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In this investigation, curcumin niosomal nanoparticles were prepared via 
a simple, efficient and eco-friendly route, thin film hydration (TFH), in the 
presence of different mixture of the surfactants (tween 60 and span 60). 
Cholesterol ratio to surfactant, as effective factor, was altered to obtain the 
optimal nanoparticles. The size, zeta potential, size distribution, entrapment 
efficiency of the prepared nanoparticles were examined and compared. The 
optimum nanoparticles were chosen to examine the release from the dialysis 
membrane. Ratio of cholesterol to surfactant was found to have key and 
notable influence on the size, zeta potential, size distribution and entrapment 
efficiency of the prepared nanoparticles. The nanoparticles prepared with 
Formulations 3 and 5 as optimum nanoparticles were chosen to examine the 
release from the dialysis membrane. The results denoted that by increasing the 
ratio of cholesterol to surfactant, the rate of curcumin release was enhanced 
from the membrane. High quantities of cholesterol in the formulation 3, in 
addition to explosive release, can lead to slow release. 

INTRODUCTION
Curcumin is reported as a natural and 

harmless compound that possesses a polyphenolic 
hydrophobic structure and can be extracted from 
the rhizomes of Curcuma longa (1-3). Curcumin as 
effective drug has been reported for the treatment 
of diverse diseases. However, the delivery of this 
drug has associated with several challenges; owing 
to low water solubility, low bioavailability, chemical 
instability and fast metabolism. Accordingly, many 
attempts have been made to improve the drug 
delivery of this noteworthy drug. Niosomes have 
been presented as one of the most appropriate 
carriers to improve the delivery of curcumin (4-7). A 
variety of techniques like sonication, ether injection 
method, micro fluidization, thin film hydration 
technique and bubble method have been applied 
for the production of niosome nanoparticles (8-15). 
Use of thin film hydration technique for preparation 

of niosome nanoparticles has been regarded as a 
facile and efficient way. In this approach, surfactants 
as well as cholesterol are dissolved in an organic 
solvent at a round bottom flask. Afterward the 
thin layer is formed on the flask wall by removing 
organic solvent with rotary and vacuum. A solution 
like water or PBS is added, and the dried layer is re-
hydrated at a temperature higher than the transition 
temperature (Tc) of the surfactant. Niosomes are 
formed during hydration (10). 

   Till now variant methods have been applied 
to fabricate several kinds of the nanostructured 
compounds. However, the greatest interest is in 
green chemistry-based ways as a result of their 
affordability, nontoxicity, easiness and effectiveness 
(16-22).

   Here, curcumin niosomal nanoparticles were 
prepared through a simple, efficient and eco-
friendly route, thin film hydration (TFH), in the 
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of cholestrol to surfactant, the rate of curcumin 
release was enhanced from the membrane. High 
quantities of cholesterol in the formulation 3, in 
addition to explosive release, can lead to slow 
release. 

ACKNOWLEDGEMENTS
This research was financially supported by 

Mazandaran University of Medical Sciences.   

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 

manuscript.

REFERENCES
1.	 Dutta A, Boruah B, Saikia PM, Dutta RK. Stabilization of 

diketo tautomer of curcumin by premicellar cationic 
surfactants: a spectroscopic, tensiometric and TD-DFT 
study. J. Mol. Liq. 2013;187:350-358.

2.	 Rubagotti S, Croci S, Ferrari E, Orteca G, Iori M, Capponi 
PC, et al. Uptake of Ga-curcumin derivatives in different 
cancer cell lines: Toward the development of new 
potential 68Ga-labelled curcuminoids-based radiotracers 
for tumour imaging. J. Inorg. Biochem. 2017;173:113-119.

