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1. INTRODUCTİON 
 

Today, lung cancer, one of the most important health 

problems, is the most common cause of mortality in both 

men and women.
[1-3]

 More than one million people 

decease each year out of for the treatment of lung cancer 

in the world. Since 1985, the number of lung cancer 

cases has increased by 44% in men and by 76% in 

women worldwide.
[3]

 While lung cancer has tripled since 

1985, other cancer types have shown a decrease in 

mortality rates.
[4]

 The prognosis of lung cancer is worse 

than other types of cancer, and the five-year survival rate 

is less than 15%.
[5]

 

 

A549 cells were isolated by D.J. Giard et al. in 1972 

from the lung carcinoma of a 58-year-old man from 

Central Asia.
[6]

 These isolated cells were cultured for 

1000 generations and it was concluded that these cells 

were immortal.
[7]

 There are two types of alveolar cells. 

Type I covers 96% of the inner surface of the alveoli and 

is difficult to be produced in vitro envorinment. Type II, 

on the other hand, occupies less surface and has many 

functions. In addition, type II cells are ancestor cells of 

type I cells. A549 lung cells originated from human 

alveolar carcinoma cells match with the type II alveolar 

cell phenotype, and share many characteristics with 

human primary alveolar epithelial cells.
[8,9]

 It is therefore 

widely used not only in lung cancer models, but also in 

in vitro studies of human alveolar epithelial cells.
[10-13,7]

 

Cells proliferate by adhering on a single surface and the 

doubling time is approximately 22 hours.
[14]

 

 

Boron, which is used in more than 400 areas from 

nuclear, glass, ceramics, pharmaceuticals, detergents, 

agricultural and fertilizer industry to the automobile 

industry, is an element the usage field of which increase 
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ABSTRACT 
 

Today, lung cancer, one of the most important health problems, is the most common 

cause of mortality in both men and women. A549 lung cells derived from human 

alveolar carcinoma cells match the type II alveolar cell phenotype,  have many 

characteristics of human primary alveolar epithelial cells. Boron is used in many fields 

such as , nuclear, glass, ceramics, pharmaceuticals, detergents, agriculture and its usage 

areas are increasing day by day. Recent studies have shown that boron is an important 

element for human health. Based on this information, this study investigated the effect 

of different concentrations of boric acid in the A549 human lung cancer cell line, by 

analyzing proliferation assay, TAS (Total Antioxidant Status), TOS (Total Oxidant 

Status), VEGF (Vascular Endothelial Growth Factor) and PARP (Poly (ADP-). Ribose 

Polymerase). Proliferation assay was performed using CCK8 Assay Kit. TAS, TOS, 

VEGF and PARP analyzes were performed using Sun-Red Human Total Antioxidant 

Status Elisa Kit, Sun-Red Human Total Oxidant Status Elisa Kit, Sun-Red Human 

(VEGF) Elisa Kit and Sun-Red Human (PARP) Elisa Kit, respectively. it is made. In 

the study, the proliferation test showed that the viability values decreased in 

proportions with doses at 5 mM, 10 mM, 20 mM, 40 mM and 100 mM concentrations 

and the IC50 value was determined as 20 mM. There was no significant difference 

between TAS and TOS analysis. In VEGF values, it was observed that VEGF values 

decreased at 10 mM and 20 mM boric acid concentrations compared to the control 

group, but there was no significant difference in 40 mM boric acid concentration. A 

significant increase in PARP values was observed at all concentrations of 10 mM, 20 

mM and 40 mM. As a result; We may be think 10 mM, 20 mM and 40 mM 

concentrations of boric acid may decrease angiogenesis by decreasing VEGF levels. 

As a result of the increase in PARP values, we may be think  boric acid leads to cell 

necrosis at concentrations of 10 mM, 20 mM and 40 mM. 
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day by day. Given its current uses, boron is said to be the 

most strategic mine in the world.
[15,16]

 

 

Recent studies have shown that boron is an important 

element for human health.
[17-23]

 Boron, existent 

especially in the structure of bones and teeth, plays 

crucial role in the absorbtion of calcium, phosphorus and 

magnesium. Therefore, it is a vital element for bone 

health. Indeed, daily boron supplementation has been 

shown to be effective in the treatment of osteoporosis.
[18]

 

In a study, it was reported to be effective coronary heart 

disease.
[19]

 Based on this information, this study was 

conducted to investigate the effect of different 

concentrations of boron on the A549 human lung cancer 

cell line. 

