
Abstract. Background/Aim: Incorporation of nanoparticles
(NPs) into the glass ionomer cements (GICs) is known to
improve their mechanical and antibacterial properties. The
present study aimed to investigate the possible cytotoxicity
and pro-inflammation effect of three different powdered GICs
(base, core build and restorative) prepared with and without
titanium dioxide (TiO2) nanoparticles. Materials and
Methods: Each GIC was blended with TiO2 nanopowder,
anatase phase, particle size <25 nm at 3% and 5% (w/w),
and the GIC blocks of cements were prepared in a metal
mold. The GICs/TiO2 nanoparticles cements were smashed
up with a mortar and pestle to a fine powder, and then
subjected to the sterilization by autoclaving. Human oral
squamous cell carcinoma cell lines (HCS-2, HSC-3, HSC-4,
Ca9-22) and human normal oral cells [gingival fibroblast
(HGF), pulp (HPC) and periodontal ligament fibroblast
(HPLF)] were incubated with different concentrations of
GICs in the presence or absence of TiO2 nanoparticles, and
the viable cell number was determined by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
method. Prostaglandin E2 was quantified by enzyme-linked
immunosorbent assay (ELISA). Changes in fine cell structure
were assessed by transmission electron microscopy. Results:
Cancer cells exhibited moderate cytotoxicity after 48 h of
incubation, regardless of the type of GIC and the presence
or absence of TiO2 NPs. GICs induced much lower
cytotoxicity against normal cells, but induced prostaglandin

E2 production, in a synergistic wanner with interleukin-1β.
Conclusion: The present study shows acceptable to moderate
biocompatibility of GICs impregnated with TiO2
nanoparticles, as well as its pro-inflammatory effects at
higher concentrations.

Particles of nanometric scale so-called nanoparticles possess
unique chemical and physical properties in regards to size,
size distribution, morphology, polymorphic nature,
crystallinity, biocompatibility, biodegradability, drug elution
profiles, and aggregation propensity (1). Newly-
manufactured bioactive nanoparticles, lately named “Smart”
materials, have attracted the interests of many researchers in
the field of dental material science (2). Since the introduction
of glass ionomer cement (GIC) in 1969 by Wilson and Kent,
the cement has been utilized in the lining, bonding, sealing,
luting and restoring of tooth (3). The inclusion of glass fiber
(4), metals (5), resin (6) and zirconia particles (7) into GIC
has improved the mechanical properties. It is necessary to
investigate the biocompatibility of GICs with the pulp tissue
and surrounding tissues. Both glass powder and polyacrylic
acid liquid are composed of various chemicals, some of
which may be released during the setting process and may
exert cytotoxicity. Many previous studies reported that (i) the
cell viability declined by contact to GIC (8-13), (ii) the
extent of toxicity depended on the type of cells (14), and (iii)
the subcutaneous implantation of GIC induced an
inflammatory reaction (15).

Recently, we reported that the incorporation of titanium
dioxide (TiO2) nanoparticles to GIC enhance the Vickers
microhardness, flexural and compressive strength,
antibacterial activity and did not interfere with adhesion to
enamel and dentin (unpublished data). However, as far as we
know, the study of the biocompatibility of GICs impregnated
with nanoparticles has not been reported. In the present
study, we first investigated the cytotoxicity of base, core
build and restorative conventional GIC against human oral

895

Correspondence to: Hiroshi Sakagami, Division of Pharmacology,
Department of Diagnostic and Therapeutic Sciences, Meikai University
School of Dentistry, Sakado, Saitama 350-0283, Japan. Tel: +81
492792758, Fax: +81 492855171, e-mail: sakagami@dent.meikai.ac.jp/
dentist.garcia@gmail.com

Key Words: Glass ionomer cements, TiO2 nanoparticles,
cytotoxicity, prostaglandin E2. 

in vivo 28: 895-908 (2014)

Effects of TiO2 Nano Glass Ionomer Cements 
Against Normal and Cancer Oral Cells

RENE GARCIA-CONTRERAS1,6, ROGELIO J. SCOUGALL-VILCHIS2, ROSALIA CONTRERAS-BULNES3,
YUMIKO KANDA4, HIROSHI NAKAJIMA5 and HIROSHI SAKAGAMI6

1Dental and Advanced Studies Research Center, 2Department of Orthodontics and 
3Department of Pediatric Dentistry, Faculty of Dentistry, Autonomous University State of Mexico, Toluca, Mexico; 

