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Abstract. Fluoride has toxic potential particularly for 
teeth, bones, and kidney. This study was aimed to in-
vestigate the NaF exposure effects on the growth of 
ameloblasts and kidney proximal tubular cells. Adult 
male healthy rats were used as experiment models, 
divided into control and NaF-induced groups. The 
expression of amelogenin, Bcl-2, and caspase-3 were 
significantly different in the control and NaF-induced 
group (P < 0.05). There was no correlation among 
these proteins in the control group but significant 
correlation in the NaF-induced group (r = 0.694). 
There was a significant correlation in proximal tubu-
lar cells, as seen from the increase of caspase-3 in the 
NaF-induced group (r = 0.715). 

Introduction
Fluoride is a trace element which is widely found in 

nature and commonly consumed by the community in 
the form of fluoride salt such as natrium fluoride (NaF). 
The most common impact of fluoride consumption is 
damage and death of ameloblast cells as the main ele-
ment of tooth enamel. An excessive exposure to fluoride 
during the development of tooth enamel will have the 
potential to damage the tooth enamel (McDonald et al., 
2005). Previous studies have found that excessive ab-
sorption of fluoride during the dentition would result in 
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retention and declines of protein release and mineral 
contents in the tooth enamel. It is stated that fluoride ion 
has a potential of damaging the process of hydroxyapa-
tite deposition that in the course of mineralization forms 
the tooth enamel (Agalakova and Gusev, 2012).

The ameloblast cell damage and death affecting for-
mation of the tooth enamel is known as enamel hypo-
plasia or dental fluorosis. The prevalence of dental fluo-
rosis resulting from excessive fluoride exposure from 
drinking water consumption in Indonesia is relatively 
high. Two studies conducted in 2011 in two villages in 
Asembagus District, Situbondo Regency found that the 
prevalence of dental fluorosis in these two villages was 
98.33 % and 78.75 %, with Community Fluorosis Index 
(CFI) average of 1.60 and 0.80, respectively (Wahluyo, 
2012). 

Many latest research findings suggest that excessive 
exposure to fluoride damages not only tooth enamel, but 
also other organs such as bones, kidney, liver, and brain 
(Xiong et al., 2007). Rather than exploring the influence 
of fluoride exposure on the existence of kidney tissue, 
some studies focus merely on the influence of fluoride 
on the function of the kidney. As an element with high 
electronegativity, fluoride is supposed to be able to stim-
ulate production of superoxide radical in cells. The fluo-
ride exposure results not only in fluorosis in teeth and 
bones, but also in apoptosis that may damage the kidney 
(Song et al., 2013). 

Kidney is a vital organ for decreasing the influence of 
fluoride on the human body. It has been found that 50–
60 % of fluoride intake by a healthy individual will be 
excreted by the kidney. The proximal tubule of the kid-
ney is one of the important organs since its function is to 
absorb substances that later will be actively transported 
from tubular cells to the proximal tubule. From here, the 
substances will move to the intercellular space and the 
basal channel that cause the increase of osmotic pres-
sure of peritubular capillaries to become hyperosmotic. 
If minerals are excessively absorbed, the physiological 
functions of the kidney change. Therefore, an individual 
with kidney disease will be vulnerable to the toxicity 
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effects of the fluoride such as renal osteodisthrophy 
(DenBesten et al., 2002). 

Some histological changes also occur in experimental 
animals exposed to fluoride such as incidence of inter-
stitial nephritis, which will usually deteriorate with the 
increase of fluoride content. In this case, there will be 
changes in the proximal tubule resulting in either hyper-
trophy or hyperplasia (Xu, 2006). These disorders may 
occur due to molecular changes caused by the cytotoxic-
ity of the fluoride in the kidney. In this stage, the fluoride 
in the kidney will induce specific proteins that stimulate 
cell death in the kidney and affect the structure of DNA 
(Song et al., 2014).

Considering the fact that exposure to fluoride brings 
impacts to vital organs, we performed a study of the in-
fluence of fluoride exposure on ameloblast cells and kid-
ney cells of Wistar rats.

Material and Methods
This study was an experimental one using the rand-

omized post-test only control group design. In this study, 
we used 40 male rats (Rattus Norvegicus) from the 
Department of Medical Biochemistry, Faculty of Me di-
cine, Airlangga University-Indonesia, aged 10–11 weeks 
and weighing 150–170 g, as a model (Isroi, 2010). These 
rats were then randomly divided into two groups, 20 rats 
in each group. The first group, as the control group, was 
exposed to 2 ml of sterile distilled water, and the second 
group was exposed to NaF (MERCK, Kenilworth, NJ, 
product reg. number 1.06449.0250), 6.75 mg in 2 ml of 
sterile distilled water (Mathieu and Pelletier, 2010; Ca-
tani et al., 2010). The dose of fluoride to which these 
animals were exposed conformed to the National Re-
search Council of the United States (2005). After 28 days 
of induction, the analysis was conducted by monitoring 
the expression of caspase-3 and B-cell lymphoma-2 
(Bcl-2) protein using anti-caspase-3 and anti Bcl-2 
monoclonal antibodies (Bioworld Technology Inc., St. 
Louis Park, MN, catalogue number: BS-1518; Rat/FITC 
product by Bioscience, San Diego, CA, catalogue num-
ber: 11-6992-41) measured by calculating the number of 
ameloblast cells and proximal tubular epithelial cells of 
the rat kidneys that positively reacted to the induction. 

