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Abstract This study was conducted to further explore the
effect of selenium on fluoride-induced changes in the synaptic
plasticity in rat hippocampus. Animals were randomly divided
into control group, F group (sodium fluoride: 50 mg/L), three
Se groups (sodium selenite: 0.375, 0.75, and 1.5 mg/L), and
three F+Se groups (sodium fluoride: 50 mg/L; sodium sele-
nite: 0.375, 0.75, and 1.5 mg/L) and subjected to an exposure
time of 6 months. The changes in synaptic plasticity in rat
hippocampus were observed by electron microscopy. Com-
pared with the fluoride group, the length of the synaptic active
zone and the thickness of the postsynaptic density (PSD)
increased significantly, whereas the width of the synaptic cleft
decreased with high significance in the F+Se (0.75 mg/L)
group. Moreover, the nitric oxide synthase activity and the
nitric oxide content in the hippocampus decreased significant-
ly in the F+Se (0.75 and 1.5 mg/L) groups. Furthermore,
reverse transcriptase polymerase chain reaction and Western
blot analyses showed that postsynaptic density-93 (PSD-93)
expression in the hippocampus was increased significantly,
whereas postsynaptic density-95 (PSD-95) expression de-
creased significantly in the fluoride group compared with the
control group. The PSD-93 expression was inhibited in the
three F+Se groups, whereas the opposite result was observed
in PSD-95 expression. Based on the results, the optimal sele-
nium dosage range that can antagonize the neurotoxicity of
fluorosis is from 0.75 to 1.5 mg/L. The changes in PSD-93
expression may be the key factor to fluoride-induced central
nervous toxicity and the effect of selenium intervention.
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Introduction

Excessive fluoride ingestion over a prolonged period can have
toxic effects on human and animal health. In addition to the
well-known effects of fluorosis on the skeleton and teeth, the
neurotoxicity of fluoride has also been confirmed. Chronic
exposure to fluoride has been linked to learning disabilities
and memory deficits [1]. Furthermore, studies show that fluo-
ride has a specific effect on protein synthesis in the brain [2],
which causes a decrease in the number of synapses, as well as
significant changes in hippocampal morphology [3, 4].
Chronic exposure also alters the neurotransmitter and activi-
ties of some enzymes in the brain [5–7] and diminished the
general cognitive capacities [8]. The hippocampus is the key
region for learning and memory in the brain and the target
tissue of fluoride neurotoxicity [9].

The synaptic potentiation and transmission were known to
be dependent on nitric oxide (NO)-mediated signaling path-
ways [10]. NO contributes to many forms of learning-related
synaptic plasticity including long-term potentiation and long-
term depression in hippocampus [11]. NO is a catalyst syn-
thesized by nitric oxide synthase (NOS), thus, the changes in
NOS activity are related to the NO content. Postsynaptic
density-93 (PSD-93) and postsynaptic density-95 (PSD-95)
both are important representatives of the guanylate kinase
protein family in hippocampus. PSD-95 is a synaptic scaffold-
ing protein with multiple protein–protein interaction domains
that is enriched in the postsynaptic density [12]. And PSD-93
belongs to the PSD-95 family proteins which shares similar
domain structures in synapse [12].

In recent years, increased attention has been directed to-
wards the protective effect of selenium against diseases of the
nervous system. Selenium, a potent antioxidant, constitutes an
essential component of glutathione peroxidase (GSH-Px)
[13]. Selenium is both an essential and potentially toxic ele-
ment for animals and humans; the protective mechanism of
selenium might be related to its key roles in redox regulation
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and antioxidant functions [14]. Selenium in appropriate con-
centrations has been found to alleviate fluorosis, promote the
excretion of urinary fluoride, restrain lipid peroxidation, adjust
the disorder of free radicals, and elevate GSH-Px activity [15].

The present study further explores the effects of selenium on
fluoride-induced plasticity changes in the synapses in rat hi-
ppocampus based on our previous experiments, from which
we concluded that 1.5 mg/L was the optimum concentration
for selenium to antagonize chronic fluoride [15, 16]. The
results of this study provide a theoretical basis for the use of
selenium as an efficient, low-toxicity, anti-fluoride drug.