4Department of Electron Microscopy, and Divisions of 5Dental Biomaterials Science and 
6Pharmacology, Meikai University School of Dentistry, Sakado, Saitama, Japan

0258-851X/2014 $2.00+.40



normal cells [pulp cells (HPC), gingival fibroblast (HGF),
periodontal ligament fibroblast (HPLF)] and human cancer
cells [oral squamous cell carcinoma (OSCC): HSC-2, HSC-
3, HSC-4 and gingival carcinoma (Ca9-22)] in the presence
and absence of TiO2 nanoparticles. Recently, we reported
that TiO2 nanoparticles induced prostaglandin E2 (PGE2)
production in synergy with interleukin1β (IL1β) in both HPC
and HGF cells, suggesting possible pro-inflammatory action
(16). Therefore, secondly, we investigated whether GIC also
induce PGE2 in a synergistic fashion with IL1β and/or TiO2
nanoparticles. Thirdly, we investigated the changes in fine
cell structure and intracellular uptake of TiO2 nanoparticles
by a transmission electron microscope (TEM). 

Materials and Methods

Materials. Three commercially available glass ionomer cements
(GICs) were used: Base cement, Core shade cement and FX-II
(Shofu Dental Corp. Kyoto, Japan). Chemical compositions of the
cements are listed in Table I. The following chemicals and reagents
were obtained from the indicated companies: Dulbecco’s modified
Eagle’s medium (DMEM): GIBCO BRL, Grand Island, NY, USA;
fetal bovine serum (FBS): JRH Bioscience, Lenexa, KS, USA;
Carisolv gel, single mix: MediTeam, Göteborg, Sweden; 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT):
Aldrich, St. Louis, MO, USA; PGE2 assay kit: Cayman Chemical
Co., Ann Arbor, MI, USA); IL-1β: R&D Systemes Mineeapolis,
MN, USA; culture plastic dishes: 6-well and 96-microwell plates:
Becton Dickinson, Franklin Lakes, NJ, USA; dimethyl sulfoxide
(DMSO): Wako Pure Chem Ind., Osaka, Japan.

Preparation of fine powder of cements with TiO2 nanoparticles.
Each GIC was blended with 3% or 5% (w/w) TiO2 nanoparticles,
anatase phase, particle size <25 nm (Sigma-Aldrich, St. Louis, MO,
USA) (Table I). The cement powder was mixed with the cement
liquid under the manufacturer’s recommended conditions. The
cement mixture was placed into the metallic mold, and then

standardized GIC blocks (4×4×1 mm) of cements were prepared in
a metal mold. The GICs/TiO2 nanoparticle samples were ground up
with a mortar and pestle to yield a fine powder of cements, and then
subjected to the sterilization by autoclaving (20 min, 120˚C, 2 atm). 

Cell culture. Human OSCC (HSC-2, HSC-3, HSC-4) and gingival
carcinoma cell lines (Ca9-22) were obtained from (Riken Cell Bank,
Tsukuba, Japan). Normal human oral cells (HGF, HPC, HPLF) were
prepared from periodontal tissues, as previously reported (17). Cells
were cultured at 37˚C with in DMEM supplemented with 10% heat-
inactivated FBS, 100 units/ml, penicillin G and 100 μg/ml
streptomycin sulfate under a humidified atmosphere with 5% CO2.
Cells were then harvested by treatment with 0.25% trypsin-0.025%
EDTA-2Na in PBS(–) and either subcultured or used for experiments.

Assay for cytotoxic activity. Cells (3×104 cells/0.1 ml) were
inoculated into each well of 96-microwell plates and incubated for
48 h to achieve the complete cell adherence. The cements were
suspended in DMEM culture medium and were added at 0, 0.62,
1.25, 2.5, 5, 10, 20 and 40 mg/ml. The cements were incubated for
further 48 h. The relative viable cell number was then determined
by the MTT method. In brief, the culture medium was replaced with
MTT (0.2 mg/ml) dissolved in DMEM, and cells were incubated for
4 h at 37˚C. After replacing the medium, the formazan product was
dissolved with DMSO, and the absorbance at 540 nm of the lysate
was determined by using a microplate reader (Multiskan;
Biochromatic Labsystem, Osaka, Japan). The 50% cytotoxic
concentration (CC50) was determined from the dose–response curve
and the mean CC50 (±S.D.) value of each cement was calculated in
triplicate of three independent experiments.

