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Abstract

The alveolar bone is an important mineralized structure of the periodontal support apparatus, and information about the meth-
ylmercury (MeHg) effects on the structural integrity is scarce. Therefore, this study aimed to investigate whether systemic,
chronic, and low-dose exposure to MeHg can change the alveolar bone microstructure of rats. Adult Wistar rats (n = 30) were
exposed to 0.04 mg/kg/day of MeHg or vehicle through intragastric gavage. The animals were euthanized after 60 days, and
blood samples were collected for trolox equivalent antioxidant capacity (TEAC), glutathione (GSH), lipid peroxidation (LPO),
and comet assays. The mandible of each animal was collected and separated into hemimandibles that were used to determine the
total Hg level in the bone and to analyze microstructural damage and alveolar bone loss in terms of trabecular number (Tb.N),
trabecular thickness (Tb.Th), bone volume fraction (BV/TV), and exposed root area of the second molars. MeHg exposure
triggered oxidative stress in blood represented by lower levels of GSH and TEAC and the increase in LPO and DNA damage of
the blood cells. High total Hg levels were found in the alveolar bone, and the microstructural analyses showed a reduction in
Tb.N, Tb.Th, and BV/TV, which resulted in an increase in the exposed root area and a decrease in bone height. Long-term MeHg
exposure promotes a systemic redox imbalance associated with microstructural changes and alveolar bone loss and may indicate
a potential risk indicator for periodontal diseases.
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Introduction even at low concentrations [1]. All Hg chemical forms found
in nature are considered toxic, and the toxicity level is depen-
dent on dosage, form, and exposure time [2—4].
Methylmercury (MeHg) is considered the most harmful form
due to bioaccumulation/biomagnification processes and
the triggering of physiological and biochemical imbalances
in humans and animal models [5-9]; however, effects on the
oral cavity and associated structures are scarce [10, 11].

The systemic exposure to MeHg may affect several phys-
iological functions [3, 12—14]. Recently, our research group
has shown the toxic effects of systemic, chronic, and low-dose
exposure to MeHg on the salivary glands, which play a key
role in the homeostasis of the oral cavity [5, 10, 11].

The toxicity of MeHg on bone tissue was shown in studies

Exposure to mercury (Hg) is considered a public health prob-
lem since it may cause harmful effects on the human body
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with fish, in which changes in bone metabolism were ob-
served, with possible inhibition of osteoblast and osteoclast
activity [15, 16]. In rodents, evidence on the effects of MeHg
on bone tissue is scarce, although there is a study with a
prenatal exposure model that revealed changes in the fetal
growth pattern and delay in the ossification process [17].
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Thus, there is no evidence in the literature regarding the pos-
sible effects of MeHg on the alveolar bone, using a model of
chronic exposure to low doses.

The alveolar bone presents unique and specific character-
istics that are necessary to provide physiological support for
the dental activity, distinguishing itself from other long bones.
It plays a fundamental role in the dispersion of the occlusal
force received in the tooth to the rest of the oral support tissues
[18]. It has distinct physiological and histological characteris-
tics from other long bones and tissue dynamism, by deriving
from the cells of the neural crest, suffering constant bone
remodeling according to the stimulus (which can be local or
systemic) directly influencing oral homeostasis [19, 20].

In view of the specificities of the alveolar bone tissue and
its important function in the periodontal support device
(periodontium) [21], this study aimed to investigate whether
systemic, chronic, and low-dose exposure to MeHg can
change the alveolar bone microstructure in rats. The hypothe-
sis tested in this study was that systemic exposure to MeHg
increases Hg levels in the bone inducing changes in the mi-
crostructure and results in alveolar bone loss (in height),
which is an important parameter of periodontal health.

