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Evaluation of antioxidant and anti-cancer properties of curcumin /
beta- and gamma-cyclodextrin complexes modified with chitosan
nanoparticles on lung cancer cell A549
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Abstract. The aim of this study was to investigate the interaction modification of curcumin complex molecule (CUR)
in beta- and gamma-cyclodextrin (B-CD and y-CD) carriers with chitosan (CS) nanoparticles for targeted drug delivery
and to compare their performance. The targeted drug delivery system includes the therapeutic agent of the CS
nanoparticles targeting section of the same drug and the CD carrier system. Calculations of the relationships of the
formation of modified complexes and their application were performed using UV-vis spectroscopic data analysis. In
this study, spectroscopic spectrum diagrams were drawn to prove the optimization of molecular structure in the
modified complexes. Data analysis was performed using their respective equations. The cationic polysaccharide CS,
with the presence of amino agents and alcohols along the polysaccharide chains, enables it to form a covalent bond with
the complexes and increase the solubility of cyclodextrin. CS nanoparticles strengthen the hydrogen bond by hydrogen
bonding and van der Waals hydrogen interactions of the hydroxyl cyclodextrin group with the hydroxyl phenolic group
of the drug molecule CUR. Modification of the y-CD complex with CS shows the strongest interaction with CUR. Both
CUR complexes are in the CD-CS host system to transfer the charge from the drug to the carrier and the therapeutic
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agent. CS nanoparticles have the property of targeted delivery systems for anticancer drugs because the CS external
field can be used to direct the drug to specific target cells. The y-CD-CS host system is the best host as a carrier and
therapeutic agent for CUR due to its high solubility and strong interaction.
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Figure 1. UV-vis absorption spectra for pure f-CD, free CUR at 418 nm, CUR/B-CD complex, pure CS1% and
modified CUR/B-CD-CS complex at 424 nm.
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Figure 2. Pure UV-vis absorption spectra of pure y-CD, free CUR at 418 nm, CUR/y-CD complex, pure CS1% and
CUR/y-CD-CS modified complex at 423 nm.

0/9
0/8
0/7
0/6
0/5
0/4
0/3
0/2
0/1

0

Transmittance [%o]

| — 6 T[%] CUR/B-CD-CS
—5T [%] CS 1%-$-CD
——4T[%] CS

——3T [%] CUR/B-CD

5 —2T [%] p-CD

400 900 1400 1900 2400 2900 3400 3900— 1 T[%] CUR

Wavenumber cm-1

CUR/B-CD-CS ouis ol 5SS  B-CD-CS (ol CS .CUR/B-CD ,oSLoS ¢ alls B-CD ol CUR (61, FTIR (glacads Y Jsis
Figure 3. FTIR spectra for free CUR, pure B-CD, CUR/B-CD complex, pure CS, f-CD-CS and CUR/B-CD-CS

modified complex.
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Figure 7. Test for release of CUR/B-CD drug by CS nanoparticles at pH = 6.7 and pH = 3.4.
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Figure 8. Test for release of CUR /y-CD by CS nanoparticles at pH = 5.6 and pH = 2.3.
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Figure 9. Evaluation of anti-cancer properties of CUR, CUR/B-CD and CUR/B-CD-CS on A549 cells by MTT assay.
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Figure 10. Evaluation of anti-cancer properties of CUR, CUR/y-CD and CUR /y-CD-CS on A549 cells by MTT assay.

92/4Y


http://dx.doi.org/10.52547/nbr.8.2.84
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.3.4
https://nbr.khu.ac.ir/article-1-3397-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-18 ]

[ DOR: 20.1001.1.24236330.1400.8.2.3.4 ]

[ DOI: 10.52547/nbr.8.2.84 |

Alizadeh and Malakzadeh. Evaluation of antioxidant and anti-cancer properties

o 2ol (sloSIeS ST T olys oy 005 o 5 00l3le

REFERENCES

Aadinath, W., Anu, B. & Anandharamakrishnan, C.
2016. Synergistic radical scavenging potency of
curcumin-in-f-cyclodextrin-in nanomagnetoliposomes.
Materials Science and Engineering doi:
10.1016/j.msec.2016.03.095.

