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Abstract
Introduction: Achievement of new drugs with minimal side effects is an important goal 
in the cancer treatment due to irreversible side effects of conventional drugs. Tricalcium 
phosphates as natural bone components have unique characteristics including excellent 
biocompatibility, high biosorption and superior bioactivity. This research aimed at 
investigating the inhibitory effect of tricalcium phosphate (TCP) sintered at different 
temperatures.
Methods: TCP nanoparticles (nTCP) were sintered at three temperatures of 700°C, 
900°C and 1000°C, and their structural characterization was examined. Heat treatment 
of TCP at 900°C was found optimal due to its morphological properties, such as particle 
size and its crystallinity. The inhibitory effect of optimized nTCP sintered at 900°C was 
surveyed through in vitro tests.
Results: Cell culture assay studies exhibited that such effect depended on the concentration 
of nTCP. Moreover, the results depicted that the effect was 80%, which could be attributed 
to the 50 mg.L-1 dose of nTCP.
Conclusions: In lower concentrations, higher inhibitory effect of nTCP was observed. 
In comparison with hydroxyapatite, at low concentrations, anti-cancer properties of TCP 
were far greater than other calcium phosphates.
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INTRODUCTION

Materials based on calcium phosphates (CP) are the 
main mineral constituents of human hard tissues, such 
as bones and teeth [1-5]. Calcium phosphate bioce-
ramics, including hydroxyapatite (HA) and tricalcium 
phosphates (TCP) as the most common types, are in-
creasingly investigated as bone repair materials due to 
their similarity to the mineral component of the bone 
tissue [6-8]. Recently, synthetic CP nanostructures 
have attracted many researchers, owing to their good 
biocompatibility, excellent bioactivity, adequate bio-
degradability, and high affinity to polymers and bio-
macromolecules, as well as large osteogenic potential 
[9-13]. So far, it has been well expressed that CP nano-
structures can increase the growth of bones through 

osteoconduction mechanism, without causing any lo-
cal or systemic toxicity, inflammation, or foreign body 
response [14]. In comparison with CP microstructures, 
CP nanostructures have unique characteristics such as 
improved hardness and fracture resistance, amended 
bone binding properties, promoted drug loading capac-
ity and enhanced solubility [15].
Conventional medications for cancer treatment entail irre-
versible side effects in numerous cases, so achieving new 
drugs with minimal side effects is a important goal in the 
cancer treatment arena [16]. Recently, the inhibitory effect 
of hydroxyapatite nanoparticles, an important component 
of calcium phosphate in natural bones, on the proliferation 
of cancer cells has been investigated [17-20]. The results of 
in vitro and in vivo studies have shown that hydroxyapatite 
nanoparticles have been able to prevent growth in some 
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cancer cells, including some breast cancer cell lines [19, 
20]. Furthermore, recent observations have depicted that 
nano-hydroxyapatite has had very little inhibitory effect on 
the proliferation of healthy cells [18].
Previous studies demonstrated that applying heat treat-
ments on ceramics can generate the energy needed to 
form crystalline CPs [21]. These crystalline structures 
caused a significant reduction in dissolution rate as com-
pared with the amorphous structures [22]. This research 
claims to be the first study on the MCF-7 inhibitory ef-
fect of sintered crystalline CPs.
Here, TCP was sintered at three temperatures including 
700°C, 900°C and 1000°C, and the structural characteri-
zation of the heat-treated samples was investigated. Mor-
phology and physicochemical properties of the samples 
were studied via scanning electron microscopy (SEM), 
Fourier transform infrared spectroscopy (FTIR), and 
X-ray powder diffraction (XRD). Next, the inhibitory 
effects of TCP nanoparticles (nTCP) on the growth and 
proliferation of MCF-7 breast cancer cell lines were stud-
ied, and the inhibitory effect of optimized nTCP sintered 
at 900°C was surveyed through in vitro tests.

METHODS

Materials

TCP (Ca3(PO4)2) was purchased from Merck Co. 
(Germany). MCF-7 cell line was also presented by the 
Pasture Institute of Iran.

Heat Treatment

Five grams of TCP nano-powder was sintered at 700°C, 
900°C and 1000°C for one hour, and cooled to room 
temperature. The largest amount of TCP was obtained 
after heat treatment at 900°C (4.8 g). Then, the nTCP 
was prepared for being used as an inhibitory drug. 

Cell Culture

The MCF-7 cells were cultured in a 25 cm2 flask in a 
medium containing Dulbecco’s Modified Eagle’s Me-
dium (DMEM/Gibco), 10% FBS, 100 U/mL penicil-

lin, and100 μg/mL streptomycin at 37°C with 5% CO2, 
95% air and complete humidity. Once they reached 
~90% confluency, they were detached using 0.05% 
trypsin/EDTA, and counted by means of trypan blue 
and hemocytometer. These cells were then resuspend-
ed at a concentration of 1×105 cells and added into a 96-
well plate. After 24 hours, when the cells deposited at 
the plate bottom, the culture media were replaced with 
the treatment media. All the treatment media contained 
90% culture medium, 10% fetal bovine serum (FBS), 
and different amounts of TCP at final concentrations of 
50 mg.L-1, 100 mg.L-1, 150 mg.L-1 and 200 mg.L-1.

MTT Assay for Evaluating Cell Viability

After 48 hours, the MTT solution was prepared at 1 mg/
mL in phosphate buffered saline (PBS), and filtered 
through a 0.2 μm filter. Then, 22 μL of MTT plus 200 μL 
of DMEM were added into each well, except for the cell-
free blank wells. The cells were incubated for four hours 
at 37°C with 5% CO2, 95% air and complete humidity. 
After four hours, the MTT solution was removed and 
replaced with 100 μL of DMSO. The plate was further 
incubated for 15 minutes at room temperature, and the 
optical density (OD) of the wells was determined using 
a plate reader (Biotek) at a test wavelength of 570 nm 
and a reference wavelength of 630 nm.

