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Abstract: Boric acid (BA) form of boron is the most common in humans. BA is a weakly unionized acid at the physiological pH. In the 
current study, we investigated to cytotoxic effect of BA on SH-SY5Y cell line. BA used in this study is commercially purchased. It was 
dissolved in water by probe sonicator under certain conditions and characterization analyses were carried out. The synthesized BA was 
applied to the neuroblastoma SH-SY5Y cell line and the cytotoxic effect of BA were determined by using MTT method. SH-SY5Y cells 
were treated with different concentrations of BA (1-200μg/ml) for 24, 48 and 72 hours. The effects of BA-water on the neuroblastoma SH-
SY5Y cell line were compared to the control group and IC50 values were found for 24, 48 and 72 hours. In this study, it was shown that 
the effect of BA -water system on neuroblastoma SH-SY5Y cell line was inhibitory to growth in cancer cells compared with control group. 
However, there is no study on BA-water so far. This study will provide new information in that regard. 
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1. Introduction 
 
Neuroblastoma treatment continues to be a difficult pediatric 
cancer, with progression of disease with high-risk tumors. 
Approximately 15% of such patients have a 5-year survival 
probability [1]. While many of the high-risk tumors respond 
to initial chemotherapy, most of these patients eventually 
develop chemotherapy-resistant diseases [2,3]. Progressive 
neuroblastomas after chemotherapy may result from altered 
expression of genes associated with drug resistance [4]. To 
overcome drug resistance, the underlying mechanisms for 
successful response to chemotherapy in NB cells as well as 
the failures of treatment should be understood. The molecular 
response of tumor cells to cytotoxic agents has become the 
focus of these efforts because it is clear that these pathways 
can lead to tumor cell death, and that their absence or failure 
may lead to resistant disease [5]. The presence of novel 
compounds with low toxicity and high sensitivity has an 
important place in cancer research [6].  
Recent studies have investigated the effects of 
pharmacological concentrations of BA on cell morphology, 
proliferation and metastasis [7]. Boron has been shown to be 
useful for many species, but it remains unclear in the cellular 
part of the animals [8]. The addition of certain compounds to 
the boron compound gives antitumor properties in different 
cancer cell lines [9]. The mechanism of action of these 
compounds is thought not to be affected by apoptosis but by 
inhibition of histone deacetylase [10-12]. Proteasomes are 
protease complexes found in the cytoplasm of eukaryotes 
with several different catalytic regions. It plays an important 
role in the breakdown and processing of proteins, peptides 
and amino acids in cellular pathways [13]. In this study, we 
investigated BA for a new cancer treatment strategy and 
anticancer activity was assessed on SH-SY5Y neuroblastoma 
cells. 

 
2. Materials and Methods 
 
2.1 Materials 
 
BA obtained commercially from Sigma Aldrich and was used 
as purchased. No dispersant/surfactant was used in BA-water 
suspension. 
 
2.2 Dispersion of boric acid 
 
The commercially available BA was prepared at 25 °C for 60 
minutes in 750W power probe sonicator (Sonics & materials 
INC, USA) to ensure homogeneous distribution of deionized 
water in different mass fractions. It was observed that BA was 
completely dissolved in water even at ambient temperature. 
The prepared suspensions retained their stability even at 
ambient temperature for days or months. 
 
2.3 Characterization  
 
The morphology of BA was measured by a scanning electron 
microscope (TESCAN MIRA3 XMU). X-ray diffraction 
(XRD) data were obtained by a diffractometer (Rigaku 
DMAX IIIC). In order to homogeneously disperse BA in 
water, a probe sonicator (Sonics & amp; materials INC, USA) 
at 750W power was used.  
 
2.4 Cell Culture 
 
SH-SY5Y neuroblastoma cells were maintained in DMEM 
medium, containing 10% fetal bovine serum (FBS), penicillin 
(100 U/mL) and streptomycin (10 mg/L). Cells were grown 
in at 37 °C, 5% CO2 and 95 % air in a humidified incubator. 
For each cell line, 70-80% confluent cell culture flask was 
trypsinized and cells were seeded in 96 well plates. 
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2.5 Cytotoxic effect of BA on SH-SY5Y cells 
 
Cytotoxicity effect of the BA against SH-SY5Y cell lines was 
performed with the MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay according to the 
Skehan’s method [11]. Briefly, cells were trypsinized and 
plated into 96-well plates (Corning, USA) in 0.1 mL of 
complete culture medium at a density of 1×105 cells per well 
and allowed to attach for 24 h. 1 μL of test substance at 
concentrations ranging between 1-200 µg/ml were added into 
each well containing the cells. The plates were incubated at 
37°C with an internal atmosphere of 5% CO2. After 24, 48 
and 72 h incubation, with different concentrations of 
compounds, MTT (5 mg/ml dissolved in PBS) 10 µl/well was 
added directly to all the wells and incubated for 2 hours at 
37°C. After mixing with a mechanical plate mixer for 15min, 
the absorbance of plates was recorded at 570 nm on a 
microplate reader (Bio-Tec, USA).  
 