3.	 Sintov AC. Transdermal delivery of curcumin via 
microemulsion. Int. J. Pharm. 2015;481(1-2):97-103.

4.	 Mehanny M, Hathout RM, Geneidi AS, Mansour S. 

7 
 

 

 Fig. 7. FT-IR spectra of pure curcumin (a) and the nanoparticles prepared with Formulations 3 (b) and 5 (c)

http://dx.doi.org/10.1016/j.molliq.2013.09.005
http://dx.doi.org/10.1016/j.molliq.2013.09.005
http://dx.doi.org/10.1016/j.molliq.2013.09.005
http://dx.doi.org/10.1016/j.molliq.2013.09.005
http://dx.doi.org/10.1016/j.jinorgbio.2017.05.002
http://dx.doi.org/10.1016/j.jinorgbio.2017.05.002
http://dx.doi.org/10.1016/j.jinorgbio.2017.05.002
http://dx.doi.org/10.1016/j.jinorgbio.2017.05.002
http://dx.doi.org/10.1016/j.jinorgbio.2017.05.002
http://dx.doi.org/10.1016/j.ijpharm.2015.02.005
http://dx.doi.org/10.1016/j.ijpharm.2015.02.005
http://dx.doi.org/10.1016/j.jconrel.2016.01.018


790

Z. Zinatloo-Ajabshir et al. / Preparation and Characterization of Curcumin Niosomal Nanoparticles

J Nanostruct 9(4): 784-790, Autumn 2019

Exploring the use of nanocarrier systems to deliver 
the magical molecule; curcumin and its derivatives. J. 
Controlled Release. 2016;225:1-30.

5.	 Thangapazham RL, Sharad S, Maheshwari RK. Skin 
regenerative potentials of curcumin. Biofactors. 
2013;39(1):141-149.

6.	 Pardakhty A, Moazeni E. Nano-niosomes in drug, vaccine 
and gene delivery: a rapid overview. Nanomed. J. 
2013;1(1):1-12.

7.	 Steed JW, Turner DR, Wallace K. Core concepts in 
supramolecular chemistry and nanochemistry: John Wiley 
& Sons; 2007.

8.	 Verma S, Singh S, Syan N, Mathur P, Valecha V. 
Nanoparticle vesicular systems: a versatile tool for drug 
delivery. J. Chem. Pharm. Res. 2010;2(2):496-509.

9.	 Waddad AY, Abbad S, Yu F, Munyendo WL, Wang J, Lv H, et 
al. Formulation, characterization and pharmacokinetics of 
Morin hydrate niosomes prepared from various non-ionic 
surfactants. Int. J. Pharm. 2013;456(2):446-458.

10.	 Shilpa S, Srinivasan B, Chauhan M. Niosomes as vesicular 
carriers for delivery of proteins and biologicals. Int. J. Drug 
Deliv. 2011;3(1).

11.	 Shahiwala A, Misra A. Studies in topical application of 
niosomally entrapped nimesulide. J. Pharm. Pharm. Sci. 
2002;5(3):220-225.

12.	 Marwa A, Omaima S, Hanaa E-G, Mohammed A-S. 
Preparation and in-vitro evaluation of diclofenac 
sodium niosomal formulations. Int. J. Pharm. Sci. Res. 
2013;4(5):1757-1765.

13.	 Abdelkader H, Ismail S, Kamal A, Alany RG. Design and 
evaluation of controlled-release niosomes and discomes 
for naltrexone hydrochloride ocular delivery. J. Pharm. Sci. 
2011;100(5):1833-1846.

14.	 Kirby CJ, Gregoriadis G. A simple procedure for preparing 
liposomes capable of high encapsulation efficiency under 
mild conditions. Liposome technology. 1984;1:19-27.

15.	 Alam M, Zubair S, Farazuddin M, Ahmad E, Khan A, Zia Q, et 
al. Development, characterization and efficacy of niosomal 
diallyl disulfide in treatment of disseminated murine 
candidiasis. NANOMED-NANOTECHNOL. 2013;9(2):247-
256.

16.	 Zinatloo-Ajabshir S, Salehi Z, Amiri O, Salavati-Niasari 
M. Simple fabrication of Pr2Ce2O7 nanostructures via a 
new and eco-friendly route; a potential electrochemical 
hydrogen storage material. J. Alloys Compd. 2019;791:792-
799.