 

2. MATERİALS AND METHODS 
 

2.1. Materials 

Human lung alveolar basal epithelial cells used in the 

study (A549), was obtained from Assoc. Dr. Ömer 

Hazman, Afyon Kocatepe University Department of 

Molecular Biology and Genetics. 

 

2.2. Method 

2.2.1. Sterilization Before Cell Culture 

All plastic materials used in cell culture and ready-made 

sterile media were obtained from commercial companies. 

Following the incubations, the lysate and medium 

samples prepared from the cells were analyzed using the 

methods described below.  

 

2.2.2. Cell culture 

The main content of the medium used in the culture of 

A549 cells is RPMI 1640, and it contains 10% fetal 

bovine serum (FBS) and 1% penicillin / streptomycin. 

Cell culture was performed by being incubated under 

sterile conditions in a carbon dioxide incubator providing 

5% CO2 and 37oC temperature conditions in sterile 

prepared medium containing T25 and T75 flasks. 

 

Passaging was performed when the cells being amplified 

reached a density of approximately 85% of the culture 

flask. Cells were used in experiments when they reached 

a sufficient number.  

 

2.2.3. CCK 8 Cell Viability Test 

For the CCK 8 cell viability test, the cells were seeded in 

a 90-well plate at 90 tal in RPMI medium containing 

10% FBS and 1% penicillin / streptomycin at 90 vel and 

incubated in a 5% CO 2 and 37°C incubator. After 24 

hours, the wells were divided into the following groups 

(Table 1). Three repetitions of each group were 

performed. 

 

Table 1: Working Groups. 
 

Groups Applications 

Group 1 RPMI containing 10% FBS and 1% penicillin / streptomycin 

Group 2 30 µM Cis Platin 

Group 3  100 mM Boric Acid 

Group 4 75 mM Boric Acid 

Group 5 40 mM Boric Acid 

Group 6 20 mM Boric Acid 

Group 7 10 mM Boric Acid 

Group 8 5 mM Boric Acid 

 

After the applications, they were allowed to incubate for 

48 hours. After 48 hours, 10 CCl of CCK 8 solution was 

added. Incubation was allowed for 2 hours. At the end of 

the incubation period, they were shaken for 10 seconds 

and were measured at 450 nm wavelength with plate 

reader. 

 

2.2.4. PARP Analysis 

Cells in 75 cm² flask were used for PARP analysis. Cells 

were removed with the aid of trypsin. An than they were 

centrifuged and supernatat was discarded and the 

resulting pellet were turned into suspension with the 

addition of medium. 

 

24-well cell culture plates were used for the experiment. 

The A549 cell was seeded in wells at a density of 5x10⁵. 
The plate was allowed to stand in the incubator for 24 

hours and at the end of 24 the cells from the incubator 

were treated with various concentrations of Boron. It was 

placed in a 37ºC incubator for 48 hours. After 48 hours, 

the cells were removed from the incubator. Media from 

the plated cells were removed and treated with 

approximately 700μl of PBS. PBS was withdrawn from 

the treated cells. 200μl trypsin was added to the cells and 

placed in a 37ºC incubator and cells were lifted. 450μl of 

medium was added to the cells separated from the 

surface to eliminate the effect of trypsin. The cells were 

transferred to the ependor for PARP by means of a 

disposable pipette. The cells in the epondorph were 

centrifuged at 2100 rpm for 15 minutes at 15ºC. After 

centrifugation, the supernatant was discarded. The 

medium was added to the ependorf and gently mixed, 

then added to a 96-well plate loaded with single-use 

antibody in the kit. Reagents, samples and standards 

were prepared. Prepared samples and standards were 

seeded in a 96-well plate and allowed to incubate at 37°C 

for 60 minutes. After incubation, the wells were washed 

with wash solution five times each, Chromogen solution 
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A and B were added, incubated at 37°C for 10 minutes. 

