophilic particles can be achieved by loading appropriate biological or 

pharmacological molecules into the Nanogels by the process of permitting spontaneous 

interactions between the agents and the polymer matrix. The intended loaded biomolecule 

can be shielded from degradation by this resulting structure. Because of this, nanogels have a 

flexible structure that can be used for both drug encapsulation and controlled release at the 

intended location.[3] 

 

In the first ten years of their development, multifunctional nanocarriers such as controlled 

drug release at the target location were designed using nanogels, which were shown to be a 

promising structure for systemic drug release. Nanogels can include a wide range of 

compounds due to their enormous surface area and scalable size.[4]  

A wide range of natural and synthetic polymers, as well as their combinations, can be used to 

create nanogels. These polymers can be physically or chemically crosslinked with non-

covalent bonds through hydrogen bonding, electrostatic interactions, and hydrophobic 

interactions. The hydrophilic functional groups, like –OH, –CONH–, –CONH2–, and –

SO3H, that are present along the macromolecular chains in the polymer structure are 

responsible for the material's high water absorption capacity.  

 

Benefits of nanogel 

A. The formulation of nanogels is biodegradable and very biocompatible. 

B. By including a polymeric network, nanogels can be made to release drugs from the 

formulation over an extended period of time. Additionally, polymeric networks regulate the 

formulation's particle size. 

C. Parenteral and mucosal administration of nanogels is a simple process. 

D. The main benefit of nanogels is that there is less medication loss from the solution too 

soon. 

E. All hydrophobic and liquescent medications will be created in nanogel form.  

F. Suitable for particular target and transit properties  

G. In nature, reticuloendothelial area unit invasion, which gel may be able to stop.  

H. Aids in improving the bioavailability of low relative molecular mass biomacromolecules 

in the mouth and brain[5,6,7]. 
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ADVANTAGES OF THE NANOGEL DRUG DELIVERY METHODS (8)  

-It guards against the body's natural breakdown of medications.  

-Similar-sized physical Nanogel packets can be easily acclimated to and maintained in 

accordance with the requested delivery patch. 

- Less medication is required, and fewer boluses are required. 

- Lowers medicine toxin and increases immersion of medicinal patches. 

-Medicine-loaded nanogels can be applied transdermally and penetrate the body without 

causing any side effects or unfavorable effects. These are able to cross physiological barriers 

like the skin and the blood-brain barrier.  

 

THE DRUG'S RELEASE FROM NANOGELS:  

Due to their different structures, the two primary methods for creating nanogels are cross-

linking and real self. Compared to the nanogel made by covalent bonding between molecules 

on polymer chains, the one formed by chemical cross-linking was more stable. Reversible 

connections of physically cross-linked nanogels are largely dependent on noncovalent 

interactions, including hydrophobic interaction, electrostatic interaction, hydrogen bonding, 

Vander Waals force, and host-guest contact. Even though physical noncovalent linkages are 

weaker than covalent cross-links, physical self-assembly is more adaptable and practical than 

chemical covalent cross-linking.[09]  

 

Applications of Nanogels: 

Nanogels:Nanogels for  Cancer Treatment Uses Research has been conducted on drug 

delivery methods, including as liposomes and nanoparticles, to overcome the drawbacks of 

conventional chemotherapy. These limitations include a restricted therapeutic window, low 

solubility, and harm to normal tissues. These low-molecular-weight drugs, including as 

temozolomide, doxorubicin, cisplatin, and 5-fluorouracil, were delivered using nanogels. 

Maleic acid poly (N-isopropyl acrylamide)-based polymers are frequently employed in 

cancer treatment as pH- and temperature-sensitive doxorubicin nanogels. These nanogels 

produce doxorubicin in response to a slight pH drop or temperature increase. The treatment 

of liver, lung, breast, and prostate cancer was also investigated using a doxorubicin-

containing chitin-based nanogel.The use of nanogels in protein and peptide delivery.  

