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A b s t r A c t 

Introduction: Different regenerative materials are used to protect and stimulate pulp tissue.  
Objectives: This in vitro study aimed to examine the cytotoxicity of different doses of boron-containing nano- 
hydroxyapatite (B-nHAp) and its antibacterial effect.
Material and methods: B-nHAp was synthesized with microwave-assisted chemical precipitation method at 
different rates, such as 1%, 5%, and 10%. The extracts were prepared in separate tubes: 1%, 5%, 10% B-nHAp, and 
nHAp 50 mg/ml. Cytotoxicity test was performed on L929 mouse fibroblasts for 24 and 72 hours. Antibacterial 
analysis was performed with Streptococcus mutans bacteria using micro-dilution method. Cell viability values 
were evaluated with two-way analysis of variance (ANOVA) test (p < 0.05). 
Results: B-nHAp was successfully synthesized in XRD and SEM analyses. Nano-hydroxyapatite showed more 
cell viability than control group at 24 and 72 hours. All B-nHAp extracts demonstrated less cell viability at the end 
of 24 hrs. than control group. However, 1% B-nHAp cell viability decreased more in the B-nHAp group com-
pared with the control group, while 5% and 10% B-nHAp showed high cell viability after 72 hours of incubation. 
B-nHAp demonstrated less antibacterial effect on Streptococcus mutans compared with nHAp. 
Conclusions: According to the results, the addition of boron to nano-hydroxyapatite does not make a signifi-
cant contribution to increase the regenerative and antibacterial properties of the material. 
Key words: nano-hydroxyapatite, boron, cytotoxicity, Streptococcus mutans. 
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IntroductIon 

Dental pulp, the only soft connective tissue between 
mineralized tissues in the structure of tooth, is vulner-
able to infections caused by different irritants, showing 
limited regenerative capacity [1, 2]. The viability of pulp 
depends on its structural components, which are vas-
cularized and innervated [3]. Pulp stem cells constitute 
an important part of pulp cells, and are usually located 
in the perivascular area, where nerve endings are abun-

dant [4]. They have strong potential for neuro-genesis, 
angio-genesis, and neuro-vascular inductive activity [5]. 
Pulp stem cells renew odontoblasts upon stimulation 
during dentin repair [5, 6]. 

Stem cell-based therapies and dental tissue engi-
neering are new strategies to stimulate both the struc-
tural and physiological roles of the tooth [7]. Bioactive 
glasses easily react with physiological fluids and form 
a  stable interface with hard tissue through the  forma-
tion of  a  hydroxyapatite (HA) layer  [8]. Boron-doped 
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bioactive glasses have been used in tissue engineering 
scaffolds due to their biological properties, such as in-
creased release of  cytokines and increased extra-cel-
lular matrix cycle  [9]. Studies have reported that boron 
increase the  osteogenic and odontogenic differentiation 
of  human tooth germ stem cells (hTGSCs)  [10]. High 
doses of boric acid reduce the viability of dental pulp stem 
cells (DPSCs) [11], mouse osteoblasts [12], human bone 
marrow mesenchymal stem cells (hBMSCs) [13], and rat 
bone marrow mesenchymal stem cells (rBMSCs)  [14]. 
The  anti bacterial effect of  boric acid that is generally 
used as an  antiseptic agent in medical field, has been 
recognized in dentistry. As a result of systemic admini-
stration of boric acid, periodontal inflammation and al-
veolar bone loss decrease [15]. Boric acid is not toxic to 
periodontal ligament stem cells at concentrations of 0.5% 
and 0.75%, and does not inhibit their proliferation, mi-
gration, or adhesion to root surfaces [16]. 

Hydroxyapatite is a bioactive, biocompatible, glass-
like bio-ceramic that replaces the inorganic extra-cellu-
lar matrix of enamel and dentin. nHAp can be used in 
the  regeneration of  bone cells, dentin hypersensitivity, 
and prevention of dental caries  [17]. In caries preven-
tion, it has also been incorporated into toothpastes to 
provide ions that reduce de-mineralization and improve 
re-mineralization [18]. 