3. Results and Discussion 
 
3.1. Boric acid 
 
According to the scanning electron microscopy data (Figure 
1), boric acid powder is polydisperse systems. As can be 
observed from the above-mentioned micrograph, the particles 
are spherical and have quasi-agglomerated structures. 
 

 
Figure 1: SEM micrograph of boric acid. 

 
XRD analyses were performed at 35kV and 20 mA by using 
Cu-Kα radiation. In Fig. 2, the maximum intensity 
percentages (I%) of boric acid are observed at the 2θ values 
of 27.68°, 14.82°, and 14.28°. In accordance with the XRD 
pattern of boric acid, boric acid mineral is determined as 
Sassolite with the powder diffraction file of “01-073-2158” 
and the XRD score of 62. 
 
 

 
 

Figure 2: XRD pattern of boric acid 
 

3.2. Cytotoxicity activities of BA on SH-SY5Y cells 
 
The boron has a high affinity to oxygen and, depending on the 
pH, is present in the aqueous solution either as BA (B(OH)3) 
or borate (B (OH)4). Since the pKa of the equilibrium between 
B(OH)3 and borate B(OH)4

− is 9.2, at intracellular pH (7.4) 
free boron exists as the weak Lewis acid, BA. BA, a small 
molecule with a mass of 61.83, is rapidly absorbed from the 
human intestine and excreted in the urine with a half-life of 
21 hours [14,15]. The most common inorganic form of Boron 
is BA. Several studies have shown that BA has anti-tumor 
properties [16-18]. However, there is not enough in vivo 
study to verify the toxicity of boron / BA or to demonstrate 
its usefulness as an anti-cancer agent [19]. A study conducted 
in vitro found that BA inhibited the growth of human prostate 
cancer cell lines [16]. In our study, SH-SY5Y cells were 
exposed to a range of concentrations of BA rate was examined 
by MTT (Figure 3). Compared to the control group, BA, SH-
SY5Y neuroblastoma cells showed significantly decreased 
tumor survival rate after 24h, 48h and 72h of incubation. Cell 
survival rates in BA after 24h, 48h and 72 h of incubation 
were significantly decreased than those in the control group. 
Effect of BA on SH-SY5Y cells was the most active for 72 h 
of incubation. In addition, the most active BA IC50 values for 
24, 48 and 72 hours were 73,11 μg/ml, 51,55 μg/ml and 21,40 
μg/ml respectively (Table 1). 
 

 
Figure 3: Cytotoxity activities of of BA on SH-SY5Y cell 
line 

 
 
 

Table 1: Comparison of IC50 values between BA on SH-
SY5Y after 24 h, 48 h and 72 h of incubation. 
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Time Boric Acid IC50 (μg/mL) 
24h 73,11 
48h 51,55 
72h 21,40 

 
4. Conclusions 
 
BA was prepared homogeneously in the water with the help 
of probe sonicator in ambient temperature and observed that 
the solution was stable. In summary, this work showed that 
BA has a cytotoxic effect on SH-SY5Y cells compared with 
control group. We indicate that high concentrations of BA 
affect SH-SY5Y cells in 24, 48 and 72h times. There is not 
enough data is available about BA toxicity, so BA use as 
cancer treatment can be possible if new toxicity studies are 
performed. In our study, BA application for the treatment of 
neuroblastoma was demonstrated. Apart from this study, 
more studies are needed to determine the effects of boric acid 
completely and precisely. 
 
Acknowledgements 
 
This study was carried out at Cumhuriyet University’s 
Advanced Technology Application and Research Center 
(CUTAM). 
 
References 

 
[1.] London, W. B., Castel, V., Monclair, T., Ambros, P. 

F., Pearson, A. D., Cohn, S. L., ... & Matthay, K. K. 
(2011). Clinical and biologic features predictive of 
survival after relapse of neuroblastoma: a report 
from the International Neuroblastoma Risk Group 
project. Journal of clinical oncology, 29(24), 3286. 