 

Nanogels as Vaccine Delivery Systems: The goal of cancer immunotherapy is to stimulate a 

specific immune response directed against cancerous cells. Vaccines using truncated 

oncoprotein complexes made of hydrophobic polysaccharide nanogel have the potential to 

stimulate humoral and tissue-specific immune responses. Following treatment with the 

cholesterol-containing pullulan-HER2 nanogel combination, dendritic cells, such as bone 

marrow-derived APC, were able to boost the proliferation of CD4+ and CD8+ T 

lymphocytes. 

Alzheimer's disease treatment using nanogels: It is commonly known that amyloid beta-

role proteins play a function in the etiology of Alzheimer's disease. Inhibiting amyloid-

protein aggregation is a workable treatment approach. Cholesterol-containing pullulan 

nanogels can be used to artificially absorb amyloid proteins, hence limiting the formation of 

amyloid-protein (1-42) fibrils that have significant antiamyloidogenic effects.  
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These nanogels are composed of hydrophobic cholesterol molecules and a polysaccharide 

backbone. Six to eight more amyloid proteins can be formed from a single 1-42 amyloid 

protein molecule. Under physiological conditions, pullulan with positive charges and amino 

group modification nanogels demonstrated a better inhibitory action than pullulan without 

modification. This improvement may have been caused by electrostatic interactions between 

the modified amino group nanogel and amyloid protein, which may play a significant role in 

the inhibition of fibril formation. 

 

Nanogels in Local Anesthesia: Reducing patient discomfort is one of the main therapeutic 

objectives in dental care. Enhancing regional delivery of medicine delivery systems with the 

inclusion of local anesthetics could be beneficial. When local anesthetics are incorporated 

into delivery systems like nanogels, they can be given more conveniently and successfully. It 

was demonstrated that when this amino ester local anesthetic was loaded into MEA-EA 

nanogels via hydrophobic and hydrogen bonding, its release was enhanced at high pH. 

Procaine hydrochloride is released from the nanogel system as a consequence of the 

deprotonation of acid on nanogels, which raises porosity, produces osmotic pressure, and 

promotes swelling. In terms of injection and blood circulation time, nanogels are most likely 

the most advantageous choice. 

 

Nanogels in Ophthalmic Drug Delivery: Using γ radiation-induced polymerization of 

acrylic acid (AAc) in an aqueous solution of polyvinyl pyrrolidone (PVP), this polyvinyl 

pyrrolidone-poly (acrylic acid) (PVP/PAAc) nanogel was used to encapsulate pilocarpine and 

preserve a sufficient amount at the action site for extended periods of time. [10] 

 

Nanogels in neurodegenerative disorders: Nanogel facilitates the simpler delivery of ODN 

to the brain. ODN needs to be injected all throughout the body and into the central nervous 

system (CNS) in order to cure neurodegenerative diseases. Molecules with a higher 

molecular weight are rapidly eliminated from circulation upon injection because the blood-

brain barrier cannot effectively enter them. When nanogels are encapsulated or connected 

with extemporaneously negatively charged ODN, polyelectrolyte complexes, a persistent 

aqueous dispersion with particle sizes smaller than 100 nm, can successfully transit the 

blood-brain barrier. The effectiveness of transport is much increased when transferrin or 

insulin is added to the surface of the nanogel.  

 

Nanogels in Immunological Disorders  

Cyclodextrin readily dissolved the loading liposomes containing mycophenolic acid, 

oligomers of lactic acid-poly (ethylene glycol) terminated with an acrylate end group, and 

Irgacure 2959 photo initiator. The PEG oligomers are subjected to UV radiation, which is 

followed by photopolymerization. Because nanogels can bind to immune cells in vivo and 

allow for high localized concentrations of mycophenolic acid, they exhibit a larger systemic 

accumulation than free fluorescent tracers. This kind of medication delivery method delays 

the start of renal damage, a typical consequence of lupus, and increases patient adherence. 

