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A B S T R A C T 

Introduction 

 

Curcumin is considered a magical nutraceutical molecule, which has 

been found to exert anticancer activity mainly via apoptotic and anti-

metastatic mechanisms [1, 2]. Its efficacy was demonstrated in several 

cancer types, such as lung cancer, breast cancer, prostate cancer, colon 

cancer, in addition to others [3, 4]. Several nanoparticle types were 

reported to enhance or preserve the anticancer activity of drugs, owing 

to their ability to enhance cancer cell uptake by their nanometer size [5-

8]. From the promising nanoparticle types are microemulsions, which 

are composed of oil, water and surfactant/cosurfactant mixture [9-11]. 

They differ from the conventional nanoemulsions is that they are 

isotropic systems of small nanometer size (from 10-100 nm) which are 

formed spontaneously upon addition of an aqueous phase [12]. This 

small size is advantageous since it will allow better uptake by the cancer 

cells, allowing the drug to exert its cytotoxic action. A water-dilutable 

microemulsion based on oleic acid as oil and tween 20 as surfactant was 

developed by Deng et al., 2015, and till current date, its efficacy was 

only tested when loaded with antibiotics [13, 14]. Therefore, in the 

current manuscript, a very small sized microemulsion was prepared and 

loaded with curcumin, in order to test the potential of its use as an 

anticancer delivery system. 

 

 

 

The aim of the current work was to elucidate whether the encapsulation of curcumin in nanoparticles (of 

microemulsion type) would allow its exertion of anticancer activity on several cancer cell lines or not. 

Curcumin microemulsion was prepared using the water dilution method, in which oleic acid constituted the 

oily phase, and tween 20, ethanol constituted the surfactant and cosurfactant respectively. The 

microemulsion was tested for its particle size, charge, morphology using transmission electron microscopy, 

in vitro curcumin release, stability and anticancer activity on HCT-116 colon cancer line, A549 lung cancer 

cell line, and PC3 prostate cancer cell line. The safety of the formulation was tested on fibroblasts cell line. 

Results revealed that curcumin microemulsion was successfully prepared with a particle size of 11.45±0.21 

nm, and a negative charge of -9.07 mV, and it was able to sustain the release of drug for 24 hours with a 

cumulative percent released of 66.72%. Its spherical morphology was confirmed using transmission electron 

microscopy. No significant changes in particle size or charge were observed upon storage, suggesting the 

physical stability of the microemulsion. Curcumin microemulsion was proven safe on the normal fibroblasts 

cell line, and it preserved the anticancer activity of curcumin against A549, HCT116, and PC3 cell lines. 

Results of this study delineate that microemulsion is a suitable nanodelivery system for curcumin, which 

needs to be tested on animal tumor models for verification of the anticancer properties in vivo. 
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Materials and methods 

 

Materials 

 

Curcumin, oleic acid, tween 20, absolute ethanol, disodium hydrogen 

phosphate, potassium dihydrogen phosphate, glucose, DMSO, 

phosphate buffer saline, MTT dye and dialysis membrane (molecular 

weight cut off 12000-14000) were purchased from Sigma Aldrich Co., 

USA. Fetal bovine serum, DMEM, RPMI-1640, HEPES buffer solution, 

L-glutamine, penicillin, streptomycin and 0.25% trypsin-EDTA were 

purchased from Lonza, Belgium.  

 

Preparation of curcumin microemulsion 

 

The curcumin-loaded microemulsion was prepared by water dilution, in 

which 50 mg curcumin was dispersed in a mixture composed of 4.1 ml 

tween 20, 0.28 ml oleic acid and 0.32 ml ethanol, and stirred using a 

magnetic stirrer [9, 10]. The mixture was titrated up to 10-gram water 

dropwise till the formation of an oil in water microemulsion loaded with 

curcumin. 

 

Determination of the particle size and charge of curcumin 

microemulsion  

 

The particle size and charge of the prepared curcumin microemulsion 

was measured using the Zetasizer device (model ZS3600, Malvern, UK). 