Anirudhan, H.S., Divya, N.L. & Nima, J. 2015.
Synthesis and characterization of novel drug delivery
system using modified chitosan based hydrogel grafted
with cyclodextrin. Chemical Engineering Journal doi:
http://dx.doi.org/10.1016/j.cej.2015.09.05.

Ansari, M.J., Ahmed, M.M., Fatima, F., Anwer, M.K.,
Jamil, S., Al-Shdefat, R. & Be, A. 2014. Solubility
and stability enhancement of curcumin through
cyclodextrin complexation. International Journal of
Biology Pharmacy and Allied Sciences 3: 2668-2675.

Berwin Singh, S.V. 2013. Water Soluble Complexes of
curcumin and hydroxypropyl cyclodextrins:
preparation and characterization. Medical Science and
Technology 1: 1-61.

Chirio, D., Gallarate, M., Trotta, M., Eugenia Carlotti,
M., Calcio Gaudino, E. & Cravotto, G. 2009.
Influence of o- and y- cyclodextrin lipophilic
derivatives on curcumin-loaded SLN. Journal Inclusion
Phenomena Macrocyclic Chemistry 65: 391-402.

Darandale, S.S. & Vavia, P.R. 2012. Cyclodextrin-based
nanosponges  of  curcumin: formulation and
physicochemical characterization. Journal Inclusion
Phenomena Macrocyclic Chemistry 74: 145-151.

Dhule, S.S., Penfornis, P., Frazier, T., Walker, R.,
Feldman, J., Tan, G., He, J., Alb, A., John V. &
Pochampally, R. 2012, Curcumin-loaded -
cyclodextrin liposomal nanoparticles as delivery
vehicles for osteosarcoma. Nanomedicine:
Nanotechnology, Biology and Medicine 8: 440-451.

Dutta A.K. & Ikiki, E. 2013. Novel Drug Delivery
Systems to Improve Bioavailability of Curcumin.
Journal Bioequivalence & Bioavailability 6: 1-9.

Gautam, S. Karmakar, S., Bose, A. & Chowdhury, P.K.
2014. B-Cyclodextrin and curcumin a potent cocktail
for disaggregating/inhibiting amyloids: A case study
with a-synuclein. Biochemistry 4: 4081-4083.

Ghanghoria, R., Kesharwani, P., Bharat Agashe, H. &
Jain, N.K. 2013. Transdermal delivery of cyclodextrin-
solubilized curcumin. Drug Delivery and Transdermal
Research 3: 272-285.

Jahed, V., Zarrabi, A., Bordbar, A. & Hafezi, M.S.
2014. NMR (1H, ROESY) spectroscopic and
molecular modelling investigations of supramolecular
complex of p-cyclodextrin and curcumin. Food
Chemistry 165: 241-246.

Jantarat, Ch., Sirathanarun, P., Ratanapongsai, Sh.,
Watcharakan, P., Sunyapong, S. & Wadu, A. 2014.
Curcumin-Hydroxypropyl-B-Cyclodextrin  inclusion
complex preparation methods: effect of common
solvent evaporation, freeze drying, and pH shift on
solubility and stability of curcumin. Journal of
Pharmaceutical Research 13: 1215-1223.