PGE2 production. Near-confluent HPC and HGF cells were treated
with different concentrations (0, 1.25, 2.5 and 5 mg/ml) of FX-
II:TiO2 nanoparticles (100:0) and FX-II:TiO2 nanoparticles (97:3)
for 30 min in the fresh culture medium. Cells were induced to
produce PGE2 with IL1β (3 ng/ml) for a further 24 h, respectively.
The concentration of PGE2 released into the culture supernatant was
then determined by ELISA with PGE2 assay kit, according to
manufacturer’s recommended procedures (16).
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Table I. Chemical composition of three glass ionomer cements used in this study.

Cement Composition

Powder Liquid Group (ratio of components)

Base cement Fluoraliminosilicate glass, Acrylic acid–tricarboxylic acid copolymer, (i) Base cement:TiO2NPs (100:0)
(yellow) barium sulfate and pigments tartaric acid and distilled water (ii) Base cement:TiO2 NPs (97:3),

(iii) Base cement:TiO2 NPs (95:5);

Core shade base Fluoraliminosilicate glass, Acrylic acid–tricarboxylic acid copolymer, (iv) Core shade:TiO2NPs (100:0) 
cement (gray) barium sulfate and pigments tartaric acid and distilled water (v) Core shade:TiO2 NPs (97:3)

(vi) Core shade:TiO2 NPs (95:5)

FX-II Enhanced Fluoraliminosilicate glass, pigments Acrylic acid–tricarboxylic acid copolymer, (vii) FX-II:TiO2NPs (100:0)
restoration and fluorescent material tartaric acid and distilled water (viii) FX-II:TiO2 NPs (97:3)

(ix) FX-II:TiO2 NPs (95:5)

NPs: Nanoparticles. A powder/liquid ratio of 2.6/1.0 (w/w) was used. 



Fine cell structure. HPC, HPLF and HGF cells were treated with 0,
2.5, and 5 mg/ml of FX-II:TiO2 nanoparticles (100:0) and FX-
II:TiO2 nanoparticles (97:3) for 3 h. After washing three times with
5 ml of cold PBS(−), the cells were fixed for 1 h with 2%
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4˚C. The cells
were scraped with a rubber policemen, post-fixed for 90 min with
1% osmium tetraoxide-0.1 M cacodylate buffer (pH 7.4), dehydrated
and embedded in Araldite M (CIBA-GEIGY Swiss; NISSHIN EN
Co., Ltd., Tokyo, Japan). Thin sections were stained with uranyl
acetate and lead citrate, and were then observed under a JEM-1210
transmission electron microscope, Japan Electron Optics Laboratory
(JEOL, Co., Ltd Akishima, Tokyo, Japan) (magnification: ×5,000)
at an accelerating voltage of 100 kV (18).

Statistical analysis. Data are expressed as the mean±standard
deviation (SD). Statistical analysis was performed by paired t-test
and ANOVA post-hoc Tukey test using SPSS (Statistical Package
for the Social Sciences, Chicago, IL, USA). Differences were
considered significant at p<0.05.

Results

Cytotoxic activity of GIC. The target cells we used were normal
(HPC, HGF, HPLF) and cancer (HSC-2, HSC-3, HSC-4, Ca9-
22) cells derived from the oral cavity. Regardless of the
presence or absence of TiO2 nanoparticles, cancer cells were
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Table II. Cytotoxic activity of base cement against normal and cancer cells. Values represent the mean±S.D. of three independent experiments. 

Viable cell number (%)

Base cement:TiO2 NPs (100:0) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±9.9 100±7.85 100±6.50 100±9.70 100±8.74 100±11.80 100±6.54
0.62 70±2.0* 83±4.42 92±14.12 70±0.93* 81±5.18 91±3.27 82±22.75
1.25 68±0.57* 83±1.39* 92±19.56 65±1.68* 77±2.76 82±11.63 73±10.89
2.5 63±0.33* 81±2.38* 87±25.46 58±7.83 68±6.57 87±5.29 63±13.57
5 63±4.10* 76±2.08* 87±18.06 65±7.45 62±±0.66* 85±4.68 68±12.05
10 62±5.57 71±1.56* 90±11.08 64±13.98 58±1.47* 64±5.38 56±12.95
20 63±0.10* 75±4.15 80±18.65 62±16.63 49±0.93* 66±0.04 54±23.17
40 69±1.63* 78±2.96 82±7.39 35±16.63 35±15.23 27±8.18* 36±9.71*