The stop solution was then added and the measurement 

was performed.  

 

2.2.5. VEGF Analysis 

Cells in 75 cm² flask were used for PARP analysis. Cells 

were removed with the aid of trypsin. An than they were 

centrifuged and supernatat was discarded and the 

resulting pellet were turned into suspension with the 

addition of medium. 

 

24-well cell culture plates were used for the experiment. 

The A549 cell was seeded in wells at a density of 5x10⁵. 
The plate was allowed to stand in the incubator for 24 

hours and at the end of 24 the cells from the incubator 

were treated with various concentrations of Boron. It was 

placed in a 37ºC incubator for 48 hours. After 48 hours, 

the cells were removed from the incubator. Media from 

the plated cells were removed and treated with 

approximately 700μl of PBS. PBS was withdrawn from 

the treated cells. 200μl trypsin was added to the cells and 

placed in a 37ºC incubator and cells were lifted. 450μl of 

medium was added to the cells separated from the 

surface to eliminate the effect of trypsin. The cells were 

transferred to the ependor for VEGF analysis with a 

disposable pipette. The cells in the epondorph were 

centrifuged at 2100 rpm for 15 minutes at 15ºC. After 

centrifugation, the supernatant was discarded. The 

medium was added to the ependorf and gently mixed, 

then added to a 96-well plate loaded with single-use 

antibody in the kit. Reagents, samples and standards 

were prepared. Prepared samples and standards were 

seeded in a 96-well plate and allowed to incubate at 37°C 

for 60 minutes. After incubation, the wells were washed 

with wash solution five times each, Chromogen solution 

A and B were added, incubated at 37°C for 10 minutes. 

The stop solution was then added and the measurement 

was performed. 

 

2.2.6. Statistical Analysis 

The data were analyzed using SPSS-18 computer 

program and the results were given as mean ± standard 

deviation (SD). After the homogeneity of the groups was 

tested, Duncan were used in one-way ANOVA test to 

find differences between groups. Differences were 

considered statistically significant at P<0.05. 

 

3. RESULTS 
 

3.1. Proliferation Test Finding 

A549 Dose ranges for lung cancer cell line were 

determined as 5, 10, 20, 40, 75, 100 mM. At the end of 

24, 48 and 72 hours, the inhibition 50 (IC50) dose was 

determined as 20 mM bu using CCK8 kit due to %50 

death rate of cancer cells and the viability of cancer cells 

gave better results at 48 hours (Figure 1). Other 

experiments were based on this time and concentration. 

 

 
Figure 1: Viability-Concentration Graph. 

 

3.2.PARP and VEGF Analysis Findings  
PARP and VEGF analyzes were performed on A549 cell 

line treated with boric acid at 10 mM, 20 mM and 40 

mM concentrations. The results are given in Table 2. 

 

Table 2: PARP and VEGF results. 
 

 PARP (ng\L) VGEF (ng\L) 

Control 0,2480± 0,04
a 

0,63 ± 0,02
a 

Bor 10 mM 0,6881± 0,08
b 

0,074 ± 0,01
b 

Bor 20 mM 0,6219± 0,01
b 

0,068 ± 0,01
b 

Bor 40 mM 0,6560± 0,08
b 

0,062 ± 0,006
 b 

Cis Platin  0,6365± 0,03
b 

0,53 ± 0,05
c 

**a,b,c: Means in the same column by the same letter are 

not significantly different according to the one way 

ANOVA-Duncan test (P<0.05). 

 

3.3. TAS and TOS Analysis Findings 
There was no significant change in TAS and TOS 

analysis.  

 

4. DİSCUSSİON 
 

Boron, which is used in more than 400 areas from 

nuclear, glass, ceramics, pharmaceuticals, detergents, 

agricultural and fertilizer industry to the automobile 

industry, is an element the usage field of which increase 
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day by day. Given its current uses, boron is said to be the 

most strategic mine in the world.
[15,16]

 

 

Recent studies have shown that boron is an important 

element for human health.
[17-23]

 Boron, existent 

especially in the structure of bones and teeth, plays 

crucial role in the absorbtion of calcium, phosphorus and 

magnesium. Therefore, it is a vital element for bone 

health. Indeed, daily boron supplementation has been 

shown to be effective in the treatment of osteoporosis.
[18]