Jinxia, L., Huizhi, Z., Yanyan, Y. & Shumao, S. 2016.
Study of the inclusion complex and antioxidating
activity of wogonin with B-cyclodextrin  and

S 25 A

G iSeey 5 Figiep sladisy ahuly 4 CS oldsl
Lo locn SoglSon JouSg e 095 gy ulgyaly
Ngy gl CUR (og)ls oS0 Slgid 09,5 JouSg 0
CUR sl pShaS 0)356 93 p0 j0 a5 oa J1 80 (359,000
Sy ole 5 Jal 4y 5yl 51,k il g WCD-CS
aedan e o eanSEMel 0pl5 CS wldgl el
)3l S98 Sam g 1pj )ls |y b jwas (slag)ls
S50 Sao sl sl Cuo 4 g)ls Sulaa sl Glgie 1, CS
L V-CD uShaaS ol mls o cnlply ol 13 colail
Ol easSysS ol b 1) S (nissd CS o3l
4 y-CD-CS «l)dgil oais 2ol b azeid j0 003 0
4 oliiee Gt OF 698 GRS e 5 iy Sl olml o
Cal CUR (555 gl sloys Jule 5 Jol> lgie

&3 Sl
oBails ayly pole 0aSails cands 09,5 Culax 5 (5, Sen
Sopd 5 Sis LS oKl s sy 5 LS

235 oo

93/4y


http://dx.doi.org/10.52547/nbr.8.2.84
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.3.4
https://nbr.khu.ac.ir/article-1-3397-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-18 ]

[ DOR: 20.1001.1.24236330.1400.8.2.3.4 ]

[ DOI: 10.52547/nbr.8.2.84 |

Nova Biologica Reperta 8(2): 84-94 (2021)

hydroxypropyl-cyclodextrin. Journal Inclusion Phenomena
Macrocyclic Chemistry 84: 115-120.

Kazemi, F., Zaraghami, N., Fekri aval, S. &
Monfaredan, A. 2011. B-Cyclodextrin—curcumin
complex inhibit telomerase gene expression in T47-D
breast cancer cell line. African Journal Biotechnology
10: 19481-19488.

Khalil, S.K.H., El-Feky, G.S., El-Bannaa, S.T. &
Khalil, W.A. 2012. Preparation and evaluation of
warfarin-B-cyclodextrin loaded chitosan nanoparticles
for transdermal delivery. Carbohydrate Polymers 90:
1244-1250.

Krishna Mohan, P.R., Sreelakshmi, G.,
Muraleedharan, C.V. & Joseph, R. 2012. Water
soluble complexes of curcumin with cyclodextrins:
Characterization by  FT-Raman  spectroscopy.
Vibrational Spectroscopy 62: 77-84.

Ma, M., Sun, T., Xing, P., Li, Z., Li, S., Su, J., Chua,
X. & Hao, A. 2014. A supramolecular curcumin
vesicle and its application in controlling curcumin
release. Colloids and Surfaces A: Physicochemical
and Engineering Aspects. doi:
http://dx.doi.org/10.1016/j.colsurfa.2014.06.043.

Mangolim, C.S., Moriwaki, C., Nogueira, A.C., Sato,
F., Baesso, M.L., Neto, A.M. & Matioli, G. 2014.
Curcumin—p-cyclodextrin inclusion complex:
Stability, solubility, characterisation by FT-IR, FT-
Raman, X-ray diffraction and photoacoustic
spectroscopy and food application. Food Chemistry
153:361-370.

Mashhadi Akbar Boojar, M. 2019. A study on the
targeting of ceramide metabolism by (-)-epicatechin
gallate, catechin and quercetin in A-549 lung cancer
cell line. Nova Biologica Reperta 6: 275-283.

Moussa, Z., Hmadeh, M., Abiad, M.G., Dib, O. &
Patra, D. 2016. Encapsulation of curcumin in
cyclodextrin-metal organic frameworks: Dissociation
of loaded CD-MOFs enhances stability of curcumin.
Food Chemistry 212: 485-494.

Paramera, E.I., Konteles, S.J. & Karathanos, V.T.
2011. Stability and release properties of curcumin
encapsulated in saccharomyces cerevisiae [-
cyclodextrin and modified starch. Food Chemistry
125:913-922.

