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Challenge & 
Approach

● Colorectal cancer (CRC) is the 2nd largest cause of cancer deaths worldwide

● Curcumin (CUR) shows anti-cancer, anti-inflammatory, & antioxidant properties

● CUR has low bioavailability gets degraded by stomach acid before reaching the colon

● No existing delivery system targets the colon with pH- responsive release efficiently

● Designed a dual-layer nanogel (NG) using chitosan (core) & sodium alginate (outer)

● Ionic crosslinking with TPP for controlled encapsulation

● Alginate coating remains intact at gastric pH, dissolve at colonic (7.4)

● Targeted, sustained CUR release directly at the tumor site   



Methods/Materials

Ionic gelation protocol 
and optimized synthesis 
parameters

● Chitosan Core
● Dissolving Curcumin 
● TPP Crosslinking 
● Alginate coating 
● Characterization



Characterization of NG

SEM/TEM imaging: spherical, uniform               
150 nm (single NG) and 350 nm (Dual layer NG) with PDI<0.06

Fluorescent Microscopy 

ATR-FTIR findings
Chitosan: Saccharide ring stretching (2929)
CUR: Multiple peaks C=C aromatic ring stretching (1500- 1600); 
Peak shifts at 1637-1647: interaction between CUR C=O and NH of 
CS
Alginate: COO- stretch (symmetric: 1566 and asymmetric: 1409)  
C-O-C stretch (1027) 
TPP: O-P-O stretching at 800-1200

Encapsulation efficiency of the NG to hold curcumin is 87.6% 



In Vitro Validation 



Drosophila Validation 



Discussion/Analysis
● Dual-layer NG architecture is validated with SEM/TEM , Zeta potential reversal 

confirms successful layer by layer assembly. PDI showed uniform particle 
size distribution.

● Korsmeyer-peppas Kinetics release exponent (n) indicated super case II super 
transporter - explains that Curcumin release by the NG is by swelling and  
contraction rather than simple diffusion.

● Phase 3 formulation was optimized: Ethanol + Tween 80 as a solvent system 
for curcumin, pH of 5.5 to the chitosan mixture, 1000 RPM stirring speed for 
cross linking –maximizing ionic gelation and curcumin entrapment.



Conclusion & Significance 

● Optimization & Synthesis: High encapsulation efficiency was achieved by using 
EtOH/Tween 80 as the CUR solvent, maintaining chitosan solution pH of 5.5, and using 
1000 RPM for TPP cross-linking.

● Structural Characterization: SEM/TEM and PDI confirmed a uniform dual-layer 
architecture. Zeta potential reversal validated the successful dual-layer of the NG 
system

● Delivery Performance: Compared to single-layer NGs, the dual-layer reduced premature 
gastric release and significantly improved colonic CUR delivery

● Drug Release Kinetics: Korsmeyer-Peppas modeling revealed Super Case ll transport, 
confirming that the release is driven by pH-responsive swelling and relaxation.  

● The dual-layer chitosan-alginate NG effectively targets the colon



Future Works

● Implement microfluidic assisted synthesis to reduce the NG particle size
● Conduct NG cytotoxicity tests on HCT-116 CRC cell lines (MTT and 

Clonogenic Assays)
● Extend the research to include in vivo mouse studies
● Investigate cellular uptake efficiency of NG by HCT-116 cells using flow 

cytometry
● Understand internalization mechanisms using specific endocytosis 

inhibitors to identify the biological pathways of NG entry.



References
[1] A. Aghelinejad and N. Golshan Ebrahimi, “Investigation of delivery mechanism of curcumin loaded in a core of zein with a double-layer shell of chitosan and alginate,” 

Heliyon, vol. 10, no. 13, p. e33205, Jul. 2024, doi: 10.1016/j.heliyon.2024.e33205. 
[2] K. Madhusudana Rao, K. S. V. Krishna Rao, G. Ramanjaneyulu, and C.-S. Ha, “Curcumin encapsulated pH sensitive gelatin based interpenetrating polymeric network 

nanogels for anti cancer drug delivery,” Int. J. Pharm., vol. 478, no. 2, pp. 788–795, Jan. 2015, doi: 10.1016/j.ijpharm.2014.12.001. 
[3] Suryani, N. H. A. Halid, N. I. Akib, Rahmanpiu, and N. Mutmainnah, “Preparation of curcumin nanoparticle by using reinforcement ionic gelation technique,” presented 

