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Abstract: It is known that the high electronegativity of fluorine affects various soft tissues, especially the bone structure in
organisms. Of these tissues are the kidneys, which play an important role in the excretion of fluoride from the body.
Fluoride affects many cellular mechanisms. One of these effects is DNA damage. Our study aimed to investigate the
likely protective effect of cholecalciferol (vitamin D3) on genomic DNA damage-induced NaF depending on
concentration and time. The IC25 and IC50 values of NaF for 3, 12 and 24 h and optimum dose of increase in
proliferation to vitamin D; through MTT assay in NRK-52E kidney cells were determined. DNA damage was
significantly increased (p < 0.05) compared to the control group in all groups except for vitamin D; It was
determined that treatment with NaF together with vitamin D3 decreased the DNA damage compared to NaF treated
groups for 3 and 12 h. NaF combined with vitamin D3 was determined statistically to decrease (p < 0.05) DNA
damage compared to NaF treated groups for 24 h. As a result, it was determined that the treatment with cytotoxic
concentration NaF depending on the time significantly increased (p < 0.05) the genomic DNA damage, but NaF
treatment together with vitamin D; decreased the DNA damage in renal cells depending on the time. It was

concluded that vitamin D; may be useful in preventing DNA damage caused by NaF.

Introduction

Living organisms are exposed to fluoride from many
environmental sources, namely fluoride compounds
composed of various sources such as water and soil,
industrial zones producing fluoride waste (Kanduti et al,
2016) and fluoride-containing pesticides (Li et al, 2015).
While 50-60% of the daily fluoride intake is excreted by the
kidneys, the remainder accumulates largely in the calcified
tissues of the bones and pineal gland. There are extensive
studies reporting that fluorine can affect different biological
activities (Dec et al., 2017). Long-time exposure to fluoride
compounds causes fluorosis, which is characterized by
structural disorders of the teeth and the skeleton
(Krishnamachari, 1986; Yur et al, 2013; Aydin et al., 2014).
The genotoxic effect of fluoride has been demonstrated in
some studies (Zhang et al, 2008; Song et al., 2015). Fluoride
is known to cause damage to cell structures in various tissues
(Agalakova and Gusev, 2012) and oxidative DNA damage
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(Guney et al, 2007; Yiksek et al, 2017b) with apoptosis
(Song et al., 2015; Yiiksek et al., 2017b) in healthy cells.

Vitamins (such as A, C, D, E) can help protect the
organism from free radical oxidation in amelioration of
fluoride-induced toxicity (Chlubek, 2003; Chaiprasongsuk et
al., 2019; Wimalawansa, 2019). In cell and animal studies,
the protective effects of vitamin D against oxidative stress or
oxidative damage were reported by a multitude of research
groups (Chaverri et al, 2016). The role of vitamin D in
fluorosis has been known for many years. Calcium intake
and the vitamin D status may modify the fluorine
absorption. The relatively adequate calcium intake and 25
dihydroxy vitamin D [25(OH),D] may have prevented
severe skeletal fluorosis (Lidemann, 1965).

It is known that the mean serum 25- OHD3 (25 Hydroxy
Vitamin D) levels were significantly lower in the fluorosis
condition (Khandare ef al, 2005). There are some studies
about the use of vitamin D in an attempt to inhibit or
reverse the adverse effects of fluorosis. Vitamin D3 has been
proven to be effective when in combination in reversal of
dental fluorosis (Gupta et al., 1994).

There are only a few studies available regarding the
prevention or reducing DNA damage due to fluoride
exposure. Our previous study demonstrated that the levels
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of 8-OHdG, which is an oxidative DNA damage marker, were
significantly decreased in NaF + vitamin D-administered
groups compared to the control and NaF-administered
groups in NRK-52E cells (Yiiksek et al., 2017b). There have
been no studies demonstrating the importance of vitamin
D; in prevention of genomic DNA damage caused by
fluoride in the literature.