17.	 Afifeh MR, Ahmadpour A, Hamed Mosavian MT, Ayati A, F. 

Bamoharram F, Ahmadi Hekmatikar F. A green approach to 
the facile synthesis of colloidal platinum nanoparticles by 
Preyssler polyoxometalate. J. Nanostruct. 2019;9(2):249-
257.

18.	 Zinatloo-Ajabshir S, Morassaei MS, Salavati-Niasari M. 
Eco-friendly synthesis of Nd2Sn2O7–based nanostructure 
materials using grape juice as green fuel as photocatalyst 
for the degradation of erythrosine. Composites Part B. 
2019;167:643-653.

19.	 Ahmadi R, Shahbazi N. Hydrothermal Synthesis of an 
Ethiodol Based Ferrofluid as a Potential MRI Contrast 
Agent. J. Nanostruct. 2019;9(1):14-20.

20.	 Zinatloo-Ajabshir S, Morassaei MS, Salavati-Niasari 
M. Simple approach for the synthesis of Dy2Sn2O7 
nanostructures as a hydrogen storage material from 
banana juice. J. Clean. Prod. 2019;222:103-110.

21.	 Sarafraz S, Rafiee-Pour H-A, Khayatkashani M, Ebrahimi 
A. Electrochemical determination of gallic acid in Camellia 
sinensis, Viola odorata, Commiphora mukul, and Vitex 
agnus-castus by MWCNTs-COOH modified CPE. J. 
Nanostruct. 2019;9(2):384-395.

22.	 Zinatloo-Ajabshir S, Salehi Z, Salavati-Niasari M. Synthesis 
of dysprosium cerate nanostructures using Phoenix 
dactylifera extract as novel green fuel and investigation 
of their electrochemical hydrogen storage and Coulombic 
efficiency. J. Clean. Prod. 2019;215:480-487.

23.	 Balakrishnan P, Shanmugam S, Lee WS, Lee WM, Kim 
JO, Oh DH, et al. Formulation and in vitro assessment 
of minoxidil niosomes for enhanced skin delivery. Int. J. 
Pharm. 2009;377(1-2):1-8.

24.	 Firthouse PM, Halith SM, Wahab S, Sirajudeen M, 
Mohideen SK. Formulation and evaluation of miconazole 
niosomes. Int. J. Pharmtech. Res. 2011;3(2):1019-1022.

25.	 Mokhtar M, Sammour OA, Hammad MA, Megrab NA. 
Effect of some formulation parameters on flurbiprofen 
encapsulation and release rates of niosomes prepared 
from proniosomes. Int. J. Pharm. 2008;361(1-2):104-111.