[29]  
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Nanogels for Diabetes Treatment:  

Numerous insulin delivery methods have been developed in response to the high prevalence 

of diabetes. One such system has been created that releases a set amount of insulin in 

response to variations in blood glucose levels. The opposing direction of the electrically 

charged particles is likewise accompanied by the nanogel system due to the gel matrix's 

capacity to bind and react to pH variations. Insulin and other enzymes required to change 

glucose into gluconic acid utilizing dextran will be transported by the nanogel technology. 

When glucose molecules penetrate the nanogel network due to hyperglycemia, gluconic acid 

is generated and the medium's pH decreases. Insulin production will rise as a result.  

 

Commercialized Nanogel Formulations [12]  

1. Zyflex nanogel relieves bodily pain and relaxes muscles  

2. Oxalgin nanogel has rapid penetration and a deeper effect.  

3. Sanitized care nanogel minimizes the buildup of fat in the arms, legs, belly, etc.  

4. Augen nanogel is a gel for eye care that has the ability to penetrate deeply.  

5. H A nanogel minimizes dental caries and foul breath  

6. Revivagenix nanogel hydrates the skin and is an anti-wrinkle cream.  

 

DRAWBACKS CONCISE 

 Ultimately, pricey methods are required to completely eliminate the surfactants and 

detergents. Traces of surfactants can occasionally become toxic. Nanogels typically have a 

perimeter that ranges in size from one to hundreds of nanometers. Nanogel pores can be filled 

with macromolecules or tiny molecules. Similarly, certain aspects of Nanogels, like chemical 

functionality, declination, and swelling, are controllable. Nanogels have been researched for a 

long time for the production of individual agents like amountblotches and colorful agents 

comparable to colorings, in addition to their use in the administration of medications.(13)  

 

ROUTES OF ADMINISTRATION 

Common methods of Nanogel delivery include pulmonary, oral, parenteral, nasal, topical, 

and intraocular. These comparable styles are listed below. Nanogel medicine delivery 

systems have a large drug loading capacity and a low carrier count, making them effective 

methods or approaches. Conjugation of Covalents Covalent conjugation can be used to make 

nanogels in natural substances. To create nanosized hydrogels, tempera groups are organized 

with enzymes and copolymerized with acrylamide in an inverted microemulsion or a diluted 

waterless outcome. Certain Nanogels allow for the configuration of a hydrophobic chain, 

which is the result of the objectification of hydrophobic molecules into nonpolar disciplines. 

For example, prostaglandin E2 can be responded to fluently in pullulan modified with 

cholesterol. N-hexyl carbamoyl-5-fluorocil (HCFU) noncovalently inserted in NIPAAM & 

N-vinylpyrrolidone(VP) copolymer cross-linked nanogels serves as another example. 

Additionally, pluronic F127- grounded amphiphilic cross-linked Nanogels were loaded with 

doxorubicin. (30)Most of the time, the hydrophobic commerce leads to relatively low 

circumstances of pharmaceutical patch lading with the Nanogel (lower than tone- assembly 
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 Tone-assembly, which happens when separate associations of elements are combined to 

create structurally well-defined structures, has advantages akin to minimum thermodynamics, 

adaptability, simplicity, and affordability. A prolixity followed by a particular patch 

connection of non-covalent, hydrophobic, or electrostatic contacts distinguishes a numerous-

pattern tone assembly. Tone-assembly is weak and dominates the structural and 

conformational gestes of the assembly due to the vast number of interactions. Therefore, 

relationships with neutral polysaccharides weaken or even bear assembly due to electrostatic 

lodestones and unequally charged and readily linked polysaccharides. Hydrophobic 

interactions can influence the shape of nanoparticles through polysaccharides that are 

primarily water soluble. 