For this purpose, DNA damage was induced by
administering IC,5 and ICs, concentrations of NaF to NRK-
52E kidney cells for 3, 12 and 24 h. This study was planned
to reveal the protective effect of vitamin D; on prevention
of DNA damage caused by NaF depending on time and
concentration.

Materials and Methods

Cell culture

The study material comprised rat renal epithelial NRK-52E
(ATCC CRL-1571™) cells. NRK-52E cells were cultured in
vitro with cultured in a medium containing, 10% fetal bovin
serum(FBS), 1% penicillin/streptomycin, 1% L-glutamine
and RPMI 1640 at 37°C, 95% humidity, 5% CO,.

Preparation of solutions

Stock solutions of NaF and vitamin D3 used in the study were
prepared by referring to the concentrations in our previous
study (Yiiksek et al, 2017b). NaF was dissolved in the
medium. Vitamin D in DMSO was kept at the non-toxic
(<0.05%) level. Cell viability was measured by MMT assay
to measure the cytotoxic effect of NaF at different times and
concentrations. NRK-52E cells were treated with various
concentrations of NaF (Fig. 2) for 3, 12 and 24 h.

MTT assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-zolium
bromide) cell viability tests were performed and proliferative
doses of vitamin Ds, and IC,5 and ICs, concentrations of
NaF (Tab. 1) for 3, 12 and 24 h were determined that
according to the control group. The cells were cultured in
96-well plates at 7 x 10° cells/well density in 100 ul medium
and incubated overnight for attachment to the surface of the
plate. The control and the study groups and the cross study
groups were designed

Comet assay

The cells were cultured in 25 cm? flasks at 2 x 10° cells density
in medium, and incubated overnight for attachment to the
surface of the flask. The cells were treated only with IC,;
and ICs, concentrations of NaF and in combination with
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vitamin Djs for 3, 12 and 24 h. Cells, the incubation times of
which had expired, were collected by the trypsinization-
EDTA method. The single cell neutral comet assay phase
was passed. The level of DNA damage was determined by
calculating the genetic damage index (GDI). GDI, Arbitrary
Units (AU) = (0 x Ng+ 1 X N; + 2 x N, + 3 x N3 + 4 X
N4/Np + N; + N, + N3 + Ny) x 100. ‘N’ shows the number
of cells according to the degree of damage (Garcia et al,
2011; Taspinar et al., 2013).

Statistical analysis

The p values of the study groups were determined according
to the Z-ratio test comparison (Minitab Statistical Software,
18 version).

Results

As a result of the MTT test, different NaF IC,5 and ICs,
concentrations at different times were obtained, which have
been presented in Tab. 1, and it was determined that the
best concentration of vitamin Dj; in Fig. 1 that improved
cellular proliferation was 10 uM.

Cellular proliferation increased at concentrations up to
250 pM in the planned three test durations when compared
to the control group. During all the incubation periods, it
was observed that NaF cytotoxicity began after 500 puM.
After 500 pM, it was found that cell viability decreased
based on time and concentration in Fig. 2.

Genomic DNA damage has been presented in Tab. 2 and
the statistical results associated with the data presented in Tab. 3.

It was determined that DNA damage was significantly
higher (p < 0.05) in all groups except for the vitamin D3 group
when compared to the control group. A separate analysis of
the incubation periods demonstrated that at the 3 h, NaF (IC,s
and ICs) significantly increased (p < 0.05) the DNA damage
when compared to the control group. Concomitant
administration of vitamin D; with the above mentioned
concentrations did not reduce the damage (p > 0.05).

At the 12 h, it was determined that the NaF IC,s
concentration significantly increased the DNA damage
compared to control group (p < 0.05). At this concentration,
it was demonstrated that vitamin D; treatment decreased
the damage by 20% (p > 0.05). During the same incubation
period, NaF ICs, administration increased the DNA damage
(p < 0.05); however, vitamin D; administration decreased
the damage by 15% (p > 0.05).

