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Abstract: Curcumin is a natural phenolic compound extracted from the plant Curcuma 

longa L. In previous studies, curcumin has been shown to have anticancer, antioxidant, and anti-

inflammatory effects. In this study, the cytotoxicity of different concentrations (5, 10, 25, 50, 

75, and 100 µM) of curcumin dissolved in dimethyl sulfoxide was compared between MG-63 

osteosarcoma and healthy human osteoblast cells. Consequently, the viability of osteosarcoma 

cells was less than 50% at a concentration of 10 µM compared to the control sample without 

curcumin, but healthy osteoblast cells had at least 80% viability throughout all the concentra-

tions tested. The results demonstrated that MG-63 osteosarcoma cells were much more sensitive 

in terms of cytotoxicity to curcumin, while the healthy human osteoblasts exhibited a higher 

healthy viability after 24 hours of curcumin treatment. Therefore, this study showed that at the 

right concentrations (5 µM to 25 µM), curcumin, along with a proper nanoparticle drug delivery 

carrier, may selectively kill bone cancer cells over healthy bone cells.
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Introduction
Osteosarcoma is the most frequent primary bone cancer today, and exhibits cancerous 

osteoblastic differentiation and malignant osteoid.1 It originally arises from primitive 

transformed mesenchymal cells, and mostly occurs at the end of long bones, such as 

the knee, hip, and shoulder. There are about 800 cases of osteosarcoma each year in 

the United States. The survival rate of patients highly affected by osteosarcoma has 

been 60% to 75% for over a decade.2 At present, the most commonly used therapy for 

osteosarcoma is a treatment cycle that consists of preoperative chemotherapy, a tumor 

amputation or limb salvage procedure, and postoperative chemotherapy. However, the 

drugs used for chemotherapy (such as doxorubicin and cisplatin) induce high toxicity 

on both tumorous and normal tissues, causing significant side effects such as anemia, 

neutropenia, thrombocytopenia, and heart damage, which may decrease the survival 

rate of osteosarcoma patients.3 It is clear that we need a new approach for the treat-

ment of bone cancer, one in which osteosarcoma cells are killed selectively without 

affecting healthy bone cell viability.

Curcumin (or diferuloylmethane) is an orange-yellow phenolic compound extracted 

from the natural plant Curcuma longa L. In some previous studies, it has been shown 

to have significant anticancer, antioxidant, and anti-inflammatory effects.4 Curcumin 

has been shown to have an inhibitory effect on NF-κB. This is important because the 

activation of NF-κB in tumor cells is relatively higher than normal cells and is respon-

sible for the development of carcinogenesis, such as antiapoptotic genes, metastasis, 
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tumor promotion, and malignancy. However, as a result of 

the treatment of curcumin, NF-κB tends to maintain bonding 

with IκB (inhibitor of NF-κB), since curcumin hinders the 

phosphorylation and degradation of IκBα. Therefore, the 

inactivated NF-κB/IκB complex is kept in the cytoplasm, 

and is not able to enter the nucleus. Consequently, the 

carcinogenesis-related expression of genetic products of 

NF-κB, including cyclin D1, COX-2, and Bcl-2, is down-

regulated by curcumin in various tumor cells.5 In fact, Zheng 

et al reported that curcumin could induce cell cycle arrest 

and apoptosis of melanoma cell lines A375 and MeWo in 

response to down-regulation of NF-κB and increased levels 

of the p53 tumor suppressor protein.6

In a previous study, Jin et al demonstrated that curcumin 

in different concentrations (5, 10, 25, 50, 75, and 100 µM) 

led to apoptosis (or programmed cell death) of U2OS 

osteosarcoma cells for different time periods (6, 12, 24, 

and 36 hours), showing that curcumin induces apoptosis of 

U2OS cells by a time- and concentration-dependent manner 

in vitro; also, the curcumin-treated cancer cells had higher 

expression of apoptosis-related proteins, including Bax, 

Bak, and cytochrome C, as well as a lower expression of 

anti-apoptosis proteins.7 In addition, curcumin also induced 

higher cytotoxicity of various types of brain tumor cells, 

while its toxicity was relatively much lower in human normal 

fibroblast cells.8

Some studies have demonstrated that curcumin might 

induce death of healthy osteoblast cells. For example, 

curcumin may lead to osteoblast apoptosis at low concen-

trations, up to 25 µM, and necrosis at high concentrations, 

up to 200 µM.9 However, few studies have compared the 

cytotoxicity of curcumin between osteosarcoma and healthy 

human osteoblast cell lines, or determined an exact concen-

tration at which curcumin was toxic to osteosarcoma cells 

but not toxic to healthy osteoblasts. Such a finding would 

provide critical information to the field of a concentration of 

curcumin that should be delivered to bone tumors in order to 

kill cancer cells, but not affect healthy osteoblast functions. 