Materials and Methods

Experimental Animal Treatment

Eighty newlyweanedmale SpragueDawley rats weighing 70 to
90 g each were procured from the Experimental Animal Center
of Zhejiang Province in China. The rats were randomly divided
into eight groups with 20 animals per group. The first group
served as control and received tap water (fluoride concentration
<0.2 mg/L and selenium concentration <1 μg/L). The fluoride-
treated group was administered with aqueous sodium fluoride
(NaF, 50 mg/L). In the three selenium only groups, selenium
was used as sodium selenite with concentrations of 0.375, 0.75,
and 1.5 mg/L mixed in drinking water, respectively. The
remaining groups received NaF (50 mg/L)+Se (at concentra-
tions of 0.375, 0.75, and 1.5 mg/L, respectively). Table 1 sum-
marizes the experimental conditions. All the rats were fed with a
standard pellet diet (contains 0.2 mg/kg fluorine and 0.1 mg/kg
selenium) and given water ad libitum for 6 months.

Chemicals and Reagents

NaF solid, sodium selenite solid, NO and NOS kits (Jiancheng,
Naijing, China), rabbit polyclonal antibodies against PSD-93,
PSD-95, and β-actin (Santa Cruz, CA, USA), horseradish
peroxidase-conjugated goat anti-rabbit IgG (Boyun Biotech,

Shanghai, China), bicinchoninic acid (BCA) protein assay kit
(Beyotime, Haimen, China), total RNA isolation kit (SBS
Genetech, Beijing, China), reverse transcriptase polymerase
chain reaction (RT-PCR) PrimeScript II first-strand cDNA syn-
thesis kit, dNTP mixture and tag enzyme (TAKARA, Dalian,
China), and PSD-93, PSD-95, and β-actin primers were synthe-
sized at Sangon Biotech (Shanghai, China). All of the other
chemicals used in this experiment were obtained from local
commercial sources.

Observation of Hippocampal Synaptic Ultrastructure

Two ratswere randomly selected from each group, and the brains
were extracted after decapitation with the use of anesthesia. The
rat brains were initially fixed in 2.5 % glutaraldehyde solution
until they became slightly harder. The CA3 region in the rat
hippocampus was separated based on the brain stereotaxic coor-
dinates. An ultrathin section was prepared, and ten photos of
Gray I (excitation) synapses in the hippocampus CA3 region
were taken for each rat using a transmission electron microscopy
(JEOL JEM-2010). The number of synapses was calculated
using the image analysis software, Image-Pro Plus 5.1. The
width of the synaptic cleft, thickness of the postsynaptic density,
length of the synaptic active zone, and curvature of the synaptic
interface were measured using the double-blind method [17].

The synapse density (Nv) was quantitatively analyzed
using a tridimensional metrological method. A tissue in unit
area was chosen as the reference system. The following for-
mulas were used in the calculation [18]: Nv=8ENa/π

2 (where
Na is the number of synapses in the unit area, and E is the
average of the reciprocal of the postsynaptic density (PSD)
length) and Na=∑Nx/∑Ar (where Nx is the number of synap-
ses in each photo, and Ar is the area of each photo).

Determination of NO Content and NOS Activity

The rats were killed by decapitation with the use of anesthesia,
and their hippocampuses were rapidly removed and weighed. A
10 % tissue homogenate with saline was produced and centri-
fuged at 1,000 rpm for 5 min. The supernatant was used in
measuring the NO content in the hippocampus. The remaining
homogenate was centrifuged at 3,500 rpm for 10 min, and the
supernatant was used tomeasure the total NOS activity. The kits
and experimental methods used were obtained from the Naijing
Jiancheng Institute for Biomedical Research, China. The protein
concentration in the tissue homogenate was measured using a
BCA kit.