 

OPERATION OF NANOGELS 

Nanogel in PVP/PAAc Ophthalmology Nanogel is a polymer made of polyvinyl pyrrolidone 

and poly(acrylic acid) that is persuaded by radiation. It can be used to synopsize pilocarpine, 

which will keep it at the place of exertion for a longer amount of time.(16) Nanogel for 

Bleeding Prevention A protein patch for the Nanogel product has shown that it does, in fact, 

stop bleeding in cases of serious tears. Because of their nanoscale tone-assembly medium, the 

proteins can create a biodegradable  

Nanogel as NSAIDS 

The desired density of hydroxypropylmethylcellulose (HPC) and carbopol were used to 

create the nanogels. Chitosan and poly-(Lactide-co-glycolic acid) were used to form 

bilayered nanoparticles, and oleic acid was applied to the face (18 

Nanogel in Autoimmune conditions 

Cyclodextrin fluently solubilized the leading liposomes containing mycophenolic acid, 

oligomers of lactic acid-poly(ethylene glycol) ended with an acrylate end group, and the 

Irgacure 2959 print generator. Once the sliced oligomers are subjected to ultraviolet light, 

they also undergo print polymerization. Compared to free fluorescent tracers, nanogels 

exhibit reduced systemic accumulation because of their critical capacity to bind to susceptible 

cells in vivo and permit high localized attention of mycophenolic acid. This kind of 

medication delivery system delays the onset of order destruction, a typical consequence of 

lupus, and enhances patient adherence.(30) 

 

Nanogel in Cancer  

In order to administer particular, targeted medications with low toxicity and good therapeutic 

efficacy, nanogel is utilized in cancer treatment. To speed up the absorption of doxorubicin, 

pH-sensitive chitosan glycol was grafted with a 3-diethyl amino propyl group. This was 

based on the Medium of Action.Thermoresponsive endosomal rupture and medication release 

via Nanogel are achieved through mechanisms of thermo-perceptivity and volume transition 

pluronic polyethylene mine/DNA complexes. The loading capacity of 5-Flourouracil, an 

insitu jelly thermosensitive nanogel utilized in medicine, was shown to be lower than that of 

macromolecules, such as bovine serum albumin.(19) Chitosan and poly(N-

isopropylacrylamide) are thermosensitive magnetically modalized nanogels utilized in cancer 

prevention and tailored medication delivery. Hydroxypropyl cellulose (HPC) combined with 

acrylic acid polymer 
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CLINICAL TRIAL STATUS of NANOGELS 

Peptide delivery using cholesterol pullulan (CHP) nanogels has demonstrated significant 

promise. Nine instances received 300g boluses of the CHP-HER-2 vaccine every two weeks, 

interspersed with booster shots. The vaccination was widely accepted since there was very 

little skin sensitivity at the injection site. The CD4 and CD8 T-cell responses were present in 

every case, demonstrating the effectiveness of the treatment. Recently, poly(4-

vinylphenylboronic acid-co-2-(dimethylamine) ethyl acrylate) nanogels loaded with optically 

sensitive insulin have been developed for diabetes treatment, ushering in a new age of clinical 

trials 50. The creation and functionality of antibiotic conjugated angels in vivo has given two 

issues a possible resolution.(24, 26)  

 

CONCLUSION 

 Advanced pharmaceutical nanocarriers for restorative and therapeutic substances are known 

as nanogels. Biomacromolecules could be used to efficiently create nanogel structures in 

order to maximize their functional capability and dissipation stability. Nanogel systems are 

used to regulate pharmaceutically active composites with colorful medicinal components. 

Biopolymers and hydrophobes with low molecular mass can also be synopsized by nanogels. 

The development of Nanogels depends on the identification of a novel polymeric system. 

Advanced techniques like as cross-linking or polymerization may one day be used as 

therapeutics. This is a novel method for creating assemblies of Nanogel. Thus, we might 

expect that these sophisticated nanocarrier 

 

REFERENCES   

1. He Q,  Liu J, Liang  J, Liu  X, Li W, Liu Z,  et al. Towards  improvements  for  penetrating 

the  blood– brain  barrier—recent progress  from  a material  and pharmaceutical perspective. 