Base cement:TiO2 NPs (97:3) 

mg/ml HPCab HPLFa HGFa HSC-2b HSC-3b HSC-4a Ca9-22b

0 100±8.40 100±4.09 100±5.68 100±7.48 100±2.94 100±8.53 100±5.04
0.62 79±2.01* 77±2.29* 96±13.58 71±19.32 78±6.81 95±21.01 83±9.87
1.25 77±2.31 84±12.96 90±2.29 58±7.36 66±2.19* 92±9.22 68±1.74*
2.5 65±0.92* 85±4.98 84±20.28 57±10.48 71±13.98 80±10.76 66±2.34*
5 71±2.72* 85±4.96 86±18.41 61±16.41 62±9.65 77±15.36 58±10.39
10 69±1.40* 92±1.30 82±14.05 56±25.07 53±14.50 67±10.14 58±12.11
20 84±6.13 98±5.78 87±5.69 33±14.31 38±6.61 39±9.92 50±12.26
40 108±4.03 118±15.02 101±17.47 35±0.74* 51±20.01 57±20.20 44±1.47*

Base cement:TiO2 NPs (95:5) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±3.50 100±.019 100±5.80 100±10.46 100±1.40 100±2.19 100±5.07
0.62 57±6.46 58±0.77* 81±11.39 48±1.83* 82±32.23 72±10.09 64±31.81
1.25 54±2.73* 50±15.86 72±22.97 43±9.05 50±1.93* 77±0.66* 66±19.60
2.5 47±5.36* 50±12.58 76±24.32 49±0.23* 50±4.28* 66±0.26* 71±24.09
5 52±11.66 59±4.93 72±29.58 48±1.77* 48±1.63* 68±1.72* 62±19.30
10 59±11.03 71±1.06* 75±31.92 54±0.64* 43±0.89* 63±1.41* 57±21.75
20 80±16.64 92±13.74 88±21.74 48±6.66 39±4.19* 46±3.21* 56±18.08
40 86±27.15 123±16.25 99±20.28 38±3.44* 40±5.94* 43±19.54 56±1.02*

NPs: Nanoparticles. Cell lines with the same superscript letter are not significantly different (p>0.05), whilst the mean values with different letters
are significantly different (*p<0.05, **p<0.01) based on ANOVA (pos-hoc) Tukey test. *p<0.05, **p<0.001 based on t-paired test. There were no
significant differences between conventional base cement and that containing TiO2 NPs at 3% and 5% (p>0.05).
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found to be more sensitive to GIC, base cement (Table II and
Figure 1), core shade (Table III and Figure 2) or FX-II (Table
IV and Figure 3), compared to normal cells. This was
confirmed by repeated experiments (n=3) that showed that
HPC, HPLF and HGF were more resistant (with higher CC50
values) to all cements except for HGF to FX-II:TiO2 NPs
(95:5) (CC50=19±2.7 mg/ml) (Table V). The sensitivity of
normal and cancerous oral cells to each individual cement was
in the following order from more sensitive to less sensitive: (i)
Base cement:TiO2 nanoparticles (100:0): Ca9-22>HSC-
3>HSC-4>HSC-2>HPC>HPLF> HGF; (ii) base cement:TiO2

nanoparticles (97:3): HSC-2>HSC-3>Ca9-22>HSC-4>HGF>
HPC>HPLF; (iii) base cement:TiO2 nanoparticles (95:5): HSC-
3>Ca9-22>HSC-4>HSC-2>HPC>HGF>HPLF; (iv) CoreShade
cement:TiO2 nanoparticles (100:0): Ca9-22, HSC-3, 
HSC-4>HSC-2>HGF>HPLF>HPC; (v) CoreShade:TiO2
nanoparticles (97:3): HSC-3>Ca9-22>HSC-2>HSC-4>HGF>
HPLF>HPC; (vi) CoreShade:TiO2 nanoparticles (95:5): HSC-
3>HSC-2>HSC-4>Ca9-22>HGF>HPLF>HPC; (vii) FX-
II:TiO2 nanoparticles (100:0): HSC-3>HSC-2>Ca9-22>HSC-
4>HGF>HPLF>HPC; (viii) FX-II:TiO2 nanoparticles (97:3):
HSC-3>HSC-2>Ca9-22>HSC-4>HGF>HPLF>HPC; (ix) FX-

Figure 1. Cytotoxicity of glass ionomer cement (GIC): base cement containing different concentrations of TiO2 nanoparticles (NPs). Near-confluent
normal (pulp cell HPC, periodontal ligament fibroblast HPLF, gingival fibroblast HGF) (a, c, e) and oral squamous cell carcinoma (HSC-2, HSC-
3, HSC-4 and Ca9-22) (b, d, f) cells were incubated for 24 h with the indicated concentrations of base cement:TiO2 NPs (100:0) (a, b), base
cement:TiO2 NPs (97:3) (c, d), base cement:TiO2 NPs (95:5) (e, f). After incubation for a further 48 h, the relative viable cell number was determined
by the 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide assay. Each value represents the mean±S.D. of triplicate assays. 