In this study, B-nHAp was synthesized by a chemical 
precipitation method to combine the positive properties 
of these two materials. Then, cytotoxicity of the synthe-
sized different B-nHAp doses on L929 mouse fibroblasts 
and antibacterial effect on Streptococcus mutans ATCC 
25175 were investigated in vitro. 

MAterIAl And Methods 

SynTHESiS oF BoRon-conTAininG  
nAno-HyDRoxyApATiTE 

In this study, B-nHAp nano-particles containing bo-
ron at three different rates, i.e., 1%, 5%, and 10%, were 
synthesized via microwave-assisted chemical precipita-
tion method. All chemicals used in the study were pur-
chased from Sigma-Aldrich (USA), and no additional 
purification was applied [19]. According to this method, 
a  certain amount of  calcium nitrate (Ca(NO3)2 4H2O) 
was dissolved in double distilled water. Then, ammonium 
hydrogen phosphate ((NH4)2 HPO4) was added to the 
calcium nitrate solution. Quantities of  these reagents 
were determined according to the  reaction provided 
with Equation 1: 

30 Ca(NO3)2(aq) + 18 (NH4)2HPO4(aq) + 64 NH3 
3 Ca10 (PO4)6(OH)2(k) + 80 N2(g) + 174 H2O (s) 

Next, boric acid (H3BO3) was added to the mixture 
in a pre-determined amount, and pH value of the mix-

ture was adjusted to 10 using concentrated ammonia 
solution (NH4OH). After the  mixture was effectively 
stirred using a  magnetic stirrer (Heidolph, Germany) 
for about 30 minutes, the  final solution was placed in 
a  kitchen-type microwave oven (Arçelik, Turkey), and 
it was subjected to microwave radiation (800 W) for 
about 15 minutes. At the end of the process, the mixture 
was filtered by a vacuum filtration system, and the ob-
tained solid sample was dried at 150oC during 12 hrs. 
in a drying oven. The final sample was subjected to heat 
treatment for 2 hrs. at 1,000 in a muffle furnace (Carbo-
lite, UK). The sample taken from the furnace was placed 
into a desiccator to protect from ambient moisture. Flow 
chart for the  applied synthesis process is presented in 
Figure 1. 

XRD (X-ray diffraction) analysis was performed to 
determine the structural properties of the prepared sam-
ples, and SEM analysis was performed to examine the 
micro-structure properties. XRD analyses of the syn-
thesized material were done with a Bruker D8 Discover 
X-Ray diffractometer, and SEM analyses were performed 
with a FEI NNS450-FEG SEM system. 

pREpARATion oF ExTRAcTS 

The extracts were prepared in separate tubes as  
50 mg/ml B-nHAp and nHAp, synthesized at 1%, 5%, 
and 10%. After being incubated at 37°C for 24 hours, 
the  prepared extracts were diluted with serum-free 
growth culture Dulbecco’s modified eagle’s medium 
(DMEM; Cegrogen Biotech GmbH, Stadtallendorf, 
Germany) at a rate of 1 : 2, 1 : 4, 1 : 8, and 1 : 16 before 
being used in cell culture analysis. L929 cells were used 
as the control group. 

cEll cUlTURE 

The L929 fibroblast cell line used in the study was re-
moved from storage at –196°C and dissolved in a water 
bath at 37°C. The cells were routinely retained in 10% 
fetal bovine serum (PAA Laboratories, Linz, Austria) 
and 1% antibiotic (100 U penicillin/100 µg streptomy-
cin antibiotic; Capricorn Scientific, Germany) contain-
ing DMEM at 37°C and with 5% CO2 incubator. Once 
the cells reached confluency, the cell suspension was pre-
pared as described in ISO 10993-5:2009 (1 × 105 cells/ml)  
by calculating the cell number of the desired density for 
a 96-well cell culture plate using DMEM. This cell sus-
pension was incubated for 24 hrs. in a 96-well cell cul-
ture plates (100 µL/well). After incubation for 24 hours,  
DMEM was removed, and the medium of five different 
dilutions, in which the  filling materials were kept was 
placed in the  wells (100 µl/well) and incubated for 24 
and 72 hours. Then, MTT test was performed. 
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cyToToxiciTy TEST 