The influence of fluoride particularly on the ameloblast 
cells was investigated by analysing the expression of ame-
logenin proteins (Primer antibody from Santa Cruz Bio-
technology, Dallas, TX, catalogue number: SC-32892). 
The expression of these three proteins was determined 
by the immunohistochemistry (IHC) colouring tech-
nique, which was then calculated per 10 High Power 
Fields (HPF) and observed through an optical micro-
scope with 400× magnification (Taylor et al., 2010). All 
procedures were approved by the research ethic board 
(Animal Care and Use Committee/ACUC) at the Faculty 
of Veterinary Medicine, Airlangga University, based on 
the Ethical Clearance No. 191-KE. 

Results and Discussion
The fluoride exposure causes reduction of amelo-

genin proteins, so that there is a delay in the mineraliza-
tion phase of the tooth enamel. This affects the quality 
of the tooth, as there are a number of these proteins in 
the enamel structures. The proximal tubular epithelial 
cells are also affected due to some physiological changes 
of the kidney function. Fluoride also causes damage and 
death of ameloblast cells and proximal tubular epithelial 
cells, inducing the process of apoptosis. Forma tion of 
apoptosis-induced mitochondrial channel is regulated 
by Bcl-2 and caspase-3. Our study shows that there are 
differences in the expression of amelogenin protein and 
Bcl-2 and caspase-3 proteins in both groups, as seen in 
Tables 1 and 2.

Based on the results of the data normality test, the 
data in this study show a normal distribution (P > 0.05). 
The results of the performed statistical tests between the 
control and experimental groups in particular show that 
the expressions of amelogenin, Bcl-2, and caspase-3 
proteins are significantly different (P < 0.05). The cor-
relational test indicates that, on the one hand, there is no 
correlation among amelogenin, Bcl-2, and caspase-3 in 
ameloblast cells of the control group. On the other hand, 
there is a significant correlation among these proteins in 
ameloblast cells in the experimental group with NaF in-
duction (R = 0.694). The correlational test in proximal 
tubular epithelial cells of the rat kidneys with NaF expo-
sure indicates that there is a significant correlation (r = 
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Table 1. Expression of amelogenin, Bcl-2 and caspase-3 protein in ameloblast cells

N
Amelogenin Bcl-2 Caspase-3

Mean ± SD t-test (P) Mean ± SD t-test (P) Mean ± SD t-test (P)
Normal 15 6.01 ± 2.07 0.027 12.07 ± 1.99 0.017 3.85 ± 1.03 0.014 
Treated 15 14.87 ± 2.48 3.49 ± 1.07 11.97 ± 2.68

Table 2. Expression of Bcl-2 and caspase-3 proteins in proximal tubule epithelial cells

N
Bcl-2 Caspase-3

Mean ± SD t-test (P) Mean ± SD t-test (P)
Normal 15 7.29 ± 2.09 0.029 4.07 ± 1.19 0.021
Treated 15 2.21 ± 0.17 17.02 ± 3.08
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0.715), as seen from the increase of the expression of 
caspase-3 protein.

The IHC analysis of the expression of amelogenin 
proteins in ameloblast cells in rat teeth is shown in Fig 
1A and Fig 1B.

Fig. 1A, B depicts groups with a number of cells ex-
pressing the amelogenin protein. The comparison of the 
number of cells expressing amelogenin between the 
control group and the NaF-induced group can be seen in 
Table 1. 

Fig. 1A shows that the expression of amelogenin in 
the control group was lower than that in the experimen-
tal group exposed to NaF. The expression of Bcl-2 pro-
tein in the experimental group was lower than that in the 
control group. In contrast, the expression of caspase-3 in 
the NaF-induced group was higher than that in the con-
trol group. Similar findings are shown by the expression 
of caspase-3 protein in the proximal tubules of the kid-
ney, which was lower in the control group than that in 
the experimental group with NaF exposure. 

The results of this study revealed that the expression 
of amelogenin in the control group was lower than that 
in the NaF-induced experimental group. This can be ex-
plained by the fact that during the normal phase of ame-
logenesis without any influence from external factors, 
amelogenin is degraded into smaller fragments through 
the hydrolytic process by matrix metalloproteinase 20 
(MMP-20) activity occurring at the C-terminus of the 
amelogenin protein. The amelogenin hydrolysis occurs 
when pH in the environment of enamel matrix ranges 
between 7.2–7.3 (DenBesten et al., 2002; Uskokovic et 
al., 2008).