Popat, A. Karmakar, S., Jambhrunkar, S., Xu, C. &
Yu, C. 2014. Curcumin-cyclodextrin encapsulated
chitosan nanoconjugates with enhanced solubility and

OF ) AF-AF ¥ o Lot h alo o s pole ) cngi sloasily

cell cytotoxicity. Colloids and Surfaces B:
Biointerfaces 117: 520-527.

Rachmawati, H., Edityaningrum, C.A. & Mauludin,
R. 2013. Molecular inclusion complex of curcumin—
B-cyclodextrin nanoparticle to enhance curcumin skin
permeability from hydrophilic matrix gel. AAPS
Pharmaceutic Science Technology 14: 1303-1312.

Rocks, N., Bekaert, S., Coia, I., Paulissen, G.,
Gueders, M., Evrard, B., Van Heugen, J.C., Chiap,
P., Foidart, J.M., Noel, A. & Cataldo, D. 2012.
Curcumin—cyclodextrin complexes potentiate
gemcitabine effects in an orthotopic mouse model of
lung cancer. British Journal of Cancer 107: 1083-
1092.

Szente, L., Mikuni, K., Hashimoto, H. & Szejtli, J.
1998. Stabilization and solubilization of lipophilic
natural colorants with cyclodextrin. Journal of
Inclusion Phenomena and Molecular Recognition in
Chemistry 32: 81-89.

Vivek, R.Y., Sarasija, S., Kshama, D. & Seema, Y.
2009. Effect of cyclodextrin complexation of
curcumin on its solubility and antiangiogenic and
anti-inflammatory activity in rat colitis model. AAPS
Pharmaceutic Science Technology 10: 752-762.

Wang, C., Huang, L., Song, S., Saif, B., Dong, Ch. &
Shuang, S. 2015 Targeted delivery and pH-
responsive release of stereoisomeric anti-cancer drugs
using B-cyclodextrin assemblied Fe304 nanoparticles.
Applied Surface Science.
doi: http://dx.doi.org/10.1016/j.apsusc.2015.09.189.

Wu, J., Shen, Q. & Fang, L. 2013. Sulfobutylether-§3-
cyclodextrin/chitosan nanoparticles enhance the oral
permeability and bioavailability of docetaxel. Drug
Development and Industrial Pharmacy 39: 1010-1019.

Yallapu, M.M., Jaggi, M. & Chauhan, S.C. 2010. B-
Cyclodextrin—curcumin  self-assembly ~ enhances
curcumin delivery in prostate cancer cells. Colloids
Surf B: Biointerfaces 79: 113-125.

Zaibunnisa, A.H., Norashikin, S., Mamot, S. &
Osman, H. 2009. Stability of curcumin in turmeric
oleoresin-B-cyclodextrin inclusion complex during
storage. Malaysian Journal of Analytical Sciences 13:
165-169.

Zhang, L., Man, Sh., Qiu, H., Liu, Zh., Zhang, M., Ma, L.
& Gao, W. 2016. Curcumin-cyclodextrin complexes
enhanced the anti-cancer effects of curcumin.
Environmental Toxicology and Pharmacology. doi:
http://dx.doi.org/doi: 10.1016/j.etap.2016.09.021.

sk sk

How to cite this article:

Alizadeh, N. & Malakzadeh, Sh. 2021. Evaluation of antioxidant and anti-cancer properties of curcumin / beta- and
gamma-cyclodextrin complexes modified with chitosan nanoparticles on lung cancer cell A549. Nova Biologica

Reperta 8: 84-94. (In Persian).

S5 L ot ol eSS bl 5 Ly JirmosS 5 slo eSheaS o yor s g eS| 5T olys oy VFe e b codljSho g .y cooljule
AF-AF A s pole ;0 g slaaisl ASAT w) by Jobs 03, (535 » oolgS 2y

94/4¥


http://dx.doi.org/10.52547/nbr.8.2.84
https://dor.isc.ac/dor/20.1001.1.24236330.1400.8.2.3.4
https://nbr.khu.ac.ir/article-1-3397-en.html
http://www.tcpdf.org