Detection of PSD-93 and PSD-95 Protein Levels
in Hippocampus by Western Blot Analysis

The hippocampus of the rat brain was dissected and stored at
−70 °C until use. The tissue for membrane fraction was thawed

Table 1 Experimental conditions for the different groups

Groups Treatments

Con Tap water (NaF<0.1 mg/L)

F 50 mg/L NaF

Se 0.375 (LSe) 0.375 mg/L Na2SeO3

Se 0.75 (MSe) 0.75 mg/L Na2SeO3

Se 1.5 (HSe) 1.5 mg/L Na2SeO3

F+low selenium (F+LSe) 50 mg/L NaF+0.375 mg/L Na2SeO3

F+moderate selenium(F+MSe) 50 mg/L NaF+0.75 mg/L Na2SeO3

F+high selenium (F+HSe) 50 mg/L NaF+1.5 mg/L Na2SeO3
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and homogenized in ice-cold 0.32 M sucrose containing the
protease inhibitor, phenylmethylsulfonyl fluoride (Beyotime,
China), and centrifuged at 800×g for 10 min at 4 °C. The
supernatant was collected in another centrifuge tube and then
centrifuged at 12,000×g for 30 min at 4 °C to allow the
sedimentation of crude membranes. The crude membrane
pellet was suspended in 50 mm Tris–HCl to form a sample
solution and then stored at −20 °C until processed for Western
blot analysis. The protein concentration for each sample was
estimated using a BCA protein assay kit. The protein sample
solution was mixed with the buffer for sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE)
and denatured by boiling at 95 °C for 5 min in Laemmli
sample buffer containing 5 % β-mercaptoethanol. Thirty mi-
crograms of protein was run on 7.5 % SDS-PAGE gels and
transferred to nitrocellulose membranes (Bio-Rad, Inc). After
washing with a blocking solution (Tris-buffered saline with
tween, TBST), the membranes were blocked for 2 h at room
temperature with block solution (5 % milk in TBST). Subse-
quently, the blot was incubated with primary antibody (1:1,000
dilution of protein and 1:700 dilution of β-actin) at 4 °C over-
night. The membranes were then washed and incubated with
horseradish peroxidase-conjugated anti-rabbit IgG (1:7,000 of
PSD-93 and 1:9,000 of β-actin, respectively) for 60 min. Final-
ly, the membranes were incubated in electrochemiluminescence
Plus reagent for 3 min. The signals were visualized by exposure
to x-ray films. The images were inverted, and the Western blot
intensity was determined using a computer image analysis
system (Quantity One, Bio-Rad Laboratories).

Determination of PSD-93 and PSD-95 mRNA Levels
by Reverse Transcriptase Polymerase Chain Reaction

.For RT-PCR, total RNA was isolated from the hippocampus
with Trizol according to the manufacturer's instructions. Total
RNA (50 μg) was subjected to reverse transcription using
Random 6 mers under the following conditions: incubation at
30 °C for 10 min, 42 °C for 45 min, 95 °C for 5 min, and
cooling on ice. Aliquots of cDNAwere then amplifiedwith each
primer set for the PSD-93 genes (forward, 5′-GAAGTTACA
CACGAAGAGGCTGT-3′; reverse, 5′-TCTCCACCCACAAT
GTTGAA-3′), PSD-95 (forward, 5′-CATCTCCTTCATCCTT
GCTG-3′; reverse, 5′-ATGTCATCGGTCTCACTGTC-3′), and
GAPDH (forward, 5′-ATGGGAAGCTGGTCATCAAC-3′; re-
verse, 5′-GGATGCAGGGATGATGTTCT-3′) in 20 μL of re-
action mixture containing 1 μL dNTP mix (2.5 mM), 0.25 μL
Taq DNA polymerase (5 U/μL), 2 μL 10×buffer, 1 μL MgCl2
(25 mM), and a concentration of the 5′- and 3′-specific
PCR primers. Reactions were performed for 35 cycles
in a thermal cycler using melting, annealing, and exten-
sion cycling conditions at 94 °C for 30 s, 54 °C for 45 s, and
72 °C for 60 s. Amplified DNA fragments were subjected to
electrophoresis on 1 % agarose gel and visualized by ethidium

bromide staining. The intensity of the bands was quantified
with a densitometer. The intensities in each band resulting
from PCR amplification were analyzed using image analysis
software (Bio-Rad) to calculate the relative amounts of PSD-
93 and PSD-95 vs. GAPDH cDNA.