Previous research indicated that excessive absorption 
of fluoride during dentition would cause retention and 
reduction of protein release as well as decline of the 
mineral content of enamel (Aoba and Fejerskov, 2002). 
Fluoride ion has been proved to display destructive ef-
fects on hydroxyapatite deposition during the minerali-
zation process to form enamel. The main characteristics 
of fluoridated enamel are accumulation of the protein 
content and slow release of certain proteins. These find-
ings support the results showing that fluoride induction 
reduces MMP-20 activity, which is the mediator of 
enamel matrix remodelling. This inactivation is caused 
by rapid binding of the electronegative ion F- with three 
amino acid components in the amelogenin protein 

through ionic hydrogen bonds. The fluoride element has 
a highly electronegative nature, and as it binds to hista-
mine and histidine, the alkaline properties of glutamine 
will change the alkaline properties of the amino acid 
residues. 

The reduction of MMP-20 activity occurs when pH 
ranges between 5.5–5.6, while the optimum required pH 
for MMP-20 activity ranges between 7.2–7.3. The for-
mer condition would hinder MMP-20 to degrade amelo-
genin, and therefore delay the reduction of amelogenin 
in the enamel matrix. This delay affects the structures 
and composition of the enamel matrix, which are do-
minated by the amelogenin protein, and therefore the 
enamel matrix structure is not optimal at the time of 
maturation and frequent enamel porosity is found. 

Bcl-2 proteins are essential in mitochondrial regula-
tion of cell death. Stimuli from fluoride mediate a pro-
apoptotic signal by Bax, Bak, and Bid proteins. Fluoride 
induction would give pressure to mitochondria that 
leads to damage and death of ameloblast cells through 
the process of apoptosis, and in turn, influence forma-
tion and growth of the tooth enamel (Kubota et al., 
2005). These events can further be explained through 
two processes: (a) NaF induction released cytochrome-c 
from mitochondria, and this was followed by the in-
crease of cytochrome-c in the cytosol that activated cas-
pase-3 as executor of the apoptosis process; (b) NaF 
induction increased expression of the voltage-dependent 
anion channel (VDAC) as the main component of mito-
chondrial permeability transition pores (MPTP), and 
this increased the cytochrome-c content in the cytosol 
that activated caspase-3. These findings are in line with 
those by Agalakova and Gusev (2012). 

The process of apoptosis can either be intrinsic or mi-
tochondrial. Mitochondria play a crucial role in intrinsic 
apoptosis. The external induction will lead to changes of 
permeability of the mitochondrial membranes. Several 
mitochondrial proteins can activate the apoptotic pro-
gramme, and these proteins are normally located in the 
mitochondrial membrane. Apoptotic stimuli will lead to 
the release of proteins into the cytoplasm or nucleus 
(Wang, 2001).

The kidney proximal tubule is one of the vital organs 
to absorb substances, and later these substances are ac-
tively transported from the tubular cells to the proximal 
tubule. From here, they move to the intercellular space 
and the basal channel, resulting in the increase of os-
motic pressure of peritubular capillaries to become hy-
perosmotic. Excessive absorption of certain minerals 
will certainly change the physiological functions of the 
kidney. Kidney is also a vital organ to suppress the im-
pact of fluoride on the human body, as 50–60 % of fluo-
ride intake by a healthy individual will be excreted by 
the kidney (Kiyatno, 2009).

In proximal tubular epithelial cells of a rat kidney, the 
process of cell death or apoptosis due to fluoride expo-
sure requires pro-apoptotic and anti-apoptotic proteins. 
It is theoretically argued that the fluoride exposure will 
lead to hydropic degeneration of epithelial cells and 

Fig. 1. IHC colouring technique with 400× magnification. 
Positive expression of amelogenin is shown by the arrows; 
brownish colour on the cytoplasm. A – control group, B – 
NaF-induced group.

a b
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cause moderate dilatation of tubules that can also be ob-
served in the kidney proximal tubule. Mononuclear cell 
infiltration is also observed in several tubular and peri-
vascular regions accompanied with the narrowed Bow-
man’s capsule. These lead to severe degenerative glo-
merular changes that cause deterioration of the kidney 
and vascular congestion (Karaoz et al., 2004).

The proximal tubule of the kidney helps reabsorb 
substances needed after glomerular filtration. The tubule 
has low columnar epithelium, with a luminal surface 
covered with a brush border and a basolateral surface. 
The functions of proximal tubular epithelial cells are 
mainly absorption and distribution. The existence of a 
chronic lesion will impair the function of the epitheli-
um. The damaged epithelium will fill the lumen kidney 
tubule that influences transportation. The chronic glo-
merular pressure will cause necrosis and apoptosis exe-
cuted by the caspase-3 protein (Wang and Niu, 2015).

As a result of fluoride exposure in general, 21–24 % 
of proximal tubular epithelial cell damage of the rat kid-
ney occurs depending on the dose, concentration and 
length of the exposure (Xu, 2006).

Conclusion
Fluoride exposure causes cell damage and cell death, 

and thereby affects the growth of ameloblast cells in the 
rat teeth and the existence of proximal tubular epithelial 
cells in the rat kidneys. 
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