At the 24 h, NaF IC,s concentration significantly
increased the DNA damage when compared to the control
group (p < 0.05). In this concentration, concomitant vitamin

TABLE 1

Time dependent cytotoxic NaF concentrations as determined in the MTT assay

Incubation times

NaF IC25 (}IM)

NaF IC50 (pM)

3h 7750
12h 2750
24 h 1600

9600
5500
3200
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FIGURE 4. (A) Assessed by DNA damage using the comet assay. The cells were evaluated image and received class 0 (undamaged) to 4
(maximally damaged), according to the size and shape of the tail. (B) Showed the representative images of comet assay to NRK-52 cells in
control (GO0), vitamin D3 (G1), NaF IC,5 (G10), NaF IC,5 + vitD; (G11), NaF ICsy (G12) and NaF ICs, + vitD; (G13) groups for 24 h.
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TABLE 2
Genetic Damage Index (GDI) obtained from different levels of NaF and vitamin D; treated groups
Groups Group no. GDI x 100 (AU)
Control GO 16
Vitamin Dj Gl 29
3h NaF IC,s G2 246
NaF IC,s + vitD; G3 250
NaF ICs G4 254
NaF ICs, + vitD, G5 254
12h NaF ICys G6 101
NaF IC,s + vitD; G7 80
NaF ICso G8 196
NaF ICs, + vitD; G9 165
24 h NaF ICys G10 194
NaF IC,s + vitDs Gl1 161
NaF ICso G12 234
NaF ICs, + vitD, Gl13 160
TABLE 3
p values for group DNA damage rates based on Minitab Statistical Software and Z-ratio comparison
GO Gl G2 G3 G4 G5 G6 G7 G8 G9 Gl10 Gl11 G12 G13
GO 0 0,045 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001
Gl 0,050 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001
G2 0,836 0,680 0,680 0,001 0,001 0,001 0,007 0,005 0,001 0,530 0,001
G3 0,837 0,837 0,001 0,001 0,001 0,004 0,003 0,001 0,403 0,001
G4 1,00 0,001 0,001 0,001 0,002 0,001 0,001 0,298 0,001
G5 0,001 0,001 0,001 0,002 0,001 0,001 0,298 0,001
G6 0,101 0,001 0,001 0,001 0,001 0,001 0,001
G7 0,001 0,001 0,001 0,001 0,001 0,001
G8 0,071 0,091 0,809 0,001 0,762
G9 0,910 0,041 0,038 0,035
Gl10 0,053 0,029 0,046
Gl1 0,001 0,951
GI12 0,001
G13

D; and NaF administration reduced the damage by about
15%; however, the decrease was not statistically significant
(p > 0.05). It was determined that treatment with ICs
concentration in the same period significantly increased the
DNA damage (p < 0.05) and vitamin D; treatment
decreased (p < 0.05) DNA damage by 35%.

Discussion

The fluoride molecule exists in nature and in several vital
resources. Fluoride accumulates in several living organism
tissues that have been exposed to fluoride for extended

periods of time. Accumulated fluoride molecules lead to
structural damages in organisms. In humans, the kidney is
the tissue where these damages are observed most. The
underlying reasons for fluoride-induced tissue damage
include oxidative stress and toxicity pathways.

The correlation between fluoride-induced oxidative
stress and fluoride toxicity has been demonstrated in in vivo
(Yuksek et al., 2017a; Lu et al.,, 2017) and in vitro (He and
Chen, 2006) studies. In studies performed with in vitro
approaches, it was demonstrated that fluoride could lead to
dose-dependent genomic DNA damage (Zhang et al., 2008;
He and Chen, 2006), apoptosis (Yiksek et al, 2017b;
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Lu et al., 2017) and cell cycle variations (He and Chen, 2006;
Otsuki et al, 2005). The present study findings also
demonstrated that NaF could lead to dose-dependent
genomic DNA damage. Thus, the present study findings
were consistent with those reported in other studies.