II:TiO2 nanoparticles (95:5): Ca9-22>HSC-3>HGF>HSC-
2>HSC-4>HPLF>HPC. The results confirm that cancer cells
were significantly (p<0.05) more sensitive than normal cells to
all cements.

PGE2 production. IL1β (3 ng/ml) stimulated the production of
PGE2 into the culture medium by HPC and HGF cells (Figure
4a and b). FX-II alone also slightly but significantly induced
PGE2 production (p<0.05). This stimulatory effect of FX-II was
more pronounced in HGF cells compared to HPC cells (Figure
4a and b). The PGE2 induction by FX-II was synergistically
enhanced in the presence of IL1β in both HPC and HGF cells.

Similar phenomena were observed in FX-II:TiO2
nanoparticles (97:3) (Figure 4c and d), where higher
production of PGE2 was observed regardless of the presence
or absence of IL1β. Furthermore, FX-II:TiO2 nanoparticles
(97:3) and IL1β were also synergistic stimulators of PGE2
production (Figure 4c and d). 

Change in fine cell structure. Compared to control HPC, HPLF
and HGF cells (Figures 5a, 6a and 7a), cells that had been
treated for 3 h with 2.5 or 5 mg/ml of FX-II:TiO2 nanoparticles
(100:0) (Figures 5b, 5c, 6b, 6c, 7b and 7c) or 2.5 or 5 mg/ml of
FX-II:TiO2 nanoparticles (97:3) (Figures 5d, 5e, 6d, 6e, 7d and
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Table III. Cytotoxic activity of core shade against normal and cancer cells. Values represent the mean±S.D. of three independent experiments. 

Viable cell number (%)

Core shade:TiO2 NPs (100:0) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±6.80 100±2.63 100±5.40 100±3.45 100±9.11 100±17.36 100±4.11
0.62 59±5.79 63±0.18* 76±10.89 65±4.43 73±24.70 75±5.43 68±13.23
1.25 55±5.46 63±0.82* 73±13.34 60±5.00 70±22.96 72±15.87 64±12.96
2.5 56±2.06* 59±2.99 68±15.68 60±1.51* 69±28.23 71±6.90 60±14.23
5 58±2.20* 59±1.54* 68±15.56 56±3.99* 55±15.44 65±2.13* 54±9.08
10 68±5.10 68±0.54* 69±12.30 55±9.84 47±18.48 65±5.06 56±10.90
20 78±0.43* 80±1.99 71±7.33 54±5.65 42±13.25 45±0.27* 54±12.02
40 107±10.17 99±1.18 76±4.61 41±9.37 46±7.42 37±3.74* 43±1.64*

Core shade:TiO2 NPs (97:3) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±3.50 100±3.06 100±9.80 100±2.02 100±3.03 100±1.82 100±7.94
0.62 58±5.47 52±2.51* 72±5.31 63±0.20* 72±17.90 74±16.06 67±14.63
1.25 58±6.40 62±1.21* 72±15.04 55±3.65* 68±13.34 67±11.42 66±17.75
2.5 59±2.33* 62±4.46 69±19.45 53±1.60* 62±14.71 64±11.43 63±16.92
5 62±6.69 65±0.28 70±18.35 54±5.20 52±7.08 58±17.66 64±22.42
10 72±0.16* 73±2.88 71±12.24 54±8.07 45±6.47 56±21.33 53±5.53*
20 81±5.94 97±0.74 76±9.20 41±11.12 34±3.87* 54±17.22 39±9.01
40 117±9.98 101±4.09 82±0.83* 38±2.94* 45±6.07 46±4.40* 44±9.79