Statistical Analysis

The data were represented as mean±standard error (M±SE).
Mean values were determined using the homogeneity of var-
iance test. If the variance passed the homogeneity test, the
comparison of means was conducted using one-way analysis
of variance, followed by the least significant difference post
hoc test to compare the means of the different groups. All
analyses were performed using SPSS 17.0 software.

Results

Measurements of Synaptic Density in Hippocampus

The synaptic density in the hippocampus was shown in Fig. 1,
and the results of the measurements are shown in Table 2.
Figure 1 showed the Gray I synapses in the control group
observed by using electron microscope (×15000). In Table 2,
the synaptic density decreased significantly (P<0.05) in the
fluoride group compared with the control group. No statisti-
cally significant differences were found among the synaptic
density of other groups (P>0.05).

Changes in the Synaptic Interface Submicrostructure
Parameters in the Hippocampus

Different changes in the synaptic submicrostructure parame-
ters were observed in each group. The photographs of the
Gray I synapse in the hippocampus CA3 region in each group
are shown in Fig. 2. Figure 2 panels a (control group) and c

Fig. 1 Synaptic structure under an electron microscope. a and b Gray I
synapses. An ultrathin section was prepared, and photos of Gray I
(excitation) synapses in the hippocampus CA3 region were taken using
a transmission electron microscopy (JEOL JEM-2010). The synapse
density was calculated using Image-Pro Plus 5.1
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(LSe group) shows the existence of round vesicles in the
presynaptic membrane of the rat hippocampus CA3 regions,

significant thickening of the PSD material in the postsynaptic
membrane, and a visible synaptic cleft. These characteristics
coincided with the structural features of Gray I synapses
(excitation synapses).

Figure 2b (fluoride group) shows the dispersed vesicles in
the presynaptic membrane of the hippocampus, the blurred
boundaries, shortened length of the synaptic active zone,
significant widening of the width of the synaptic cleft, and
the decrease in thickness of the PSD. The different selenium
concentrations applied intervened with the fluoride-induced
changes in the synaptic interface submicrostructure parame-
ters in hippocampus at varying degrees.

The statistical data of the synaptic interface submicrostructure
parameters in the hippocampus CA3 region are listed in Table 3.
Compared with the control group, the length of the synaptic
active zone and PSD thickness decreased highly significantly
(P<0.01), and the width of the synaptic cleft increased highly
significantly (P<0.01) in the fluoride group. However, the

Table 2 Synaptic density in the hippocampus in each group (M±SE)

Groups (n=50) Density (N/μm2)

Con 0.4878±0.1810

F 0.3096±0.2203*

LSe 0.3134±0.1769

MSe 0.3324±0.1264

HSe 0.4018±0.1619

F+LSe 0.2948±0.1234

F+MSe 0.3483±0.2463

F+HSe 0.3478±0.1285

Ten photos were taken from each rat and each group contained five rats.
Data are presented as means±SE. Mean values were determined using
homogeneity test of variances and LSD test

*P<0.05, compared with the control group

Fig. 2 Electron microscopy
images of the synaptic interface
submicrostructure in the
hippocampus CA3 region for
each group (×100,000). a Control
group: synaptic structural
integrity, vesicles clear and dense;
b fluoride group: vesicles
dispersed, structure blurred, width
of synaptic cleft significantly
widened, thickness of PSD
thinned, and length of synaptic
active zone shortened; c LSe
group; d MSe group; e HSe
group: length of synaptic active
zone significantly shortened,
organelles disordered, and
curvature decreased; f F+LSe
group; g F+MSe group: synaptic
structural integrity, vesicles clear
and dense; and h F+HSe group
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length of the synaptic active zone decreased significantly
(P<0.05) in the HSe group. Compared with the fluoride
group, the length of the synaptic active zone increased highly
significantly (P<0.01), the width of the synaptic cleft de-
creased highly significantly (P<0.01), and the thickness of
PSD significantly increased (P<0.05) in the F+MSe group.
Similarly, the PSD thickness increased significantly (P<0.05)
in the F+HSe group.