In molecular studies investigating fluoride-induced
cellular damage and necrosis, NaF has been used as the
fluoride source similar to the present study. He et al. (2015)
reported that NaF inhibited cell proliferation after 320 pM
and led to increases in necrosis in human RPMI8226 cell
lines in a study where different concentrations of NaF were
administered for 48 h. In another study carried out on HL-
60 cells, it was reported that the cell count decreased rapidly
in the 2.5 mM NaF administered group, and only 11% of
the cells remained alive in the 7.5 mM administered group
(Otsuki et al., 2005). In anonther study performed on H9c2
cells, it was reported that a 16 mg/L (380 uM) concentration
of NaF increased the cellular proliferation in the first 24 h
and led to cytotoxicity after 48 h (Yan ef al, 2015). In two
previous studies, we reported that cellular proliferation
decreased after the 500 uM concentration in HfOB 1.19 and
NRK-52E cell lines when NaF was administered for 24 h
(Ytksek et al., 2017b; Cetin et al., 2019).

On the other hand, it was determined that NaF increased
the cellular proliferation at low concentrations (50, 100 and
250 uM) and similarly decreased at high concentrations
(500 uM and above) in the NRK-52E kidney cell line in the
present study. Furthermore, it was shown that 10000 pM
NaF administration reduced the cell viability to below 20%
when compared to the control. The present study findings
demonstrated that NaF exhibited cytotoxic effects and the
finding was consistent with other studies, which reported
that the cytotoxicity varied based on the cell type,
concentration and the administration period (Otsuki et al.,
2005; He et al., 2015; Yan et al., 2015; Yiiksek et al., 2017b;
Cetin et al., 2019).

Otsuki et al. (2005) reported that 5 mM and higher NaF
concentrations induced DNA fragmentation in HL-60 cells. It
was reported that NaF could induce oxidative stress and DNA
damage in the rat oral mucosal and hepatocyte cells and lead
to apoptosis and cell cycle variations (He and Chen, 2006). In
a study performed by Song et al. (2014), it was reported that
50, 100 and 200 mg/L NaF administration led to renal tissue
damages in rats and the damages increased with
administered NaF concentration. In the present study, it was
also determined that NaF led to DNA damage based on
concentration. Thus, the present study findings were
consistent with the studies in the literature.

Several studies have been performed on the use of
vitamins (Yiksek et al, 2017a), flavonoids (Pal and Sarkar,
2014) and natural molecules (Cetin ef al., 2017) in the
prevention of fluoride-induced tissue damage (Guney et al,
2007), organ damage, and DNA damage (Pal and Sarkar, 2014).

It was determined that apoptosis significantly decreased in
concomitant fluoride and vitamins E and C administered rats
with endometrial damage, and vitamin E and C combination
could prevent fluoride-induced apoptosis (Guney et al., 2007).
In a study performed by Pal and Sarkar (2014), it was
reported that resveratrol administration may be beneficial in
preventing fluoride-induced DNA damages. In a previous
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study (Yiksek et al, 2017b), it was demonstrated that
vitamin D; administration may be beneficial in preventing
NaF-induced oxidative DNA damage.

The molecular basis of fluoride intoxication is interesting
and highly investigated at recent years. There is a limited
number of studies in the literature regarding the molecular
approach of the protective role of vitamin Dj in prevention
of NaF-induced DNA damage, and the present study aimed
to clarify the protective role of vitamin D; in prevention of
NaF-induced DNA damage in vitro.