 

In a study, it was reported to be effective coronary heart 

disease.
[19]

 Based on this information, this study was 

conducted to investigate the effect of different 

concentrations of boron on the A549 human lung cancer 

cell line. In a study; in human prostate cancer cells, the 

cell line DU-145 was used and the presence of boric acid 

suppressed the growth rate.
[24]

 In another study, the effect 

of boric acid was analyzed on MDA-MB-231 and MDA-

MB-435 estrogen receptor negative human breast cancer 

cell lines, but the dose of 1mM boric acid did not show 

any effect on both cells. Positive cell lines MCF-7 and 

T47-D also showed no significant inhibition. It is 

envisaged that the reason for this may be different cell 

mediums that are used in flasks. In the measurements 

taken on the 7th day, there was a 15% growth inhibition 

in the estrogen receptor negative SK-BR-3 cell line and 

40% growth inhibition in the estrogen receptor positive 

cell line ZR-75-1. In the light of these studies, it was 

predicted that the inhibitory effect of boric acid was not 

responsive to steroid hormone metabolism. Based on 

these data, the role of boric acid in the mechanism of 

inhibiting tumor growth has not been understood.
[25]

 

Molecular studies have shown that boric acid binds to 

cis-diols on fragments of nucleotides, including ribose, 

NAD. From this point of view, researchers have thought 

that boric acid with nucleotides, nucleotide-borate 

complexes are formed that by combination of boric acid 

with nucleotides antiproliferatively affect the functioning 

or use of nucleotides.
[26,27]

 In another study, Scorei R. et 

al. investigated the effects of boric acid and calcium 

fructobate on MDA-MB-231 breast cancer cell line. The 

effects of different doses of boric acid and fructoborate 

(0.45-22.5 mM) on cell viability were investigated by 3- 

(4,5-dimethylthiazolyl-2) -2,5-diphenyltetrazolium 

bromide (MMT) method. CF and BA have been shown 

to induce a concentration-dependent cytotoxicity in 

MDA-MB-231 cells.
[28]

 Ceyhan et al. investigated DU-

145 Human Prostate Cancer Cell Line high 

concentrations of boric acid oxidative stress, apoptotic 

pathways and morphological changes. The effects of 

boric acid (0–16,15 mM) applied at varying doses on cell 

viability after 24 hours were examined by MTT. Boric 

acid-containing cells have been found to cause a 

statistically significant decrease in cell viability 

compared to control group.
[29]

 In this study, 5mM, 10 

mM, 20 mM, 40 mM and 100 mM boric acid were 

applied and a direct proportional decrease in cell 

proliferation was observed in the A549 lung cancer cell 

line at 24, 48 and 72 hours. However, after a very high 

antiproliferative effect in the 72th hour data, other 

studies were conducted over a 48 hour incubation period. 

Ceyhan et al. DU-145 examined the effect of high 

concentrations of boric acid on oxidative stress in the 

human prostate cancer cell line. TAS-TOS parameters 

were used to measure oxidant and antioxidant status and 

these parameters are considered to be the most 

commonly used important parameters. DU-145 cells 

when compared to control group cells exposed to 

increased boric acid concentrations compared to control 

caused a significant increase in TOS levels, while 

concentration-dependent boric acid led to a significant 

reduction in TAS levels. In conclusion, they found that 

boric acid inhibited proliferation in this study. They 

concluded that boric acid treatment triggers oxidative 

stress by reducing TAS in the DU-145 prostate cancer 

cell line and increasing TOS levels.
[29]

 On the other hand, 

in this study on A549 lung cancer cell line, TAS and 

TOS values were examined but no significant difference 

was found between them. Poly (ADP-Ribose) 

Polymerases (PARPs) belong to the family of enzymes 

that perform multiple cellular processes in addition to 

DNA repair. PARP1 is best characterized and is one of 

the PARPs activated by two DNA damage. Poly 

(ADPRibose) Polymerase (PARP, MA: 116 kDa) is one 

of the most abundant proteins in the nucleus. It catalyzes 

the polymerization of ADP-ribose from NAD + 

molecules in target cellular proteins by attaching to 

linear or branched polymers. PARP has many roles in 

most molecules and cellular processes such as DNA 

damage detection and repair, chromatin modifications, 

transcription and cellular death pathways. These 

processes are very critical in physiological and 

pathological outcomes such as genome repair, 

carcinogenesis, aging, inflammation, and neuron 

function.
[30]