Assay of NO Content and NOS Activity in the Hippocampus

The NO content and NOS activity in the hippocampus were
evaluated. The statistical data are listed in Table 4. Compared
with the control group, the NO content and NOS activity in the
rat hippocampus increased highly significantly (P<0.01) in the
fluoride group, and the NOS activity significantly increased
(P<0.05) in the Se (Se 0.75 and 1.5 mg/L) and F+LSe groups.

Compared with the fluoride group, NOS activity decreased
highly significantly (P<0.01) in the F+Se (Se 0.75 and
1.5 mg/L) groups. Moreover, NO content decreased signifi-
cantly (P<0.05) in the F+HSe group.

Western Blot Analysis of PSD-93 and PSD-95

The changes in the protein expressions of PSD-93 and PSD-
95 in the hippocampus were detected using Western blot
analysis, and the results are presented in Fig. 3. Compared
with the control group, the protein expression of PSD-93 in rat
hippocampus was highly significant (P<0.01), which in-
creased by 30 and 28 % in the fluoride and F+LSe groups,
respectively. Compared with the fluoride group, the protein
expression of PSD-93 significantly decreased (P<0.05) by
18 % in the F+HSe group. The protein expression of PSD-
95 decreased highly significantly (P<0.01) by 25 % in the
fluoride group, and significantly decreased (P<0.05) by 19 %
in the MSe group when compared with control group. Fur-
thermore, the protein expression of PSD-95 increased highly
significantly (P<0.01) by 23 % in the F+LSe group when
compared with the fluoride group.

RT-PCR Analysis of PSD-93 and PSD-95

The mRNA expression was detected by RT-PCR to examine
the changes in the mRNA expression of PSD-93 and PSD-95
in the hippocampus. The results are shown in Fig. 4. Com-
pared with the control group, the mRNA expression of PSD-
93 in the rat hippocampus increased highly significantly
(P<0.01) by 34 % in the fluoride group. Compared with the

Table 3 Synaptic interface submicrostructure parameters in the hippo-
campus CA3 region (M±SE)

Groups
(n=50)

Length of
synaptic active
zone (nm)

Width of
synaptic cleft
(nm)

Thickness of
PSD (nm)

Curvature
of synaptic
interface

Con 393.35±138.48 16.12±1.57 40.17±8.35 0.93±0.22

F 284.11±68.68** 20.94±6.36** 29.28±4.57** 0.87±0.08

LSe 316.16±49.11 17.73±3.24 34.70±2.35 0.91±0.13

MSe 307.61±95.89 17.85±5.20 34.81±11.23 0.94±0.11

HSe 302.67±70.09* 18.22±2.43 34.98±6.32 0.93±0.10

F+LSe 339.94±52.60 19.27±1.74 35.75±8.53 0.91±0.16

F+MSe 452.01±107.13## 16.07±2.23## 38.17±3.00# 0.94±0.04

F+HSe 320.66±90.14 18.25±4.02 36.96±2.13# 0.89±0.09

Ten synapses were calculated from each rat and each group contained five
rats. Data are presented as means±SE. Mean values were determined
using homogeneity test of variances and LSD test

*P<0.05; **P<0.01, compared with the control group
# P<0.05; ##P<0.01, compared with the fluoride group

Table 4 NO content and NOS activity in hippocampus (M±SE)

Groups (n=10) NO (μmol/g prot) NOS (u/mg prot)

Con 0.34±0.048 0.09±0.003

F 0.72±0.092** 0.44±0.064**

LSe 0.53±0.100 0.33±0.078*

MSe 0.56±0.120 0.32±0.064*

HSe 0.55±0.112 0.27±0.106

F+LSe 0.52±0.118 0.30±0.101*

F+MSe 0.49±0.068 0.10±0.005##

F+HSe 0.42±0.061# 0.11±0.011##

Data are presented as means±SE. Mean values were determined using
homogeneity test of variances and LSD test