Thus, the purpose of this study was to evaluate if (and at 

what concentration) curcumin would cause a greater apop-

totic effect on osteosarcoma cells than on normal osteoblast 

cells. Clearly, such advances would be paramount to allow 

curcumin to be used as a novel bone anticancer drug with 

minimal side effects.

Materials
Curcumin (or diferuloylmethane) powder and sterile-filtered 

fetal bovine serum were purchased from Sigma-Aldrich 

(St Louis, MO, USA). MG-63 osteosarcoma cells (ATCC-

CRL-1427), Eagle’s Minimum Essential Medium, dimethyl 

sulfoxide (DMSO), and phosphate buffered saline were pur-

chased from the American Type Culture Collection (Manassas, 

VA, USA). Human osteoblast cells and osteoblast medium 

(consisting of osteoblast growth medium and osteoblast 

growth medium supplementmix) were purchased from 

PromoCell GmbH (Heidelberg, Germany). An MTT dye solu-

tion was purchased from Promega (Madison, WI, USA).

Methods
Cell culture method
The human osteosarcoma cell line, MG-63, was cultured 

in Eagle’s Minimum Essential Medium, with 10% fetal 

bovine serum. Healthy osteoblasts were cultured in medium 

consisting of one bottle of Basal Osteoblast Growth 

Medium with one vial of SupplementMix and 1% of a 

penicillin/streptomycin solution. Cells were cultured at 37°C 

in a humidified incubator in an atmosphere of 95% oxygen 

and 5% carbon dioxide.

Preparation of curcumin stock solution
Curcumin powder was dissolved in DMSO to obtain a 

concentration of 100 mM, and then was stored at −20°C 

protected from light. Different concentrations (1, 2, 5, 10, 

15, and 20 mM) of curcumin were prepared by diluting the 

stock solution with DMSO.

Cytotoxicity assays
Both MG-63 osteosarcoma cells and healthy human osteo-

blasts were seeded onto a 96-well plate separately at a density 

of 2 × 104 cells/cm2. After 24 hours of cell culture, 1.0 µL of 

each curcumin solution at various concentrations was added 

to both of the cell lines to obtain 200 µL of a cell solution with 

curcumin. Therefore, the final concentrations of curcumin 

were 5, 10, 25, 50, 75, and 100 µM. Samples free of the 

curcumin/DMSO solution served as control samples, and 

the 0 µM samples only contained 1.0 µL of DMSO. After 

this, the cells were cultured for 24 hours.

Initially, we tried to use a 10% volume ratio of DMSO 

(eg, 20 µL of DMSO in 200 µL of the final cell solution) 

with different concentrations of curcumin. However, the 

cell viability of osteosarcoma cells dramatically decreased 

for all samples with or without curcumin. Thus, in order to 

eliminate the interference of DMSO, a smaller amount was 

selected through experimentation (ie, observing no change 

in cell viability through using DMSO alone; data not shown) 

for the cytotoxicity assays.
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Figure 1 Decreased osteosarcoma cell densities after 24 hours of curcumin treatment.
Notes: *P,0.05 compared to 5 µM; #P,0.01 compared to 10 µM; **P,0.005 compared to 0 µM (ie, dimethylsulfoxide only) sample. Data are expressed as standard error 
of the mean and N=3.

MTT assay for cell viability measurements
Followed by a 24-hour curcumin treatment, the original 

medium in each well was carefully aspirated. After being 

washed with phosphate buffered saline two times, 100 µL 

of the cell culture solution and 15 µL of the MTT staining 

solution were added to each well. Then, 100 µL of the stop 

solution of the MTT dye solution was added after 4 hours. 

The final solution was stored in an incubator overnight. The 

96-well plates were then tested using a spectrophotometer at 

a 570 nm wavelength to obtain the optical density.

Statistical analyses
The cell density was obtained from a standard curve which 

was constructed as a linear curve expressing the correlation 

between different cell densities and optical densities. Each 

experiment for each cell line was conducted three times, 

at eight samples for each group. Data are expressed as 

mean ± standard error of the mean and a two-tailed Student 

t-test was used to evaluate differences between means, with 

P,0.05 being considered statistically significant.

Results
The results of the present study demonstrated that MG-63 

osteosarcoma cells and healthy human osteoblasts responded 

differently to curcumin (Figures 1 and 2, respectively). 