Cells, 2018; 7(4): 24 

2. Neamtu I,  Rusu AG, Diaconu  A, Nita LE,  Chiriac AP. Basic concepts and recent 

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

57 

3. Jensen  LB,  Griger  J,  Naeye  B,  Varkouhi  AK, Raemdonck K,  Schiffelers R,  et al. 

Comparison of polymeric  siRNA  nanocarriers  in  a  murine  LPS-activated  macrophage  

cell  line:  gene  silencing, toxicity and off-target gene expression. Pharm Res, 2012; 29(3): 

669–82 

4. Jain  N,  Jain  R,  Thakur  N,  Gupta  BP,  Jain  DK, Banveer  J,  et  al.  Nanotechnology:  a  

safe  and effective drug delivery system. Asian J Pharm Clin Res, 2010; 3(3): 159–65.  

 5.Akiyoshi K, Kang EC, Kuromada S. (2000). Controlled association of amphiphilic 

polymers in water: thermosensitive nanoparticles formed by self-assembly of 

hydrophobically modified pullulans and poly(N-

isopropylacrylamides). Macromolecules 33:3244–9 

6. Adhikari B, Cherukuri S, Reddy CS, Haranath C, Bhatta HP, Naidu Inturi R. Recent 

advances in nanogels drug delivery systems, World Journal of Pharmacy and Pharmaceutical 

Sciences. 2016; 5(9):505-530. 

YMER || ISSN : 0044-0477

VOLUME 23 : ISSUE 08 (August) - 2024

http://ymerdigital.com

Page No:766



7. Arun Kumar Singh , Anita Singh. Phyto-Phospholipid Complexes: A Potential Novel 

Carrier System for Improving Bioavailability of Phytoconstituents. Research Journal of 

Pharmacy and Technology. 2020; 13(2):1059-1066 

8. Lee J, Ryoo N, Han H, Hong HK, Park JY, Park SJ, et  al.  Anti-VEGF  polysiRNA  

polyplex  for  the treatment  of  choroidal  neovascularization.  Mol Pharm, 2016; 13(6): 

1988–95 

9. Maya S, Sarmento B and Nair A: Smart stimuli sensitive nanogels in cancer drug delivery 

and imaging: a review. Curr Pharm Des 2013; 19: 7203–7218. 

doi:10.2174/138161281941131219124142 

10. Kousalová J and Etrych T: Polymeric nanogels as drug delivery systems. Physiol Res 

2018; 67: s305–s317. doi:10.33549/physiolres.933979 

11.  Omar SM, Maziad NA, El-Tantawy NM. Design of isoniazid  smart  nanogel  by  gamma  

radiationinduced  template  polymerization  for  biomedical application. Pharm Res, 2017; 

34(9): 1872–85.  

12.Faramarzi M, HeidarinasabA,  Panahi HA, Kazemi K, Tamaddon AM. Loading, release, 

and solid phase extraction  of  sorafenib  using  smart  nanoparticles. Ann Trop Med Public 

Heal, 2018; 11(Special Issue): S703.  

13.Vinogradov  S  V.  Colloidal  microgels  in  drug delivery  applications.  Curr  Pharm  

Des,  2006; 12(36): 4703–12 

14. Raemdonck K, Demeester J, De Smedt S. Advanced nanogel engineering for drug delivery. 

Soft Matter, 2009; 5(4): 707–15.  

15. Desai  PR,  Shah  PP,  Hayden  P,  Singh  M. Investigation  of  follicular  and  non-follicular 

pathways for  polyarginine and  oleic  acid-modified nanoparticles. Pharm Res, 2013; 30(4): 

1037–49.  

16. Look  M,  Stern  E,  Wang  QA,  DiPlacido  LD, Kashgarian M, Craft J, et al. Nanogel-based 

delivery of  mycophenolic  acid  ameliorates  systemic  lupus erythematosus in mice. J Clin 

Invest, 2013; 123(4): 1741–9.   