*P<0.05; **P<0.01, compared with the control group
#P<0.05; ##P<0.01, compared with the fluoride group

Fig. 3 Changes in the protein levels of PSD-93 and PSD-95 in the
hippocampus (M±SE, n=3). AWestern blot analysis data and the quan-
tification of band intensity are shown. The data are expressed as the ratio
of the band intensity value to the corresponding β-actin optical density
(OD). *P<0.05, **P<0.01, compared with the control group; #P<0.05,
##P<0.01, compared with the fluoride group
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fluoride group, the mRNA expression of PSD-93 significantly
decreased (P<0.05) by 19 % in the F+LSe group, and de-
creased highly significantly (P<0.01) by 27 and 25 % in the
two F+Se groups (Se 0.75 and 1.5 mg/L, respectively).

Compared with the control group, the mRNA expression of
PSD-95 decreased highly significantly (P<0.01) by 29 % in
the fluoride group. However, compared with the fluoride
group, the mRNA expression of PSD-95 tended to rise in all
three F+Se groups, but no significant differences were ob-
served (P>0.05).

Discussion

Endemic fluorosis is a typical geochemical disease. Past stud-
ies on fluorosis focused on the damage to phrenological
organs. Recent studies have found that chronic fluorosis in-
duces injury in non-phrenological organs, especially to the
central nervous system [19–21]. Selenium is an indispensable
component of glutathione peroxidase and some antioxidant
proteins. It can inhibit free radicals, enhance antioxidant ca-
pacities, maintain biofilm stability, and perform other impor-
tant physiological functions [22, 23]. Selenium has both nu-
tritional and poisonous properties—its biological effects de-
pend largely on the administered dose [24]. The range between
nutritional and toxic doses of selenium is narrow. When using
selenium as a nutritional supplement, its safety limits and
potential toxic effects are first considered [25]. Researchers
have shown that selenium attenuates high concentrations of

fluoride of rats, promotes urinary fluoride excretions [26, 27],
and alleviates symptoms of fluorosis. Studies have also shown
that selenium in appropriate concentrations alleviates fluoride-
induced injury to the central nervous system [28]. The current
experiment is based on an effective selenium dose of 1.5 mg/L
based on our previous studies of selenium against chronic
fluorosis in adult fluorosis rats [15, 28]. However, the specific
molecular mechanism remains unknown.

The hippocampus is closely related to learning, memory, and
emotional behavior. The transmission of nerve signals and plas-
ticity changes in synapses are easily affected by age [29], drugs
[30], and environmental factors [4]. The morphological studies
on nerve cells have shown that fluorosis can induce synaptic
plasticity changes in the hippocampus, including the curvature of
synaptic interface, width of synaptic cleft, PSD thickness, and
length of the synaptic active zone [31]. These parameters are
important factors affecting synaptic transmission efficiency [32,
33]. The results in this study indicated that a high fluoride level
can induce pathological changes in the synaptic ultrastructure of
the hippocampus, and intake of selenium alone may also induce
damage to the central nervous system. These findings suggest
that the accumulation of selenium due to excessive selenium
supplementation may cause selenium poisoning. However, the
results on the appropriate concentration of selenium intervening
with fluoride-induced synaptic plasticity changes in the hippo-
campus are consistent with those of previous studies [28].

Epidemiological studies indicated that the cognitive defi-
cits in fluorosis patients may be related to the fluoride-induced
cellular signal transduction factor. As an endogenous free
radical, NO generates strong oxidant peroxynitrite, induces
lipid peroxidation, and damages the protein structure via the
nitrification of amino acids. The NO content and metabolic
regulation enzyme for NOS activity increased significantly,
which generated subsequent neurotoxicity [34]. Furthermore,
studies have demonstrated the location of NOS in brain neu-
rons which suggests that NOS may be implicated in synaptic
plasticity [35]. The increase of the NOS activity in fluoride and
three selenium groups suggest that intake of selenium alone
may have toxic effects on hippocampus. While the decrease of
NOS activity in the F+Se (0.75 and 1.5 mg/L) group indicates
that appropriate selenium concentrations can antagonize these
changes. These results provide further evidence for the theory
on fluoride-induced oxidative stress and nitrous acid damage
[36, 37].