MTT (3-(4.5-dimethylthiazol-2-il)-2.5-diphenyltetra-
zolium bromide); Sigma, USA) was mixed with phos-
phate-buffered saline (PBS) (Thermo Fisher, 003002), 
homogenized, and the MTT solution with a final concen-
tration of 5 mg/ml was prepared. The medium of the cells 
incubated in the 96-well cell culture plate for 24 hours was 
aspirated. Then, 13 µl/well MTT solutions were applied 
to the cells and incubated for 4 hours in a dark environ-
ment at 37°C. After incubation, the MTT solution was re-
moved and 100 µl/well dimethyl sulfoksit (DMSO) (Ap-
plichem, 01A3672, 0100), Ammonia; Merck K13391922) 
Ammonia-DMSO 5:100) mixture was added to dissolve 
formazan crystals. The  absorbance was measured at  

550 nm using a  microplate reader (BIO-TEK uQuant, 
BIO-TEK Instruments, Inc., USA). The experiments were 
carried out in triplicate, and the percentage of viable cells 
was defined as the treatment and control groups (the con-
trol group was assumed to be 100% survival). 

AnTiBAcTERiAl AnAlySiS 

Antibacterial activities of  B-nHAp synthesized at 
different rates (1%, 5%, and 10%) were determined by 
the modified micro-dilution method. First, Streptococcus 
mutans ATCC 25175 was inoculated into a brain heart 
infusion (BHI) fluid medium (50 ml) and incubated at 
37°C for 18 hours. Turbidity of the bacterial cell suspen-

Mixing

Magnetic stirring (min. 10 minutes)

Add H3BO3

Adjust pH (10)

Magnetic stirring (min. 30 minutes)

Microwave heating (800 W, 15 minutes)

Filtration

Drying (150oC, 12 h)

Heat treatment (1000oC, 2 h)

Final product (Boron doped nHAP)

Distilled waterCa(NO3)2, 4H2 O (NH4)2HPO4 Calcium nitrate and ammonium  
hydrogen  phospate dissolved  

in distilled water.

The mixture was stirred  
on a magnetic stirrer for 10 minutes.

Boric acid was added to the mixture.

pH value of the mixture was adjusted  
to 10 with ammonia solution.

The mixture was stirred  
on a magnetic stirrer for 30 minutes.

Final mixture was subjected  
to microwave radiation (800 W)  

for about 15 minutes.

The mixture was filtered  
by a vacuum filtration system.

The powder was dried in a drying oven  
in air atmosphere for 12 h.

The final sample was subjected  
to heat treatment for 2 h at 1000oC  

in a muffle furnace.

fIgure 1. Flow chart of the applied synthesis process
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sion was measured at 620 nm with a spectrophotome-
ter, and adjusted according to a 0.5 McFarland standard 
(1–1.5 × 108 cfu/ml). Of this bacterial suspension, 200 µl 
was inoculated into BHI medium containing 1 : 1, 1 : 2,  
1 : 4, 1 : 8, and 1 : 16 diluted B-nHAp and nHAp solutions. 
Following the incubation step of 24 hours at 37°C, tur-
bidity measurement was performed with a spectropho-
tometer at 620 nm. To determine the initial bacterial tur-
bidity, 200 µl Streptococcus mutans was inoculated into 
B-nHAp and nHAp-free medium and incubated under 
the same conditions. After measuring absorbance values 
of the first and last bacterial suspensions in the samples, 
relative bacterial inhibition growth (%) was calculated 
according to the formula given below: 

Relative bacterial inhibition growth (%): ((Ai – Af)/Ai) 
× 100, 

where Ai is an average of six replicates of absorbance 
at 620 nm of  the  initial bacterial suspensions, and Af 
is an average of six replicates of absorbance at 620 nm 
of the final bacterial suspensions. 