 

Transmission electron microscopy of the prepared 

microemulsion 

 

The prepared curcumin microemulsion was visualized using 

transmission electron microscopy without using a stain, after being dried 

on a carbon-coated grid (VERSA 3D, USA). 

 

In vitro release of curcumin from the prepared microemulsion 

 

The release of curcumin from the microemulsion was performed using 

membrane dialysis [15-17]. One ml of curcumin microemulsion was 

placed in a cylinder and attached to the shaft of USP dissolution 

apparatus (Pharma Test, Germany). The shaft was rotated at 50 rpm and 

37°C, and the release medium was 200 ml phosphate buffer pH 7.4 

containing 2% tween 20 to ensure sink conditions for curcumin. Three 

ml samples were taken from the release medium at definite time intervals 

(0.25, 0.5, 1, 2, 3, 4, 6, 24 hours), and the amount of curcumin released 

was measured spectrophotometrically at wavelength 424 nm (SPUV 

UV/VIS double beam spectrophotometer, SCO TECH, Germany). 

 

Assessment of the storage stability of curcumin microemulsion 

 

The properties of the Nano emulsion (particle size and charge) were re-

measured after 3 months storage at room temperature, to assess the 

stability of the prepared formulation [5]. 

 

Evaluation of the cytotoxicity of curcumin microemulsion in 

anticancer cell lines 

 

The cell lines under investigation were human lung epithelial carcinoma 

(A549) ATCC No. CCL-185, human prostate adenocarcinoma (PC-3) 

ATCC® CRL-1435, human colorectal carcinoma (HCT 116) ATCC No. 

CCL-247 and normal skin cells (fibroblasts). All cells were cultured in 

DMEM high glucose medium except for PC-3 cells which were grown 

in RPMI 1640 medium. Both media were supplemented with 10% heated 

fetal bovine serum, 1% of 2 Mm L-glutamine, 50 IU/ml penicillin and 

50 µg/ml streptomycin. According to the cell’s growth profile, cells were 

seeded with a density of 7000 cell/well, while fibroblast cells seeding 

density was 10000 cell/well. Cell viability was determined by trypan 

blue exclusion using a hemocytometer for the cytotoxicity assay, cells 

were washed three times with phosphate buffer saline (PBS). PBS was 

decanted and cells detached with 0.025% trypsin-EDTA. Media was 

added to a volume of 10 ml. The cell suspension was centrifuged at 1000 

rpm for 10 minutes and the pellet was resuspended in 10 ml medium. 

After re-checking cellular viability, the cell suspension was diluted to 

provide the optimal seeding density and 100 µl of the cell suspension 

was placed in a 96 well plate. Cells were cultured at 37°C in a humidified 

atmosphere of 5% CO2. After 24 hours the cells were treated with 

different concentrations of curcumin microemulsion. Serial dilutions 

were made and 100 µL of each concentration was added to the cells and 

incubated for 72 hours. At the end of the exposure time, cell growth was 

analyzed using the MTT assay, in which 15 µl of MTT stock solution (5 

mg/ml in sterile PBS pH 7.4) was added to each well. After the cells 

were incubated for 3 h in the presence of MTT, 100 µl of solubilizing 

stop solution was added to each well to solubilize the dark violet 

formazan crystals. The optical densities at 570 nm were then measured 

using a micro plate reader (Biotek, US). The results were expressed as a 

percentage of cell viability with respect to a control corresponding to 

untreated cells according to the following equation: 

Viability % = 
𝑂𝐷𝑡

𝑂𝐷𝑐
  X 100% 

in which ODt and ODc is the optical density of the treated and untreated 

cells respectively. The IC50 value (the concentration causing 50% 

cellular death) was calculated.  

 

Statistical analysis 

 

Measurements were done in triplicate and reported as mean±S.D. T-test 

was performed using Graphpad® Instat software, at significance of 

P≤0.05. The IC50 values were calculated using Graphpad Prism software 

(San Diego, CA. USA) 

 

Results  

 

Measurement of particle size and charge of curcumin 

microemulsion 

 

As shown in (Figure 1), curcumin microemulsion displayed a small 

particle size of 11.45±0.21 nm and a charge of -9.07 mV. 