The PSD is the part of the cytoskeletal structure that orga-
nizes andmediates the signaling pathway of excitatory synaptic
transmission. Its protein composition and changes are closely
related to the postsynaptic effect [34, 38]. The complexes that
form the series of proteins, including PSD-93 and PSD-95,
mainly exist in the postsynaptic membrane of excited asym-
metric type II synapses. PSD-93 and PSD-95 appear to have
distinct roles in synaptic plasticity, perhaps through differential
recruitment of signaling molecules to theN-methyl-D-aspartate

Fig. 4 Changes in the mRNA expression levels of PSD-93 and PSD-95
in the hippocampus (M±SE, n=3). A semi-quantitative PCR analysis data
and the quantification of band intensity are shown. The data are expressed
as the ratio of the band intensity value to the corresponding β-actin
optical density (OD). *P<0.05, **P<0.01, compared with the control
group; #P<0.05, ##P<0.01, compared with the fluoride group
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receptor (NMDAR) [39]. The destruction of PSD-93weakened
the NMDAR aggregation in the cell membrane, reduced neu-
ronal nitric oxide synthase (nNOS) activity, and mediated the
neurotoxicity by NMDAR–nNOS. Studies have indicated that
excessive fluoride directly induces changes in the protein struc-
ture and activity, hinders the beginning of peptide chain synthe-
sis, and significantly reduces the mRNA content and the rate of
protein synthesis [34]. The increase of the protein and mRNA
levels of PSD-93 in the hippocampus by fluorosis and the
antagonism of fluoride-induced expression changes of PSD-93
under appropriate concentrations of selenium prompted the PSD-
93 which may be key links to the fluoride-induced toxicity in the
central nervous system and the intervention of selenium. PSD-95
spreads over the neuronal cell bodies and is closely related to
physiological processes such as learning, memory, synaptic plas-
ticity, and pathological damage due to ischemia and hypoxia [40,
41]. Although seleniummitigates the changes in PSD-95 expres-
sion with fluorosis, the effects are not significant.

Compared with the fluorosis-induced effects on the protein
and gene expression levels of PSD-93 and PSD-95 in the rat
hippocampus, the opposite trend in the expression levels was
found, thus verifying that the outcome on synaptic plasticity
by regulating either PSD-95 or PSD-93 levels is dramatically
different [42]. The different protein expressions of PSD-93
between the control and the F+LSe group is likely because
low selenium concentrations cannot attenuate the toxicity of
fluoride. The appropriate selenium concentrations intervene in
fluoride-induced changes in the protein and mRNA expression
levels of PSD-93 and PSD-95 in the hippocampus. While the
protein and gene expression levels of PSD-93 showed no sig-
nificant differences among the three selenium groups, which
suggested that selenium alone had different biological effects
than those of combined selenium and fluoride.

In summary, chronic fluorosis caused injury to synaptic
plasticity in rat hippocampus. The NO content, NOS activity,
and changes in the gene and protein expression levels of PSD-
93 and PSD-95 may provide the molecular basis for fluoride-
induced changes in the synaptic plasticity in the hippocampus.
The appropriate selenium concentration exhibited evident ef-
fects on the changes of the synaptic plasticity in the hippocam-
pus induced by chronic fluorosis. The mechanism might be
related to the reversal of fluoride-induced molecular changes in
the synapses in the hippocampus under the experimental con-
ditions. In our studies, the selenium concentration from 0.75 to
1.5 mg/L was the optimal dosage range for antagonizing the
neurotoxicity of fluorosis in adult rats. But it needs further
study, since higher concentration may also have prevention
effect. The changes in the protein and gene expression levels
of PSD-93 might be the key link to fluoride-induced central
nervous toxicity and the intervention of selenium.
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