In the current study, the possible preventive effect of
vitamin Dj against time- and dose- dependent NaF-induced
DNA damage was investigated. It was determined that NaF
led to DNA damage after the 3 h and vitamin D3 was not
effective in preventing the damage. Vitamin Dj reduced the
NaF-induced DNA damage at the 12 and 24 h. The
reduction in DNA damage was statistically significant only
at the 24 h (p < 0.05). The present study findings were
consistent with previous study findings, which demonstrated
that vitamins and similar natural molecules could prevent
NaF-induced DNA  damage. Several intracellular
mechanisms could play a role in the protective effect of
vitamin D; against NaF toxicity. Vitamin D; can induce
cellular proliferation and increase viability against NaF.
Furthermore, by binding directly to NaF and/or through the
binding of metabolites formed in vitamin Dj;-mediated
metabolism with NaF, vitamin D; can lead to the binding of
NaF to the DNA and consequently prevent DNA damage.
Vitamin Dj is known to lead to several epigenetic changes
that affect the chromatin dynamics (Nurminen et al., 2019).
These epigenetic changes may affect the NaF metabolism
and reduce the impact of NaF on DNA damage. However,
in order to determine these effects, further detailed studies
on genetic and epigenetic factors are required.

In conclusion, it was demonstrated in the present study
that NaF administration increased genomic DNA damage in
renal cells at the 3, 12 and 24 h and it exhibited a genotoxic
effect, and vitamin D; administration prevented NaF-
mediated DNA damage based on time. Based on the
obtained results from this study, it was decided to carry out
new studies with different and detailed parameters related to
vitamin Dj; metabolism, showing the effect of protective
roles of vitamin D3 on fluoride induced DNA damage.

Funding Statement: The author received no specific funding
for this study.

Conflicts of Interest: The authors declare that they have no
conflicts of interest to report regarding the present study.

References

Agalakova NI, Gusev GP (2012). Molecular mechanisms of
cytotoxicity and apoptosis induced by inorganic fluoride.
ISRN Cell Biology 2012: 16. DOI 10.5402/2012/403835.

Aydin N, Dede S, Tanritanir P (2014). The distribution of minerale in
some tissues of sheep with fluorosis. Fluoride 47: 43-48.

Chaiprasongsuk A, Janjetovic Z, Kim TK, Jarrett SG, D’Orazio JA,
Holick MF, Tang EKY, Tuckey RC, Panich U, Li W,
Slominski AT (2019). Protective effects of novel derivatives
of vitamin D3 and lumisterol against UVB-induced damage


http://dx.doi.org/10.5402/2012/403835

268

in human keratinocytes involve activation of Nrf2 and p53
defense mechanisms. Redox Biology 24: 101206. DOI
10.1016/j.redox.2019.101206.

Chaverri JP, Sanchez-Lozada LG, Osorio-Alonso H, Tapia E, Scholze
A (2016). New pathogenic concepts and therapeutic
approaches to oxidative stress in chronic kidney disease.
Oxidative Medicine and Cellular Longevity. DOI 10.1155/
2016/6043601.

Chlubek D (2003). Fluoride and oxidative stress. Fluoride 36: 217-228.

Cetin S, Yur F, Taspmar M, Dede S, Yiiksek V (2017). The effects of
lycopene application on sodium fluoride (NaF) applied renal
cell line. International Journal of Secondary Metabolite 4: 508-511.

Cetin S, Yur F, Tagpinar M, Yiiksek V (2019). The effects of some
minerals on apoptosis and DNA damage in sodium
fluoride-administered renal and osteoblast cell lines.
Fluoride 52:362-378.

Dec K, Lukomska A, Maciejewska D, Jakubczyk K, Baranowska-
Bosiacka I, Chlubek D, Wasik A, Gutowska I (2017). The
influence of fluorine on the disturbances of homeostasis in
the central nervous system. Biological Trace Element
Research 177: 224-234. DOI 10.1007/s12011-016-0871-4.