 PARP, one of the first identified substrates 

of caspase has vital role especially in apoptosis and 

necrosis. In the apoptosis process, caspase 7 and caspase 

3 cleave PARP between Asp214 and Gly215 and break 

down p85 and p25. The PARP cleavage separates DBD 

from the catalytic domain and inactivates the enzymes. 

This eliminates PARP activation in response to DNA 

fragmentation during apoptosis and hinders the necessary 

ATP consumption in necrotic cell death and the futile 

efforts required for DNA repair. Thus, PARP cleavage 

helps the cell enter the apoptotic pathway and is 

recognized as the distinctive feature of apoptosis.
[30,31]

 

PARP works according to the amount of damage in 

DNA. If DNA damage is very high, PARP leads the cell 

to necrosis with ATP / NAD consumption. If DNA 

damage is minimal, PARP, along with other DNA repair 

enzymes, can help the cell survive. If the caspase is 

activated, caspase, which plays a critical role in 

apoptosis from the caspase family and is the main 

responsible for the cleavage of PARP, goes into cell 

apoptosis by performing PARP cleavage.
[32]

 The 

decrease of PARP protein on BPH-1 (Bening Prostate 

Hyperplasia Cell Line) cell lines to which DPB 

(Disodium Pentaboratdekahydrate) was applied for 48 

hours shows that the DNA doesn't enter into the path of 

repair mechanism, while an increade in this cleaved 
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PARP as opposed to PARP protein level indicates that 

cells enter into the path of apoptosis.
[33]

 In this study, 

PARP level was higher than the control group and a 

significant difference was observed between them. No 

significant difference was observed between the cisplatin 

group. PARP overactivation leads to more NAD⁺ and 

ATP consumption, which in turn leads to cell 

dysfunction or necrosis.
[34]

 As a result of the experiment 

PARP values were higher in the cisplatin group and in 

the groups where boric acid concentrations were applied. 

This is due to the fact that PARP leads the cells to 

necrosis bu incresing NAD and ATP consumption owing 

to the overactivation of PARP in cisplatin the same 

reason may be valid for boric acid concentration. In 

addition, TAS-TOS values were also evaluated. But there 

was no significant relationship between them. Cancer 

cells grow and grow uncontrolled. These cells need new 

vascular formation to grow further. Cancer cells secrete a 

number of angiogenic factors (VEGF, epidermal growth 

factor (EGF), interleukin-18). Many of these factors act 

on different small vessels and bind to receptors in the 

endothelial cell, resulting in new vessels.
[35,28]

 Based on 

this information, VEGF values increase in cancer cells 

and decrease in cytotoxic drugs. In a study, the effect of 

borax on the treatment process of boron derivatives in 

human testicular germ cell tumors was investigated and 

found to be able to produce an anti-invasive effect by 

suppressing VEGF expression at high doses.
[36]

 In this 

study, it was observed that boric acid decreased VEGF 

level compared to control and even cisplatin group. 

 

CONCLUSİON 
 

We can say that various BA concentrations have 

antiproliferative effect on A-549 lung cancer cell line. 

We think that the increase in PARP levels leads to cell 

necrotic death and we can interpret the decrease of 

VEGF levels as preventing angiogenesis. 

 

REFERENCES 
 

1. Greenlee R.T., Murray T., Bolden S., Wingpo C.A., 

Cancer statistics , Ca-Cancer J Clın, 2000; 50: 7-33. 

2. Roberts A.B., Wakefield L.M., The two faces of 

transforming growth factor beta in carcinogenesis,  

PNAS, 2003; 100: 8621–8623. 

3. Parkin D.M., Bray F., Ferlay J., Pisani P., Global 

cancer statistics, Ca-Cancer J Clın, 2005; 55:         

74-108. 