 

TEM examination of the curcumin microoemulsion  

 

As shown in (Figure 2), the curcumin microemulsion displayed 

homogenous non-aggregated spherical droplets, concurring with the 

small particle size obtained with the Zetasizer.  
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Figure 1: The particle size and charge of curcumin microemulsion freshly prepared and after storage for 3 months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: TEM micrograph of curcumin microemulsion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The cumulative percent released of curcumin from the microemulsion over 24 hours. 

Stability of curcumin microemulsion 

As shown in (Figure 1), no significant changes occurred to the particle size or charge of the prepared curcumin microemulsion after storage for 3 months 

(P>0.05). 
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In vitro release of curcumin from the microemulsion 

 

As displayed in (Figure 3), a sustained release of curcumin was achieved 

over 24 hours from the microemulsion, reaching a percentage of 

66.72%±0.83 after 24 hours. 

 

Evaluation of cytotoxicity of curcumin microemulsion in A549, 

PC3 and HCT-116 cancer cell lines as well as the normal 

fibroblasts cell line 

 

The cytotoxicity of curcumin microemulsion was tested in fibroblasts 

cell line to assess the safety of the formulation. No IC50 value was 

obtained in case of fibroblasts and cells displayed high viability 

percentages at all tested concentrations. Regarding the cancer cell lines, 

(Table 1) shows the IC50 values for curcumin obtained for the lung 

cancer A549, prostate cancer PC3, and colon cancer HCT 116 cell lines, 

compared with the values reported in the literature [18-20]. No statistical 

significance was found in the IC50 values of the curcumin and the 

curcumin microemulsion (P>0.05).  

 

Table 1: IC50 values (µg/ml) for curcumin versus curcumin 

microemulsion on A549, PC3 and HCT116 cell lines 

 Curcumin 

microemulsion 

Curcumin 

A549 cells 4.38±3.54 6.69±0.08 

HCT 116 cells 7.61±0.13 3.25±2.73 

PC3 cells 158.77±84.93 140.06±40.62 

 

Discussion 

 

Curcumin microemulsion was successfully prepared using the water 

dilution method. Owing to the surfactant and cosurfactant content of the 

microemulsion, it was reported to exhibit very small particle size. The 

negative charge exhibited by the microemulsion could be ascribed to the 

presence of ethanol and oleic acid [21, 22]. Neither the particle size nor 

the charge was changed after 3 months storage, which indicated the 

stability of the microemulsion system. Curcumin microemulsion 

displayed sustained release for curcumin over a period of 24 hours. This 

property is of particular benefit in the treatment of cancer, since a 

reservoir of curcumin can be created inside the cancer cells after 

endocytosis of the microemulsion, which would be released over time.  

 

When tested on fibroblasts, curcumin microemulsion demonstrated 

considerable safety, as concluded from the high viability percentage for 

the cells at all tested concentrations. As seen from the IC50 results, the 

curcumin microemulsion preserved the anticancer activity of the 

curcumin on the lung, prostate and colon cancer cell lines, suggesting its 

suitability for further animal experimentation. Encapsulation of drugs 

within nanoparticles was reported to enhance the entry of drugs within 

tumor tissues in vivo by the enhanced retention and permeation effect 

(EPR) [8]. Curcumin was reported to exert its anticancer effects by 

different mechanisms, such as the inhibition of the STAT3 and NF-kB 

signaling pathways which play important roles in the cancer 

development and progression, leading to apoptotic and anti-angiogenic 

actions on cancer cells [23]. The encapsulation of curcumin in 

microemulsion nanoparticles sustained its release and preserved its 

cytotoxic activity on cell lines, which delineates the prepared 

formulation as a promising cancer treatment modality.  

 

Conclusion 

 

A current research focus is the exploration of the properties of natural 

molecules for treatment of serious diseases such as cancer. In the current 

study, novel nanoparticulate system was prepared and characterized to 

create a suitable delivery means for curcumin. Futuristic work will 

include testing the prepared formulation on tumor bearing animal models 

to validate its therapeutic efficacy in vivo. 
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