http://dx.doi.org/10.1016/j.jconrel.2016.01.018
http://dx.doi.org/10.1016/j.jconrel.2016.01.018
http://dx.doi.org/10.1016/j.jconrel.2016.01.018
http://dx.doi.org/10.1002/biof.1078
http://dx.doi.org/10.1002/biof.1078
http://dx.doi.org/10.1002/biof.1078
http://dx.doi.org/10.4018/978-1-5225-1762-7.ch007
http://dx.doi.org/10.4018/978-1-5225-1762-7.ch007
http://dx.doi.org/10.4018/978-1-5225-1762-7.ch007
http://dx.doi.org/10.1021/ja0769853
http://dx.doi.org/10.1021/ja0769853
http://dx.doi.org/10.1021/ja0769853
http://dx.doi.org/10.1007/s11095-010-0141-7
http://dx.doi.org/10.1007/s11095-010-0141-7
http://dx.doi.org/10.1007/s11095-010-0141-7
http://dx.doi.org/10.1016/j.ijpharm.2013.08.040
http://dx.doi.org/10.1016/j.ijpharm.2013.08.040
http://dx.doi.org/10.1016/j.ijpharm.2013.08.040
http://dx.doi.org/10.1016/j.ijpharm.2013.08.040
http://dx.doi.org/10.5138/ijdd.2010.0975.0215.03050
http://dx.doi.org/10.5138/ijdd.2010.0975.0215.03050
http://dx.doi.org/10.5138/ijdd.2010.0975.0215.03050
https://pubmed.ncbi.nlm.nih.gov/12553889/
https://pubmed.ncbi.nlm.nih.gov/12553889/
https://pubmed.ncbi.nlm.nih.gov/12553889/
http://dx.doi.org/10.1166/jbns.2017.1486
http://dx.doi.org/10.1166/jbns.2017.1486
http://dx.doi.org/10.1166/jbns.2017.1486
http://dx.doi.org/10.1166/jbns.2017.1486
http://dx.doi.org/10.1002/jps.22422
http://dx.doi.org/10.1002/jps.22422
http://dx.doi.org/10.1002/jps.22422
http://dx.doi.org/10.1002/jps.22422
http://dx.doi.org/10.1201/9781351074100-2
http://dx.doi.org/10.1201/9781351074100-2
http://dx.doi.org/10.1201/9781351074100-2
http://dx.doi.org/10.1016/j.nano.2012.07.004
http://dx.doi.org/10.1016/j.nano.2012.07.004
http://dx.doi.org/10.1016/j.nano.2012.07.004
http://dx.doi.org/10.1016/j.nano.2012.07.004
http://dx.doi.org/10.1016/j.nano.2012.07.004
http://dx.doi.org/10.1016/j.jallcom.2019.04.005
http://dx.doi.org/10.1016/j.jallcom.2019.04.005
http://dx.doi.org/10.1016/j.jallcom.2019.04.005
http://dx.doi.org/10.1016/j.jallcom.2019.04.005
http://dx.doi.org/10.1016/j.jallcom.2019.04.005
http://jns.kashanu.ac.ir/article_88807.html
http://jns.kashanu.ac.ir/article_88807.html
http://jns.kashanu.ac.ir/article_88807.html
http://jns.kashanu.ac.ir/article_88807.html
http://jns.kashanu.ac.ir/article_88807.html
http://dx.doi.org/10.1016/j.compositesb.2019.03.045
http://dx.doi.org/10.1016/j.compositesb.2019.03.045
http://dx.doi.org/10.1016/j.compositesb.2019.03.045
http://dx.doi.org/10.1016/j.compositesb.2019.03.045
http://dx.doi.org/10.1016/j.compositesb.2019.03.045
http://jns.kashanu.ac.ir/article_87890.html
http://jns.kashanu.ac.ir/article_87890.html
http://jns.kashanu.ac.ir/article_87890.html
http://dx.doi.org/10.1016/j.jclepro.2019.03.023
http://dx.doi.org/10.1016/j.jclepro.2019.03.023
http://dx.doi.org/10.1016/j.jclepro.2019.03.023
http://dx.doi.org/10.1016/j.jclepro.2019.03.023
http://jns.kashanu.ac.ir/article_88821.html
http://jns.kashanu.ac.ir/article_88821.html
http://jns.kashanu.ac.ir/article_88821.html
http://jns.kashanu.ac.ir/article_88821.html
http://jns.kashanu.ac.ir/article_88821.html
http://dx.doi.org/10.1016/j.jclepro.2019.01.026
http://dx.doi.org/10.1016/j.jclepro.2019.01.026
http://dx.doi.org/10.1016/j.jclepro.2019.01.026
http://dx.doi.org/10.1016/j.jclepro.2019.01.026
http://dx.doi.org/10.1016/j.jclepro.2019.01.026
http://dx.doi.org/10.1016/j.ijpharm.2009.04.020
http://dx.doi.org/10.1016/j.ijpharm.2009.04.020
http://dx.doi.org/10.1016/j.ijpharm.2009.04.020
http://dx.doi.org/10.1016/j.ijpharm.2009.04.020
http://dx.doi.org/10.4103/0973-8398.49171
http://dx.doi.org/10.4103/0973-8398.49171
http://dx.doi.org/10.4103/0973-8398.49171
http://dx.doi.org/10.1016/j.ijpharm.2008.05.031
http://dx.doi.org/10.1016/j.ijpharm.2008.05.031
http://dx.doi.org/10.1016/j.ijpharm.2008.05.031
http://dx.doi.org/10.1016/j.ijpharm.2008.05.031