STATiSTicAl AnAlySiS 

Statistical analysis of data was performed using SPSS 
22.0 (SPSS Inc., Chicago, IL, USA). Cell viability values 
of nHAp and B-nHAp at the end of 24 and 72 hours were 
evaluated using two-way analysis of variance (ANOVA) 
and Tukey’s multiple comparison test (p < 0.05). Anti-
bacterial effects of  nHAp and B-nHAp (1%, 5%, and 
10%) on Streptococcus mutans were evaluated using two-
way analysis of variance (ANOVA) and Tukey’s multiple 
comparison test (p < 0.05). 

results 

xRD AnD SEM AnAlySES 

X-ray diffractograms of the samples containing 1%, 
5%, and 10% boron of nano-hydroxyapatite are present-
ed in Figure 2, and SEM images are shown in Figure 3.  
In the comparison of X-ray diffractograms with stan-
dard databases, the X-ray patterns obtained were fully 
compatible with the standard diffraction card (ICDD-
PDF 00-001-1008) that was defined for hydroxyapatite, 
and all reflection peaks defined for this structure on 
this card were obtained. Furthermore, no peak result-
ing from the added H3BO3 was recorded. Accordingly, 
the added H3BO3 degraded into an amorphous struc-
ture in the  reaction, and did not change the  crystal 
structure. 

The synthesized samples in SEM images consisted 
of  nano-scale particles with a  relatively homogeneous 
shape size distribution. The  particles obtained in all 
three samples containing different amounts of  boron 
were very close to each other in terms of morphologi-
cal properties. In addition, the  increase in the amount 

fIgure 2. X-ray diffractograms of boron-containing na-
no-hydroxyapatite. Black: 1% B-nHAp, red: 5% B-nHAp, 
blue: 10% B-nHAp
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fIgure 3.  SEM images of boron-containing nano-hydroxyapatite. A) 1% B-nHAp, B) 5% B-nHAp, C) 10% B-nHAp
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of boron did not have a significant effect on the morpho-
logical properties of nano-hydroxyapatite. 

MTT TEST 

Tables 1 and 2 show cell viability of  nHAp and 
B-nHAp (1%, 5%, and 10%) on L929 mouse fibroblasts. 
The  cell viability of  nHAp and B-nHAp extracts (1%, 
5%, and 10%) at the end of 24 hours showed statistically 
significant differences compared with the control group 
(p < 0.001). The extracts of nHAp in dilution ratios of  
1 : 2 and 1 : 4 demonstrated more increased cell viability 
than the control group (p < 0.001). The extracts of 1%, 
5%, and 10% B-nHAp all dilutions presented more de-
creased cell viability than the control group at the end 
of  24 hours (Figure 4). Statistically significant differ-
ences were observed in the  cell viability of  nHAp and 
B-nHAp extracts (1%, 5%, and 10%) at the  end of  72 
hours compared with the  control group (p  <  0.001). 
The  extracts of  nHAp in dilution ratios of  1 : 2, 1 : 4, 
and 1 : 8 showed higher cell viability than the  control 
group (p < 0.001). The extracts of nHAp in 1 : 8 dilution 
ratio demonstrated the highest cell viability. The extracts 
of 1% B-nHAp in the whole dilution presented more de-
creased cell viability than the  control group. However, 
the extracts of 5% and 10% B-nHAp in 1 : 4, 1 : 8, and  
1 : 16 dilutions showed higher cell viability than the con-
trol group (Figure 5). 

AnTiMicRoBiAl AnAlySiS 

Figure 6 displays the antibacterial effect of nHAp and 
B-nHAp (1%, 5%, and 10%) on Streptococcus mutans. 
Although nHAp particles showed the  most antibacte-
rial effect, the antibacterial effect decreased as the rate 
of  nano-hydroxyapatite dilution increased (p  <  0.001). 
B-nHAp at the rates of 1%, 5%, and 10% demonstrated 
less antibacterial effect than nHAp extracts (p < 0.001). 
The addition of boron to nano-hydroxyapatite did not 
increase antibacterial activity. 

table 1. Cell viability percentages of the extracts of nHAp and B-nHAp (1%, 5%, and 10%) in different dilutions at 
the end of 24 hours 