4. Yurdakul A.S., Çalışır H.C., Demirağ F., Taci, N., 

Öğretensoy M., Akciğer Kanserinin Histolojik 

Tiplerinin Dağılımı (2216 olgunun analizi), Toraks 

Dergisi, 2002; 3: 59- 65. 

5. Bunn P.A. Jr Franklin W., Epidermal growth factor 

receptor expression, signal pathway, and inhibitors 

in non-small cell lung cancer, Semın Oncol, 2002; 

29: 38–44. 

6. Giard D. J., Aaronson S. A., Todaro G. J., Arnsteın 

P., Kersey J. H., Dosık H., Parks W. P., In vitro 

cultivation of human tumors: establishment of cell 

lines derived from a series of solid tumors”, Jncı-J 

Natl Cancer I, 1973; 51(5): 1417–1423. 

7. Lıeber M., Smıth B., Szakal A., Nelson-Rees W., 

Todaro G., A continuous tumor-cell line from a 

human lung carcinoma with properties of type II 

alveolar epithelial cells, Int. J. Cancer, 1976; 17(1): 

62–70. 

8. Fang R., Aust A. E., Induction of ferritin synthesis 

in human lung epithelial cells treated with 

crocidolite asbestos,  Arch. Biochem. Biophys., 

1997; 340(2): 369-375. 

9. Shımızu K., Endo O., Goto S., Sakoda A., Ono Y., 

Sakaı Y., Bioassay-based evaluation of toxicity of 

suspended particulate matter in humans: integrated 

uses of alveolar cells (A549) in air-liquid interface 

culture and hepatocarcinoma cells (Hep G2),  

Biochem. Eng, 2004; 22: 1–9. 

10. Tıan D., Zhu M., Lı J., Ma Y., Wu R., Cigarette 

smoke extract induces activation of beta-

catenin/TCF signaling through inhibiting GSK3beta 

in human alveolar epithelial cell line, Toxicol. Lett., 

2009; 187(1): 58–62. 

11. Wang Y., Yang H., Lıu H., Huang J., Song X., 

Effect of staurosporine on the mobility and 

invasiveness of lung adenocarcinoma A549 cells: an 

in vitro study, BMC Cancer, 2009; 9(1): 174. 

12. Shın S., Cha H. J., Lee E. M., Lee S. J., Seo S. K., 

Jın H.O., Park I. C., Jın Y. W., An S., Alteration of 

miRNA profiles by ionizing radiation in A549 

human non-small cell lung cancer cells, Int. J. 

Oncol, 2009; 35(1): 81–86. 

13. Jıang R. D., Shen H., Pıao Y. J., The 

morphometrical analysis on the ultrastructure of 

A549 cells, Rom J Morphol Embryo, 2010; 51:  

663-667. 

14. Ichıhara H., Komızu Y., Ueoka R., Matsumoto Y., 

Inhibitory effects of hybrid liposomes on the growth 

of non-small cell lung carcinoma cells and 

antiinvasive activity by ceramide generation without 

any drugs, Journal of Carcinogenesis and 

Mutagenesis, 2015; 6(230): 2. 

15. Çalık A., Türkiyenin bor madenleri ve özellikleri,  

Mühendis ve Makine Dergisi, 2002; 43(508): 36-41. 

16. Türkez H., Geyikoğlu F., Tatar A., Keleş S., Ozkan 

A., Effects of some boron compounds on peripheral 

human blood, Z Naturforsch C, 2007; 62(11-12): 

889-896. 

17. Chapın R. E., Ku W. W., Kenney M. A., Mccoy H., 

Gladen B., Wıne R. N., Wılson R., Elwell M. R., 

The effects of dietary boron on bone strength in rats, 

Fundam. Appl. Toxicol., 1997; 35: 205-215. 

18. Nıelsen F. H., Boron in human and animal nutrition, 

Plant Soil, 1997; 193: 199– 208. 

19. Samman S., Naghıı M. R., Lyons Wall P. M., Verus, 

A. P., The nutritional and metabolic effects of boron 

in humans and animals, Biol. Trace Elem. Res., 

1998; 66(1-3): 227–235. 

20. Bronner F., Principles of Bone Biology, 2008; 25(3): 

Academic Press, ABD. 