17. Lee  Y,  Park  SY,  Kim  C,  Park  TG.  Thermally triggered intracellular explosion of volume 

transition nanogels for  necrotic cell  death. J  Control release, 2009; 135(1): 89–95.  

18. Wu W, Aiello M, Zhou T,  Berliner A, Banerjee P, Zhou S.  In-situ immobilization of 

quantum dots  in polysaccharide-based  nanogels  for  integration  of optical  pH-sensing,  

tumor  cell  imaging,  and  drug delivery. Biomaterials, 2010; 31(11): 3023–31.  

19. Tamura A,  Oishi  M, Nagasaki Y.  Efficient siRNA delivery  based  on  PEGylated  and  

partially quaternized  polyamine  nanogels:  enhanced  gene silencing  activity  by  the  

cooperative  effect  of tertiary and quaternary amino groups in the core. J Control release, 

2010; 146(3): 378–87.  

20. Nimesh S.  Gene  therapy:  Potential  applications  of nanotechnology. Elsevier, 2013 

21. Shailesh D ghaywat, Pooja S mate, Yogesh M parsutkar, Ashwini D chandimeshram, 

Milind J umekar (2021) Over View of Nanogels and its Applications. GSC Pharmaceutical 

Sciences 16(1): 2581-3250. 

22.  Vinogradov  S  V,  Batrakova  E  V,  Kabanov  A  V. Nanogels for  oligonucleotide 

delivery to  the brain. Bioconjug Chem, 2004; 15(1): 50–60. 

YMER || ISSN : 0044-0477

VOLUME 23 : ISSUE 08 (August) - 2024

http://ymerdigital.com

Page No:767



23. Ikeda  K,  Okada  T,  Sawada  S,  Akiyoshi  K, Matsuzaki K. Inhibition of the formation 

of amyloid β-protein  fibrils  using  biocompatible  nanogels  as artificial chaperones. FEBS 

Lett, 2006; 580(28–29):  

6587–95.  

24.Kitano  S,  Kageyama  S,  Nagata  Y,  Miyahara  Y, Hiasa  A,  Naota  H,  et  al.  HER2-

specific  T-cell immune  responses  in  patients  vaccinated  with truncated HER2 protein 

complexed with nanogels of cholesteryl pullulan. Clin cancer Res, 2006; 12(24): 7397–405. 

25.Wu  W,  Chen  S,  Hu  Y,  Zhou  S.  A  fluorescent responsive hybrid nanogel for closed-

loop control of glucose. J  Diabetes Sci  Technol,  2012; 6(4): 892–901 

26.Jain S, Ancheria RK and Shrivastava S: An Overview of Nanogel –Novel Drug Delivery 

System. Asian J Pharm Res Dev 2019; 7: 47–55. doi:10.22270/AJPRD.V7I2.482 

27. Sultana F, Manirujjaman and Imran-Ul-Haque: An overview of nanogel drug delivery 

system. J Appl Pharm Sci 2013; 3: 95–105. doi:10.7324/JAPS.2013.38.S15 

28.Rashidirad S. Preparation and in-vitro evaluation of poly  (ε-caprolactone)-poly  (ethylene  

glycol) 

(PCL-PEG-PCL)  nanoparticles  containing  5-fluorouracil, 2019;  

29. Parhi  R.Applications  of  Chitosan  Composites  in Pharmaceutical  and  Food  Sectors.  

Adv  Appl 

Polysaccharides their Compos, 2020; 73: 86–135.  

30. Oh NM, Oh KT, Baik HJ, Lee BR, Lee AH, Youn YS,  et  al.  A  self-organized  3-

diethylaminopropyl-bearing glycol chitosan nanogel for tumor acidic pH targeting:  In  vitro  

evaluation.  Colloids  surfaces  B Biointerfaces, 2010; 78(1): 120–6.  

 

 

YMER || ISSN : 0044-0477

VOLUME 23 : ISSUE 08 (August) - 2024

http://ymerdigital.com

Page No:768