RESULTS

Morphology evaluation of materials and biospecies is of 
key significance in characterization of biomaterials. The 
morphology of the TCP nano-powder sintered at differ-
ent temperatures is shown in Figure 1. Figure 2 shows 
the XRD patterns of the sample, illustrating the pattern 
of TCP nanostructures sintered at 700°C, 900°C and 
1000°C. Moreover, the corresponding FTIR absorption 
spectra of the nanoceramic powders sintered at 900°C 
are depicted in Figure 3. The inhibitory effects of nTCP 
on the MCF-7 cancer cell proliferation were compared at 
the concentrations of 50 mg.L-1, 100 mg.L-1, 150 mg.L-1 
and 200 mg.L-1. Results displayed in Figure 4 affirm that 
nTCP can inhibit the proliferation of human cancer cells.

Figure 1: SEM Micrograph of  TCP Powders Sintered at A) 1000°C, B) 900°C, and C) 700°C (pH = 7.4)
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Figure 2: XRD Pattern of the TCP Nano-Powder at A) 1000°C, B) 900°C, and C) 700°C (pH = 7.4)

Figure 3: FTIR Absorption Spectra of the TCP Nano-Powder Sin-
tered at 900°C

Figure 4: Concentration Effects of TCP Nanoparticles on MCF-7 
Breast Cancer Cell Proliferation. All the nanoparticles were used 
at the concentrations of 50 mg.L-1, 100 mg.L-1, 150 mg.L-1 and 200 
mg.L-1 respectively in phosphate buffer solution (P = 0.0025, P < 
0.05).

DISCUSSION

As can be seen in the Figure 1, the nano-powder sin-
tered at 700°C and 1000°C is highly agglomerated, 
which may be due to grains growth and creation of new 
grain boundaries. The TCP nanostructures heat-treated 
at 900°C were almost spherical, and the observed parti-
cle size was approximately 70 nm. It seems that sinter-
ing TCP at 900°C was optimal due to its morphological 
properties such as particle size.

The characteristic PO4
3- and OH absorption bands of 

HA were observed in the sintered sample, along with 
the additional broad bands at 1640 cm-1 and 3430 cm-1 
from the adsorbed H2O (Figure 3). The weak absorp-
tion peak at 880 cm-1 was assigned to the P–O–H vi-
bration in the HPO4

2- group existing in TCP. The C–O 
vibration in the CO3

2- group can also corroborate to this 
absorption band. In the sample calcined at 900°C, the 
OH absorption band disappeared and the spectrum 
obtained was characteristic of TCP (Figure 3). When 
increasing the sintering temperature, the PO4

3- vibra-
tion peaked at 603 and 568 cm-1 gradually merged. The 
FTIR spectrum of the powders calcined at 700°C and 
1000°C resembled that of TCP, which conformed to the 
previous XRD results.
As can be seen in Figure 4, the inhibitory effects of 
nTCP on breast cancer cell proliferation were far more 
extensive than controls. The inhibitory effects of differ-
ent concentrations of TCP on breast cancer cell pro-
liferation ranged from 25% to 79% depending on the 
applied dosage. The cytotoxic effects of hydroxyapatite 
concentration as a calcium phosphates derivative on the 
proliferation of cancer cells has been investigated previ-
ously [19, 20]. Moreover, previous studies demonstrat-
ed serious disagreements over inhibition degree among 
different cancer cell lines as well as among normal cell 
lines. The cell-toxic and inhibitory effects of nTCP on 
cancer cell growth also depend on the related treatment 
time [18].
The particle size and the dosage-dependent inhibitory 
effects of nHAP on cancer cells have been established 
[18]. Moreover, with smaller nHAP levels, higher de-
grees of inhibition were observed [18, 20]. At the con-
centration of 50 mg.L-1, the inhibitory effect of TCP 
particles on MCF-7 cells significantly increased to 
about 80%. The effect diminished from about 79% to 
about 25% with dosage increase (50 mg.L-1, 100 mg.L-1, 
150 mg.L-1 and 200 mg.L-1). As a whole, nanomaterials 
such as nanoparticles and nanotubes could enter cancer 
cells and reach cytoplasm and different organelles that 
depended on different characteristics of the nanomate-
rials. As it has been verified, nTCP possesses two differ-
ent binding sites on the crystal surface, namely C (Ca2+) 
site, arranged on ac or bc crystal faces for binding the 
acidic groups of the biomolecules, and P PO 4

3- site, ar-
ranged hexagonally on the ab crystal face for attachment 
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to the basic groups of the biomolecules. Numerous neg-
atively-charged groups and ions on the cancer cell sur-
face generate higher negative charge of cancer cells than 
other cells. This phenomenon mainly depends on the 
sialic acid residues and other materials secreted from 
the apical surface of the plasma membrane [18].
To summarize, the present study investigated the struc-
tural characterization of sintered samples, and their 
morphology and physicochemical properties were stud-
ied via SEM, FTIR, and XRD. The inhibitory effects of 
nTCP on the growth and proliferation of MCF-7 breast 
cancer cell lines were also studied. Moreover, the same 
effect was evaluated for nTCP sintered at 900°C through 
in vitro tests. The results obtained indicate that a high-
er dose of nTCP induced oxidative stress on the breast 
cancer cell, MCF-7, which in turn led to apoptotic-like 
conditions.
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