[2.] Hartmann, O., Pinkerton, C. R., Philip, T., Zucker, J. 
M., & Breatnach, F. (1988). Very-high-dose 
cisplatin and etoposide in children with untreated 
advanced neuroblastoma. Journal of Clinical 
Oncology, 6(1), 44-50. 

[3.] Seeger, R. C., Villablanca, J. G., Matthay, K. K., 
Harris, R., Moss, T. J., Feig, S. A., ... & Reynolds, 
C. P. (1991). Intensive chemoradiotherapy and 
autologous bone marrow transplantation for poor 
prognosis neuroblastoma. Progress in clinical and 
biological research, 366, 527. 

[4.] LaQuaglia, M. P., Kopp, E. B., Spengler, B. A., 
Meyers, M. B., & Biedler, J. L. (1991). Multidrug 
resistance in human neuroblastoma cells. Journal of 
pediatric surgery, 26(9), 1107-1112. 

[5.] Kaufmann, S. H., & Earnshaw, W. C. (2000). 
Induction of apoptosis by cancer 
chemotherapy. Experimental cell research, 256(1), 
42-49. 

[6.] Lv, Z. D., Liu, X. P., Zhao, W. J., Dong, Q., Li, F. 
N., Wang, H. B., & Kong, B. (2014). Curcumin 
induces apoptosis in breast cancer cells and inhibits 
tumor growth in vitro and in vivo. International 
journal of clinical and experimental pathology, 7(6), 
2818. 

[7.] Barranco, W. T., & Eckhert, C. D. (2006). Cellular 
changes in boric acid-treated DU-145 prostate 
cancer cells. British journal of cancer, 94(6), 884. 

[8.] Argust, P. (1998). Distribution of boron in the 
environment. Biological trace element 
research, 66(1-3), 131-143. 

[9.] Bone, R., Shenvi, A. B., Kettner, C. A., & Agard, D. 
A. (1987). Serine protease mechanism: structure of 
an inhibitory complex of. alpha.-lytic protease and a 
tightly bound peptide boronic 
acid. Biochemistry, 26(24), 7609-7614. 

[10.] Scorei, R., Ciubar, R., Ciofrangeanu, C. M., 
Mitran, V., Cimpean, A., & Iordachescu, D. (2008). 
Comparative effects of boric acid and calcium 
fructoborate on breast cancer cells. Biological trace 
element research, 122(3), 197-205. 

[11.] Di Renzo, F., Cappelletti, G., Broccia, M. L., 
Giavini, E., & Menegola, E. (2007). Boric acid 
inhibits embryonic histone deacetylases: a suggested 
mechanism to explain boric acid-related 
teratogenicity. Toxicology and applied 
pharmacology, 220(2), 178-185. 

[12.] Drawz, S. M., & Bonomo, R. A. (2010). Three 
decades of β-lactamase inhibitors. Clinical 
microbiology reviews, 23(1), 160-201. 

[13.] Skehan P, Storeng R, Scudiero D, Monks A, 
McMahon J, Vistica D, Warren JT, Bokesch H, 
Kenney S, Boyd MR. New colorimetric cytotoxicity 
assay for anticancer-drug screening. (1990) J Natl 
Cancer Inst.; 82(13):1107-1112. 

[14.] Jansen, J. A., Andersen, J., & Schou, J. S. (1984). 
Boric acid single dose pharmacokinetics after 
intravenous administration to man. Archives of 
toxicology, 55(1), 64-67. 

[15.] Schou, J. S., Jansen, J. A., & Aggerbeck, B. (1984). 
Human pharmacokinetics and safety of boric acid. 
In Disease, metabolism and reproduction in the 
toxic response to drugs and other chemicals (pp. 
232-235). Springer, Berlin, Heidelberg. 

[16.] Barranco, W. T., & Eckhert, C. D. (2004). Boric 
acid inhibits human prostate cancer cell 
proliferation. Cancer letters, 216(1), 21-29. 

[17.] Bradke, T. M., Hall, C., Carper, S. W., & Plopper, 
G. E. (2008). Phenylboronic acid selectively inhibits 
human prostate and breast cancer cell migration and 
decreases viability. Cell adhesion & migration, 2(3), 
153-160. 

[18.] McAuley, E. M., Bradke, T. A., & Plopper, G. E. 
(2011). Phenylboronic acid is a more potent inhibitor 
than boric acid of key signaling networks involved 
in cancer cell migration. Cell adhesion & 
migration, 5(5), 382-386. 

[19.] Lumpkin, M., & Williams, M. (2010). 
Toxicological profile for boron. 

 

Paper ID: ART20192978 10.21275/ART20192978 1490 