Garcia O, Romero I, Gonzélez JE, Moreno DL, Cuétara E, Rivero Y,
Gutiérrez A, Pérez CL, Alvarez A, Carnesolta D, Guevara I
(2011). Visual estimation of the percentage of DNA in the
tail in the comet assay: evaluation of different approaches
in an intercomparison exercise. Mutation Research 720: 14—
21. DOI 10.1016/j.mrgentox.2010.11.011.

Guney M, Oral B, Demirin H, Karahan N, Mungan T, Delibas N (2007).
Protective effects of vitamins C and E against endometrial
damage and oxidative stress in fluoride intoxication. Clinical
and Experimental Pharmacology and Physiology 34: 467-474.
DOI 10.1111/§.1440-1681.2007.04596 x.

Gupta SK, Gupta RC, Seth AK (1994). Reversal of clinical and dental
fluorosis. Indian Pediatrics 31: 439-443.

He H, Wang H, Jiao Y, Ma C, Zhang H, Zhou Z (2015). Effect of sodium
fluoride on the proliferation and gene differential expression in
human RPMI8226 cells. Biological Trace Element Research 167:
11-17. DOI 10.1007/s12011-015-0271-1.

He LF, Chen JG (2006). DNA damage, apoptosis and cell cycle
changes induced by fluoride in rat oral mucosal cells and
hepatocytes. World Journal of Gastroenterology 12: 1144-
1148. DOI 10.3748/wjg.v12.i7.1144.

Kanduti D, Sterbenk P, Artnik B (2016). Fluoride: a review of use and
effects on health. Materia Socio Medica 28: 133-137. DOI
10.5455/msm.2016.28.133-137.

Khandare AL, Harikumar R, Sivakumar B (2005). Severe bone
deformities in young children from vitamin D deficiency
and fluorosis in Bihar-India. Calcified Tissue International
76: 412-418. DOI 10.1007/s00223-005-0233-2.

Krishnamachari KA (1986). Skeletal fluorosis in humans: a review of
recent progress in the understanding of the disease. Progress
in Food and Nutrition Science 10: 279-314.

LiY, Zhang H, Zhang Z, Shao L, He P (2015). Treatment and resource
recovery from inorganic fluoride-containing waste produced
by the pesticide industry. Journal of Environmental Sciences
31: 21-29. DOI 10.1016/j.jes.2014.10.016.

Lidemann G (1965). Experimental chronic fluorosis in young rats
receiving supplementary doses of vitamin D. Acta

VEYSEL YUKSEK et al.

Odontologica Scandinavica 23: 575-592. DOI 10.3109/
00016356509041112.

LuY, Luo Q, Cui H, Deng H, Kuang P, Liu H, Fang ], Zuo Z, Deng ],
Li Y, Wang X, Zhao L (2017). Sodium fluoride causes
oxidative stress and apoptosis in the mouse liver. Aging 9:
1623-1639. DOI 10.18632/aging.101257.

Nurminen V, Seuter S, Carlberg C (2019). Primary vitamin D target
genes of human monocytes. Frontiers in Physiology 10: 194.
DOI 10.3389/fphys.2019.00194.

Otsuki S, Morshed SR, Chowdhury S (2005). Possible link between
glycolysis and apoptosis induced by sodium fluoride.
Journal of Dental Research 84: 919-923. DOI 10.1177/
154405910508401009.

Pal S, Sarkar C (2014). Protective effect of resveratrol on fluoride
induced alteration in protein and nucleic acid metabolism,
DNA damage and biogenic amines in rat brain.
Environmental Toxicology and Pharmacology 38: 684-699.
DOI 10.1016/j.etap.2014.07.009.

Song GH, Gao JP, Wang CF, Chen CY, Yan XY, Guo M, Wang Y,
Huang FB (2014). Sodium fluoride induces apoptosis in the
kidney of rats through caspase mediated pathways and
DNA damage. Journal of Physiology and Biochemistry 70:
857-868. DOI 10.1007/s13105-014-0354-z.