Core shade:TiO2 NPs (95:5) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±10.30 100±9.62 100±5.87 100±6.90 100±4.07 100±18.55 100±5.87
0.62 58±9.32 69±11.26 77±7.51 63±3.62* 70±10.07 64±1.40* 70±13.08
1.25 57±5.88 74±7.87 69±5.04 50±7.53 72±12.48 61±2.32* 63±7.62
2.5 53±7.60 69±3.50 65±10.88 52±0.65** 71±15.74 62±0.78** 67±12.25
5 58±0.42** 67±2.73 71±18.48 53±1.65* 61±9.91 64±13.44 64±10.94
10 69±1.79* 75±1.97* 69±14.13 52±4.91* 51±10.84 65±9.62 61±16.05
20 70±7.72 79±1.64 64±19.64 44±9.13 40±5.35* 31±0.52** 50±14.69
40 116±1.30* 81±7.87 68±4.86 42±7.75 41±6.63* 43±3.73* 37±4.11*

Cell lines with the same superscript letter are not significantly different (p>0.05) whilst the mean values with different letters are significantly
different (*p<0.05, **p<0.01) based on ANOVA (post-hoc) Tukey test. *p<0.05, **p<0.001 based on paired t-test. There were no significant
differences between conventional core shade cement and those containing TiO2 NPs at 3% and 5% (p>0.05). 



7e), showed irregular cell membrane and cytoplasm or nucleus,
with many vacuoles containing a flocculent and granular
material, but having morphologically-normal Golgi apparatus
and mitochondria structures without any pathological change.
There were no significant morphological differences regardless
the presence or absence of TiO2 nanoparticles. 

Discussion

The cellular complexity in the stomatognathic system is
generated by the presence of various types of cells, and

therefore the use of dental materials should make a
biological impact on the cells in the teeth and the
surrounding tissues. The present study demonstrated that
GICs showed weak to moderate cytotoxicity, regardless of
GIC composition and the presence or absence of TiO2
nanoparticles, and that oral cancer cells were more sensitive
than normal oral cells. It has been reported that upon contact
with conventional GIC, an immortalized cell line NIH3T3,
mouse fibroblast showed the total loss of cell viability after
24 h of incubation (9). Upon contact with conventional and
resin-modified GIC, NIH3T3 and UMR-106 osteoblast
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Figure 2. Cytotoxicity of glass ionomer cement (GIC): core shade that contains various concentrations of TiO2 nanoparticles (NPs). Near-confluent
normal (HPC, HPLF, HGF) (a, c, e) and oral squamous cell carcinoma (HSC-2, HSC-3, HSC-4 and Ca9-22) (b, d, f) cells were incubated for 24 h
with the indicated concentrations of core shade:TiO2 NPs (100:0) (a, b), core shade:TiO2 NPs (97:3) (c, d), core shade:TiO2 NPs (95:5) (e, f). After
incubation for further 48 h, the relative viable cell number was determined by the 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide
assay. Each value represents the mean±S.D. of triplicate assays. 



showed reduced viable cell number, where the resin-modified
GIC exhibit were more toxic than conventional one (10),
confirming the cytotoxicity of the resin-modified GIC used
for orthodontic prescription against L929 (cell line mouse)
fibroblast (11). Furthermore, GIC containing silver particles
showed acceptable biocompatibility with slight inflammatory
response that is reduced through culture against NIH3T3 and
UMR-106 (12). The cytotoxicity of GICs can be attributed
to aluminum phosphate and calcium fluoride in the cement
powder, and acidic and irritating cement liquid (13). It has
been reported that in vitro cytotoxicity rapidly declined with
time of setting process, possibly due to the formation of

stable reaction products from the cytotoxic components. This
was apparently contradictory from the present results that
used the powders prepared by mixing the GIC liquid and
different ratios of TiO2 nanoparticles and ground up after
completion of the hardness reaction. The degree of toxicity
of GIC may also depend on the type of cell line (14). 

It has been reported that subcutaneous implantation of GIC
into rats induced an inflammatory reaction, generating
granulomas with macrophages in the peripheral area of the
material and the cytoplasm of cells was either vacuolated or
impregnated with particles of the material (15). The present
study also demonstrated that FX-II induced PGE2 production,
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Table IV. Cytotoxic activity of base cement against normal and cancer cells. Values represent the mean±S.D. of three independent experiments.