Material/dilution ratio nhAp 1% b-nhAp 5% b-nhAp 10% b-nhAp 

1 : 1 10.1 ± 1.5a,A 47.9 ± 5.7a,B 7.3 ± 0.3a,A 7.4 ± 0.5a,A 

1 : 2 118.7 ± 9.4b,A 79.6 ± 4.9b,B 76.6 ± 2.4b,B 64.6 ± 6.7b,c 

1 : 4 108.3 ± 5.3c,A 88.8 ± 5.2c,B 73.4 ± 3.2b,c 80.5 ± 8.7c.Bc 

1 : 8 94.3 ± 3.6d,A 90.9 ± 4.2c,A 76.4 ± 1.5b,B 80.2 ± 3.7c,B 

1 : 16 99.5 ± 3.5d,A 84.4 ± 3.9bc,B 84.9 ± 7.4c,B 88.7 ± 9.6c,B 

control (DMEM) 100.0 ± 5.2d 100.0 ± 5.2d 100.0 ± 5.2d 100.0 ± 5.2d 

*Statistical difference between concentration rates of materials is shown as ‘a-d’, and statistical difference between nHAp and B-nHAp (1%, 5%, and 10%) is shown as ‘A-C’; p < 0.001

table 2. Cell viability percentages of the extracts of nHAp and B-nHAp (1%, 5%, and 10%) in different dilutions at 
the end of 72 hours 

Material/dilution ratio nhAp 1% b-nhAp 5% b-nhAp 10% b-nhAp 

1 : 1 11.1 ± 0.2a,A 21.4 ± 2.3a,B 20.1 ± 1.6a,B 15.5 ± 1.6a,AB 

1 : 2 106.5 ± 10.9b,A 78.2 ± 3.2b,B 65.4 ± 5.8b,B 50.2 ± 8.1b,c 

1 : 4 134.5 ± 18.1c,A 87.4 ± 4.6c,B 104.6 ± 13.1c,B 101.9 ± 10.1c,B 

1 : 8 156.9 ± 22.1c,A 84.9 ± 6.2c,B 109.9 ± 16.5c,c 117.1 ± 16.2d,c 

1 : 16 94.1 ± 8.3b,A 91.3 ± 5.2c,A 115.1 ± 17.7c,B 128.6 ± 10.7d,B 

control (DMEM) 100.0 ± 5.5b 100.0 ± 5.5cd 100.0 ± 5.5d 100.0 ± 5.5c 

*Statistical difference between concentration rates of materials is shown as ‘a-d’, and statistical difference between nHAp and B-nHAp (1%, 5%, and 10%) is shown as ‘A-C’; p < 0.001

fIgure 4. Cell viability percentages of the extracts of 
nHAp and B-nHAp (1%, 5%, and 10%) in different dilu-
tions at the end of 24 hours
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dIscussIon 

This study examined the cytotoxicity and antibacte-
rial effect of  B-nHAp synthesized at 1%, 5%, and 10% 
using nano-hydroxyapatite. The cytotoxicity of B-nHAp 
L929 on mouse fibroblast cells at DS was demonstrat-
ed in comparison with nHAp and B-nHAp. In addition, 
the antibacterial effect of nHAp and B-nHAp on Strep-
tococcus mutans was examined using a modified micro- 
dilution method. 

Nano-hydroxyapatite can form a  protective layer 
by penetrating the enamel and dentin surfaces affected  
by caries attack [18, 20]. In early-stage caries, hard tis-
sue loses mineral ions with acid attack from bacterial 
metabolism, but the collagen network remains unaffect-
ed. This attempt to re-mineralize organic scaffolding is 
carried out using nano-particles (nHAp), which act as 
a direct substitute for the final minerals or as a carrier for 
ions lost in caries attack [20]. 

Boron is generally released from biomaterials at low 
rates and in short periods  [21]. In their study, Gizer 

et al.  [22] reported that boron was released from the 
B-nHAp composite within the  first hour, and that 
B-nHAp, nHAp composites, and/or boric acid changed 
the proliferation of bone cells and osteogenic differen-
tiation depending on the dose and time. Hakki et al. [12] 
reported that a  higher concentration of  boron on 
MC3T3-E1 cells decreased the  cell survival rate in 
a short time, but then this effect disappeared, and there 
was no toxic effect. 