To demonstrate this difference, the ratio between viable 

healthy human osteoblast to osteosarcoma cell density is 

shown in Figure 3. These results illustrated for the first 

time that curcumin induced greater cytotoxicity on MG-63 

osteosarcoma cells than on healthy human osteoblasts in a 

dose-dependent manner. No statistical difference in healthy 

osteoblast densities was observed when exposed to 5 and 

10 µM of curcumin, while osteosarcoma density decreased 

0.6 and 5.3 times when exposed to 5 and 10 µM of curcumin 

compared to controls, respectively. Most significantly, the 

results from this study suggest that curcumin at a concentra-

tion of 25 µM decreased osteosarcoma over healthy osteo-

blast density the most. For the above reasons, it is suggested 

that curcumin concentrations between 5 and 25 µM should 

be further studied for various bone cancer applications.

Discussion
In this study, after 24 hours of curcumin treatment, MG-63 

osteosarcoma cell densities decreased dramatically compared 

to control samples with cell medium only or with the same 

amount of DMSO only (ie, 0 µM); at curcumin concentra-

tions from 25 µM to 100 µM, osteosarcoma cell densities 

demonstrated a minimum value. In contrast, healthy human 

osteoblast densities were much less sensitive to the curcumin 

treatment. For this reason, this study showed for the first time 

that curcumin may have greater selectivity for killing MG-63 

osteosarcoma cells than healthy osteoblast cells, and thus may 

be a potential drug for bone cancer nanoparticle therapy with 

low toxicity to normal healthy bone cells.

Nevertheless, the main problem that impedes curcumin 

from being commonly used clinically today is its low solubility 
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Figure 2 Healthy human osteoblast cell densities after 24 hours of curcumin treatment.
Notes: *P,0.05 compared to control. **P,0.005 compared to 0 µM (ie, dimethyl sulfoxide only), 5 µM, and 10 µM samples. Data are expressed as standard error of the 
mean and N=3.
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Figure 3 Ratio of healthy human osteoblast to osteosarcoma cell density.
Notes: *P,0.05 compared to 0 µM (ie, dimethyl sulfoxide only); **P,0.005 compared to all others. Data are expressed as standard error of the mean and N=3.

and high degradation rate in the body. Curcumin is insoluble 

in water in response to its polyphenol structure, but it is more 

soluble in ethanol, DMSO, or acetone. In addition, curcumin 

can exist in both an enolate and a bis-keto compound form 

depending on the environment. In acidic and neutral condi-

tions and in solid phase, the keto form predominates, while 

the enolic form predominates in alkaline conditions.10 When 

pH .7.2, curcumin undergoes a degradation process, and 

almost completes its degradation to trans-6-(4′-hydroxy-

3′-methoxyphenyl)-2,4-dioxo-5-hexanal, feruloylmethane, 

and ferulic acid in 30 minutes. During in vivo tests, very low 

amounts of curcumin were found in serum (eg, for 2 g/kg cur-

cumin administrated orally to humans, only 0.006±0.005 µM 

was found in serum after 1 hour).11 As a result of metabolism 

by the liver, curcumin is likely to be degraded to curcumin 

glucuronide and curcumin sulfate, even if it is absorbed 

orally.12 Thus, it is necessary to find an effective drug delivery 

vehicle for curcumin in order to increase its water solubility, 

protect it from degradation, and release it onto target areas. 

Of course, nanoparticle curcumin drug carriers may provide 

an answer due to their ability to avoid immune system clear-

ance and be functionalized to attach to cancer cell membranes; 
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the next phase of this research is to incorporate 5 µM to 25 µM 

curcumin into various nanoparticle drug carriers to determine 

in vitro and in vivo efficacy.

In some cases, carriers with a hydrophobic inner area 

and water-soluble surface successfully loaded curcumin 

in a noncovalently manner. For instance, a PLGA-PEG-

PLGA (poly[D,L-lac-tide-co-glycolide]-b-poly[ethylene-

glycol]-b-poly[D,L-lactide-co-glycolide]) copolymer,13 

self-assembled peptide hydrogel MAX814 and curcumin-

phospholipid complexes15 were used for improving the 

efficacy of curcumin. Thus, the results of this study pro-

vided promise that such drug carriers could be loaded with 

curcumin, delivered to bone tumors and selectively kill 

osteosarcoma cells without harming healthy osteoblasts; at 

a curcumin concentration of 25 µM, osteosarcoma cell den-

sities were 50% less than compared to the samples without 

curcumin.

In conclusion, here it is reported for the first time 

that curcumin induced higher cytotoxicity for MG-63 

osteosarcoma cells than for human osteoblasts at 5 µM to 

25 µM concentrations. In the future, amphiphilic curcumin 

drug nanoparticle carriers with a hydrophobic core and a 

hydrophilic outer surface will be developed and tested as a 

healthy manner to decrease bone tumors.
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