Song GH, Huang FB, Gao JP, Liu ML, Pang WB, Li WB, Yan XY,
Huo M]J, Yang X (2015). Effects of fluoride on DNA
damage and caspase-mediated apoptosis in the liver of rats.
Biological Trace Element Research 166: 173-182. DOI
10.1007/s12011-015-0265-z.

Taspinar M, Ilgaz S, Ozdemir M, Ozkan T, Oztuna D, Canpinar H,
Rey JA, Sunguroglu A, Castresana JS, Ugur HC (2013).
Effect of lomeguatrib-temozolomide
MGMT promoter methylation and expression in primary
glioblastoma tumor cells. Tumour Biology 34: 1935-1947.
DOI 10.1007/s13277-013-0738-7.

Wimalawansa SJ (2019). Vitamin D deficiency: effects on oxidative
stress, epigenetics, gene regulation, and aging. Biology 11: 8.
DOI 10.3390/biology8020030.

Yan X, Yang X, Hao X, Ren Q, Gao J, Wang Y, Chang N, Qiu Y, Song G
(2015). Sodium fluoride induces apoptosis in H9C2
cardiomyocytes by altering mitochondrial membrane potential
and intracellular ROS level. Biological Trace Element Research
166: 210-215. DOI 10.1007/s12011-015-0273-z.

Yur F, Mert N, Dede S, Deger Y, Ertekin A, Mert H, Yasar S, Dogan
I, Isik A (2013). Evaluation of serum lipoprotein and tissue
antioxidant levels in sheep with fluorosis. Fluoride 46: 90-96.

Yiiksek V, Cetin S, Usta A, Kémiiroglu AU, Dede S (2017a). Effect of
some vitamins on antioxidant/prooxidant parameters in
sodium fluoride (NaF)-treated cell line (hFOB 1.19).
Turkish Journal of Veterinary Research 1: 1-6.

Yiiksek V, Dede S, Tagpinar M, Cetin S (2017b). The effects of certain
vitamins on apoptosis and DNA damage in sodium fluoride
(NaF) administered renal and osteoblast cell lines. Fluoride
50: 300-313.

Zhang M, Wang A, Xia T, He P (2008). Effects of fluoride on DNA
damage, S-phase cell-cycle arrest and the expression of NF-
kappaB in primary cultured rat hippocampal neurons.
Toxicology Letters 179: 1-5.

combination on


http://dx.doi.org/10.1016/j.redox.2019.101206
http://dx.doi.org/10.1155/2016/6043601
http://dx.doi.org/10.1155/2016/6043601
http://dx.doi.org/10.1007/s12011-016-0871-4
http://dx.doi.org/10.1016/j.mrgentox.2010.11.011
http://dx.doi.org/10.1111/j.1440-1681.2007.04596.x
http://dx.doi.org/10.1007/s12011-015-0271-1
http://dx.doi.org/10.3748/wjg.v12.i7.1144
http://dx.doi.org/10.5455/msm.2016.28.133-137
http://dx.doi.org/10.1007/s00223-005-0233-2
http://dx.doi.org/10.1016/j.jes.2014.10.016
http://dx.doi.org/10.3109/00016356509041112
http://dx.doi.org/10.3109/00016356509041112
http://dx.doi.org/10.18632/aging.101257
http://dx.doi.org/10.3389/fphys.2019.00194
http://dx.doi.org/10.1177/154405910508401009
http://dx.doi.org/10.1177/154405910508401009
http://dx.doi.org/10.1016/j.etap.2014.07.009
http://dx.doi.org/10.1007/s13105-014-0354-z
http://dx.doi.org/10.1007/s12011-015-0265-z
http://dx.doi.org/10.1007/s13277-013-0738-7
http://dx.doi.org/10.3390/biology8020030
http://dx.doi.org/10.1007/s12011-015-0273-z

	DNA damage-induced by sodium flouride (NaF) and the effect of cholicalciferol
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