Viable cell number (%)

FX-II:TiO2 NPs (100:0) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±7.89 100±4.76 100±3.56 100±1.89 100±7.13 100±7.98 100±5.31
0.62 75±8.75 90±16.02 86±2.23 78±1.62* 75±9.69 83±8.84 95±15.09
1.25 72±8.22 85±0.52 80±4.83 60±1.09** 77±11.52 86±6.98 77±3.00
2.5 61±9.47 68±3.31 83±17.12 62±2.69* 74±9.22 81±6.78 77±19.96
5 60±4.59* 66±10.23 78±15.33 63±5.85 65±0.49** 78±14.97 73±15.62
10 62±0.51** 69±4.96 72±11.62 58±5.38 57±4.41* 81±1.50* 67±24.38
20 52±3.54* 53±1.14* 67±19.31 42±12.36 35±6.70* 40±6.86* 53±21.22
40 64±6.59 64±11.68 37±2.71* 23±1.88* 29±4.17* 31±7.90 28±0.97**

FX-II:TiO2 NPs (97:3) 

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±7.30 100±1.55 100±0.02 100±8.28 100±7.21 100±7.70 100±5.70
0.62 57±1.47* 65±4.13 81±5.89 63±15.60 76±13.02 71±13.97 68±5.63
1.25 58±4.24 63±0.62* 72±6.08 59±14.46 68±16.49 72±2.57* 57±2.97*
2.5 52±1.23** 61±2.68 76±11.51 54±12.82 64±13.49 69±1.69* 56±1.47*
5 53±3.10* 58±8.46 72±17.12 58±12.25 62±0.73** 78±4.88 55±1.01**
10 55±3.28* 73±1.24* 67±13.34 57±1.22* 56±4.48* 75±5.93 52±2.62*
20 65±11.54 68±2.06 55±14.28 43±4.94* 43±5.08* 35±7.95 44±10.44
40 86±1.13* 80±5.36 58±10.16 39±5.22* 36±7.78 42±2.99* 34±9.35

FX-II:TiO2 NPs (95:5)

mg/ml HPCa HPLFa HGFa HSC-2a HSC-3a HSC-4a Ca9-22a

0 100±0.87 100±2.80 100±6.84 100±1.19 100±9.17 100±3.53 100±3.38
0.62 65±5.48 54±5.70 79±4.95* 71±1.29* 75±5.26 77±19.62 74±4.33
1.25 55±0.14* 53±11.19 75±1.45 68±11.23 66±11.58 67±14.71 59±1.82*
2.5 50±0.56** 47±3.66* 69±3.57 60±6.33 56±3.46* 67±7.37 61±0.97**
5 48±1.24** 50±1.40* 63±7.39 62±0.49** 53±2.07* 73±2.33* 59±1.95*
10 50±5.16* 56±1.94 66±7.14 59±1.71* 55±3.40* 67±13.16 51±8.89
20 39±17.52 54±10.55 50±3.94* 51±3.45* 44±1.77* 60±7.00 41±8.53
40 63±15.98 60±7.00 47±0.54** 28±7.03* 37±13.36 34±1.37** 25±5.13*

Cell lines with the same superscript letter (line) are not significantly different (p>0.05) whilst the mean values with different letters are significantly
different (*p<0.05, **p<0.01) based on ANOVA (pos-hoc) Tukey test. *p<0.05, ** p<0.001 based on t-paired test. There are not significant
differences between conventional FX-II and containing TiO2 NPs at 3 and 5% (w/w) (p>0.05).



in a synergistic fashion with IL1β and TiO2 nanoparticles in
both HPC and HGF cells, suggesting the possible induction
and aggravation of inflammation. Endotoxin contamination in
TiO2 nanoparticles sample was found to be negligible (16).

Clinically, acidic release from GIC during setting
represents a possible source of injury to pulp cells following
tubular diffusion and emphasizing the need for a barrier to
such diffusion. We have previously reported that the FX-
II:TiO2 nanoparticles (97:3) improved the mechanical and
antibacterial properties, compared to conventional GIC