at the NOVEL TRENDS IN RHEOLOGY VII, Zlín, Czech Republic, 2017, p. 020013. doi: 10.1063/1.4982185. 
[4] S. C. Gutiérrez-Ruíz et al., “Optimize the parameters for the synthesis by the ionic gelation technique, purification, and freeze-drying of chitosan-sodium tripolyphosphate 

nanoparticles for biomedical purposes,” J. Biol. Eng., vol. 18, no. 1, p. 12, Jan. 2024, doi: 10.1186/s13036-024-00403-w. 
[5] S. Jiang, C. P. Teng, W. C. Puah, M. Wasser, K. Y. Win, and M.-Y. Han, “Oral Administration and Selective Uptake of Polymeric Nanoparticles in Drosophila Larvae as 

an in Vivo Model,” ACS Biomater. Sci. Eng., vol. 1, no. 11, pp. 1077–1084, Nov. 2015, doi: 10.1021/acsbiomaterials.5b00163. 
[6] F. Bray et al., “Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries,” CA. Cancer J. Clin., vol. 74, 

no. 3, pp. 229–263, May 2024, doi: 10.3322/caac.21834. 
[7] T. S. Anirudhan, M. M. Anila, and S. Franklin, “Synthesis characterization and biological evaluation of alginate nanoparticle for the targeted delivery of curcumin,” 

Mater. Sci. Eng. C, vol. 78, pp. 1125–1134, Sep. 2017, doi: 10.1016/j.msec.2017.04.116. 
[8] The Second Hospital of Lanzhou University, Lanzhou, China et al., “Chitosan-Alginate Nanoparticles as a Novel Drug Delivery System for Nifedipine,” Int. J. Biomed. 

Sci., pp. 221–228, Sep. 2008, doi: 10.59566/IJBS.2008.4221. 
[9] S. Bensouiki et al., “Evaluation of Anti-inflammatory Activity and In Vitro Drug Release of Ibuprofen-Loaded Nanoparticles Based on Sodium Alginate and Chitosan,” 

Arab. J. Sci. Eng., vol. 45, no. 9, pp. 7599–7609, Sep. 2020, doi: 10.1007/s13369-020-04720-2. 
[10] K. E. Wong, S. C. Ngai, K.-G. Chan, L.-H. Lee, B.-H. Goh, and L.-H. Chuah, “Curcumin Nanoformulations for Colorectal Cancer: A Review,” Front. Pharmacol., vol. 

10, p. 152, Mar. 2019, doi: 10.3389/fphar.2019.00152. 
[11] “APC loss-induced intestinal tumorigenesis in Drosophila: Roles of Ras in Wnt signaling activation and tumor progression - ScienceDirect.” Accessed: Mar. 20, 2026. 

[Online]. Available: https://www.sciencedirect.com/science/article/pii/S0012160613001632?via%3Dihub 
[12] R. W. Korsmeyer, R. Gurny, E. Doelker, P. Buri, and N. A. Peppas, “Mechanisms of solute release from porous hydrophilic polymers,” Int. J. Pharm., vol. 15, no. 1, pp. 

25–35, May 1983, doi: 10.1016/0378-5173(83)90064-9. 
[13] Z. Jamalpoor, H. Ahmadi, M. Heydari, M. Abdouss, A. Rahdar, and A. M. Díez-Pascual, “Chitosan based niosomal hydrogel with polyethylene glycol and halloysite 

nanotubes for curcumin delivery,” J. Mol. Liq., vol. 401, p. 124640, May 2024, doi: 10.1016/j.molliq.2024.124640. 
[14] S. Fahimirad, H. Abtahi, P. Satei, E. Ghaznavi-Rad, M. Moslehi, and A. Ganji, “Wound healing performance of PCL/chitosan based electrospun nanofiber electrosprayed 

with curcumin loaded chitosan nanoparticles,” Carbohydr. Polym., vol. 259, p. 117640, May 2021, doi: 10.1016/j.carbpol.2021.117640. 
[15] A. A. Sable, A. Kunwar, and A. Barik, “Alginate and Chitosan-Based Delivery Systems for Improving the Bioavailability and Therapeutic Efficacy of Curcumin,” 

Pharmaceutics, vol. 16, no. 3, p. 423, Mar. 2024, doi: 10.3390/pharmaceutics16030423.

https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh
https://www.zotero.org/google-docs/?gEyzWh