Saglam et al.  [23] evaluated the  toxicity of  boric 
acid at different concentrations (6%, 3%, 1.5%, 0.75%, 
0.375%, 0.1875%, and 0.09375%), and reported that 
boric acid below 0.75% was not toxic to gingival fibro-
blasts and periodontal ligament fibroblasts. Another 
study showed that 5 mg/ml  –  2,000 mg/ml (0.0005% 
and 0.2%) concentrations were not toxic for these cells 
when the cytotoxicity of boric acid against adipose stem 
cells was evaluated using the MTS method [24]. The lite-
rature has reported that high boric acid concentrations 
cause a  decrease in the  pH of  a  medium, leading to 
harmful effects on cells that grow very well under neu-
tral conditions [16]. 

In this study, a dose-dependent effect was observed 
on 1%, 5%, and 10% B-nHAp L929 mouse fibroblast 
cells. In addition, as the dilution rate of B-nHAp extracts 
increased (1 : 1, 1 : 2, 1 : 4, 1 : 8, and 1 : 16), the cell viabil-
ity also increased. However, it showed less cell viability 
in the B-nHAp group than in the nHAp group after 24 
and 72 hours. 

Tooth decay is the  localized destruction of  dental 
hard tissue under the  influence of  acids produced by 
bacteria [25]. The primary pathogenic bacteria of den-
tal caries are Streptococcus mutans  [26]. Therefore, in 
the current study, the extracts were tested against Strep-
tococcus mutans. 

In the medical field, boric acid has been reported to 
have a bacteriostatic and bactericidal effect. Karaarslan et 
al. [27] reported that boric acid at concentrations of 0.5% 
and above could prevent the growth of Aspergillus and 
Candida albicans, and this effect was not observed at 
lower concentrations. Kanoriya et al. [28] reported that 
a 0.75% boric acid concentration could help significant-
ly reduce periodontal pocket depth and gingival bleed-
ing compared with a placebo group. Demirci et al. [11] 
reported that boron-containing composites showed 
a  remarkable antibacterial effect against Streptococcus 
mutans, and increasing osteogenic and odontogenic dif-
ferentiation capacity of hDPSCs. In our study, B-nHAp 
showed an  antibacterial effect on Streptococcus mutans 
ATCC 25175. However, this antibacterial effect was 
found to be less than that of nHAp. Furthermore, the an-
tibacterial effect on Streptococcus mutans decreased as 
the rate of nHAp and B-nHAp dilution increased. 

An important limitation of  this study is the  use 
of only L929 mouse fibroblast cells. In this study, unlike 
the  literature, the  addition of  boron to nano-hydroxy-
apatite did not significantly increase regenerative and 

fIgure 5. Cell viability percentages of the extracts of 
nHAp and B-nHAp (1%, 5%, and 10%) in different dilu-
tions at the end of 72 hours 
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fIgure 6. Relative bacterial growth inhibition (%) analy-
sis of nHAp and B-nHAp (1%, 5%, and 10%) on Strepto-
coccus mutans ATCC 25175
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antibacterial properties of  the  material. Regenerative 
effects on pulp cells should be evaluated in future stud-
ies. Therefore, prospective studies are needed to prove 
the  clinical suitability and applicability of  B-nHAp in 
dentistry practice. 

conclusIons 

This study demonstrated that B-nHAp (1%, 5%, and 
10%) decreased cell viability more than nHAp in L929 
mouse fibroblasts. B-nHAp (1%, 5%, and 10%) showed 
less antibacterial effects on Streptococcus mutans than 
nHAp. As the rate of nHAp and B-nHAp dilutions in-
creased, the  regenerative effect on the  cells increased, 
while the  antibacterial effect decreased. The  addition 
of boron to nano-hydroxyapatite does not make a  sig-
nificant contribution to increasing the regenerative and 
antibacterial properties of the materials. 
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