11 Hande et al.                                                                       International Journal of Modern Pharmaceutical Research 

 

 

11 

21. Hakkı S. S., Bozkurt B. S., Hakkı E. E., Boron 

regulates mineralized tissueassociated proteins in 

osteoblasts (MC3T3-E1), J. Trace Elem. Med. Biol., 

2010; 24: 243-250. 

22. Ince S., Kucukkurt I., Cıgercı I. H., Fıdan A. F., 

Eryavuz A., The effects of dietary boric acid and 

borax supplementation on lipid peroxidation, 

antioxidant activity, and DNA damage in rats,  J 

Trace Elem Med Bıo, 2010; 24: 161-164. 

23. Ince S., Keles H., Erdogan M., Hazman O., 

Kucukkurt I., Protective effect of boric acid against 

carbon tetrachloride-induced hepatotoxicity in mice, 

Drug Chem. Toxicol., 2012; 35(3): 285-292. 

24. Barranco W. T., Eckhert C. D., Boric Acid Inhibits 

Human Prostate Cancer Cell Proliferation, Cancer 

Lett, 2004; 216(1): 21–29. 

25. Meacham L. S. et al, Boric Acid Inhibits Cell 

Growth ie Breast and Prostate Cancer Cell Lines, 

Advances in Plant and Animal Boron Nutrition, 

Springer Science & Business Media, 2007. 

26. Kim D. H., Marbois B. N., Faull K. F., and Eckhert 

C. D., Esterification of borate with NADC and 

NADH as studied by electrospray ionization mass 

spectrometry and 11B NMR spectroscopy, J. Mass 

Spectrom, 2003; 38: 632-640. 

27. Ralston N. V. C., Hunt C. D., Diadenosine 

phosphates and S-adenosylmethione: novel boron 

binding biomolecules detected by capillary 

electrophoresis, Biochim. Biophys. Acta, 2001; 

1527: 20-30. 

28. Scorei R., Ciubar R., Ciofrangeanu C. M., Mitran 

V., Cimpean A., Iordachescu D., Comparative 

effects of boric acid and calcium fructoborate on 

breast cancer cells”, Biol. Trace Elem. Res., 2008; 

122(3): 197-205. 

29. Hacioglu C., Kar F., Kacar S., Sahinturk V., Kanbak 

G., High Concentrations of Boric Acid Trigger 

Concentration-Dependent Oxidative Stress, 

Apoptotic Pathways and Morphological Alterations 

in DU-145 Human Prostate Cancer Cell Line, Biol. 

Trace Elem. Res., 2019; 1-10. 

30. Elisa Cleaved PARP Kit, Katalog No: KHO0741, 

Invitrogen Corporation, Kalifornia, A.B.D. 

(www.invitrogen.com), 2011. 

31. Chiarugi A., Moskowitz M. A., PARP-1-a 

perpetrator of apoptotic cell death?, Science, 2002; 

297(5579): 200-201. 

32. Boulares A. H., Yakovlev A. G., Ivanova V., Stoica 

B. A., Wang G., Iyer S., Smulson M., Role of 

Poly(ADP-ribose) Polymerase (PARP) Cleavage in 

Apoptosis J. Biol. Chem., 1999; 274(33):           

22932–22940. 

33. Folkman J., Angiogenesis, Annu. Rev. Med., 2006; 

57: 1-18. 

34. Liu Y., Deisseroth A., Tumor vascular targeting 

therapy with viral vectors, Blood, 2006; 107(8): 

3027-33. 

35. Hosmane N.S., Maguire J.A., Zhu Y., Takagaki M., 

Boron and gadolinium neutron capture therapy for 

cancer treatment, World Scientific Publishing Co. 

Ltd., Singapore, 2012. 

36. Sengul, M., “İnsan Testiküler Germ Hücre 

Tümörlerinde Uygulanan Klasik Bep Tedavisinde 

Bor’un Tedaviyi Arttırıcı Etkiliğinin Araştırılması: 

İn Vitro Çalışma.”, Yüksek Lisans Tezi, 

Afyonkarahisar Sağlık Bilimleri Üniversitesi 

Lisansüstü Eğitim Enstitüsü, Afyon, 2018; 55. 

http://www.invitrogen.com/