(unpublished data). The present study demonstrated that FX-
II:TiO2 nanoparticles (97:3) showed slightly higher PGE2-
producing activity than FX-II. It should be emphasized that
the present results should not be interpreted as an indicator
that any of the GICs here examined have significant potential
toxicity when placed in the intact dentine. Basically, it is
important to use a barrier prior to setting the cement to
prevent the irritability and incorporation into the dental
tissue, as well as to handle the GICs correctly to avoid
inflammatory responses in the surrounding tissues.
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Figure 3. Cytotoxicity of glass ionomer cement (GIC): FX-II that contains various concentrations of TiO2 nanoparticles (NPs). Near-confluent
normal (HPC, HPLF, HGF) (a, c, e) and oral squamous cell carcinoma (HSC-2, HSC-3, HSC-4 and Ca9-22) (b, d, f) cells were incubated for 24 h
with the indicated concentrations of FX-II:TiO2 NPs (100:0) (a, b), FX-II:TiO2 NPs (97:3) (c, d), FX-II:TiO2 NPs (95:5) (e, f). After incubation for
further 48 h, the relative viable cell number was determined by the 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide assay. Each value
represents the mean±S.D. of triplicate assays. 
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Figure 4. Synergistic stimulation of PGE2 production by glass ionomer cements (GICs): FX-II containing different concentrations of TiO2
nanoparticles (NPs) and IL1β. Near confluent HPC (a, c) and HGF (b, d) cells were pre-treated for 3 h with the indicated concentrations of FX-
II:TiO2 NPs (100:0) (a, b), FX-II:TiO2 NPs (97:3) (c, d). Cells were then induced to inflammation with (●) or without (●●) IL1β (3 ng/ml) and
incubated for a further 24 h. The concentration of PGE2 in the culture medium was determined by ELISA. Each value represents the mean±S.D. by
triplicate assays. *p<0.05, **p<0.01 paired t-test.

Table V. Cytotoxicity of glass ionomer cements (GIC) containing different percentage of TiO2 NPs against normal and cancer cells. Values represent
mean±S.D. of three independent experiments.

HGF HPLF HGF HSC-2 HSC-3 HSC-4 Ca9-22

CC50 (mg/ml)

Base cement : TiO2 NPs
100:0 >40a >40a >40a 28.64±12.22a 19.27±1.03a 28.38±1.72a 16.31±10.52a

97:3 >40a >40a >40a 11.19±9.40b 11.81±6.60b 15.98±3.49b 14.99±10.97b

95:5 >40a >40a >40a 18.78±7.75b 2.41±1.73b 17.89±1.35b 12.39±11.47b

CoreShade:TiO2 NPs
100:0 >40a >40a >40a 28.08±11.34ab 15.83±10.68bc 17.33±0.77c 6.82±6.11c

97:3 >40a >40a >40a 10.55±11.39b 6.79±4.54b 11.69±10.94b 8.20±6.39b

95:5 >40a >40a >40a 14.06±8.40b 11.40±6.43b 14.22±1.59b 16.93±9.80b

FX-II:TiO2 NPs
100:0 >40a >40a >40a 16.34±5.89b 13.08±0.44b 18.15±1.82b 17.17±10.53b

97:3 >40a >40a >40a 15.37±3.4b 14.76±0.05b 17.34±3.28b 16.14±8.69b

95:5 >40a >40a 19±2.7b 21.15±3.28b 14.09±1.21b 27.23±3.72b 12.57±6.51b

Cell lines with the same superscript letter are not significantly different (p>0.05), whilst the mean values with different letters are significantly
different (p<0.05) based on ANOVA (pos-hoc) Tukey test.
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Figure 5. Fine cell structure of HPC cells after 3 h contact to without (a) and with 2.5 (b) or 5 (c) mg/ml FX-II:TiO2 nanoparticles (NPs) (100:0)
or 2.5 (d) or 5 (e) mg/ml FX-II:TiO2 NPs (97:3). The cells were then fixed for observation under TEM.



García-Contreras et al: Cytotoxicity TiO2 of Nano Glass Ionomer Cement in Culture Oral Cells

905

Figure 6. Fine cell structure of HPLF cells after 3 h contact without (a) or with 2.5 (b) or 5 (c) mg/ml FX-II:TiO2 nanoparticles (NPs) (100:0) or
2.5 (d) or 5 (e) mg/ml FX-II:TiO2 NPs (97:3). The cells were then fixed for observation under TEM.
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Figure 7. Fine cell structure of HGF cells after 3 h contact without (a) or with 2.5 (b) or 5 (c) mg/ml FX-II:TiO2 nanoparticles (NPs) (100:0) or 2.5
(d) or 5 (e) mg/ml FX-II:TiO2 NPs (97:3). The cells were then fixed for observation under TEM.



We considered that autoclaving may alter the cement
characteristics because the glass ionomer material contains
the water molecule in the structure and continues the setting
reaction for as long as one or two months, thus affecting the
experimental results. To avoid this complexity, we have
prepared the fine powder of cement composed of the glass
ionomer material and TiO2 nanoparticles, and investigated its
biological effects as a pilot experiment. However, when the
biological impact of contact to the solid cement is
investigated, milder sterilization methods with either ethylene
oxide, γ-ray or ultraviolet irradiation should be used.
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