Materials and Methods
Animals and Experimental Groups

After receiving approval by the Ethics Committee on Animal
Experimentation Research of the Federal University of Para
(CEPAE #225-14), 30 male and ninety-day-old Wistar rats
(Rattus novergicus) were maintained in cages with 5 animals
each at 25 °C on a 12-h dark/light cycle and received balanced
food and water ad libtum. Animals in the exposed group (n =
15) were intoxicated with 0.04 mg/kg/day of MeHg chloride
(Sigma-Aldrich, Saint Louis, MO, USA) solubilized in oil,
while animals in the control group (n = 15) only received sim-
ilar volumes of oil. All animals were exposed for 60 days
through intragastric gavage according to a protocol adapted
from Kong et al. [22] and validated in previous studies from
our research group [5, 10, 11]. The animals were weekly
weighed for MeHg dose adjustment and body mass determi-
nation. In accordance with Kong et al. [22] and our previous
studies mentioned above, this dose administered represents a
model of populations chronically exposed to this metal.

Sample Collection

This research included biochemical and genotoxic analyses of
peripheral blood, which aimed to assess the systemic damages
triggered by MeHg toxicity. Additionally, the bone analyses
aimed to investigaet the effects of MeHg on the alveolar bone.

@ Springer

After 60 days of exposure, the animals were anesthetized
with a combined solution of ketamine (90 mg/kg) and
xylazine (9 mg/kg) and blood samples were collected through
an intracardiac puncture. The blood samples were stored in
tubes with 50 uL of 5% ethylenediaminetetraacetic acid
(EDTA) and centrifuged at 3000 rpm for 10 min, except for
one aliquot from each sample that was kept fresh and without
centrifugation for comet assay and reduced glutathione (GSH)
quantification, respectively. Then, plasma was collected and
stored in microtubes at — 80 °C. Plasma samples were ana-
lyzed for thiobarbituric acid reactive substances (TBARS)
and Trolox equivalent antioxidant capacity (TEAC). The re-
sults of the biochemical analyses in the blood were expressed
as a percentage of the control.

Each animal mandible was collected and separated into
hemimandibles that were used to respectively determine the
total Hg level in the alveolar bone and to analyze microstruc-
tural damage and alveolar bone loss. All experimental steps
are summarized in Fig. 1.

Oxidative Biochemistry Analyses
Reduced Glutathione (GSH)

The reduced GSH content was determined according to
adapted Ellman’s method [23]. For the first measurement,
20 pL of total blood were diluted on 180 uL of distillate water
in order to induce hemolysis. After that, an aliquot (20 pL) of
the hemolysate was placed in a tube with 20 uL of distilled
water plus 3 mL of PBS-EDTA buffer solution (pH 8.0).
Then, 5.5'-ditiobis-2-nitrobenzoic acid (DTNB; 0.47 mmol)
was added to the solution and the second measurement was
performed after 3 min. The results were expressed in pg/
mL then converted into percentage (%) of control.

Trolox Equivalent Antioxidant Capacity (TEAC)

The TEAC was determined according to a non-specific meth-
od adopted by Rufino et al. [24]. Potassium persulfate
(2.45 mM) was added to 2.2'-azino-bis(3-ethylbenzothiazo-
line)-6-sulfonic acid (ABTS; 7 mM) and incubated at room
temperature for 16 h to produce ABTS+radical. The working
solution was prepared with ABTS+radical and phosphate-
buffered saline (PBS) solution (pH 7.2) to obtain an absor-
bance of 0.7 + 0.02 at 734 nm. Subsequently, 30 puL plasma or
Trolox standard (standard curve) was added to 2970 pL of
ABTS working solution and the absorbance was read after
5 min. The absorbances were measured in triplicate, calculat-
ed by following a standard curve with Trolox [25] and the
total antioxidant capacity in plasma was expressed in
pumol/L then converted into percentage (%) of control.
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Fig. 1 (1) Sample description. (2) Blood and hemimandible collection. (3) Oxidative biochemistry analyses and comet assay. (4) Determination of Hg

level. (5) Microtomography. (6) Alveolar bone loss analyses
Thiobarbituric Acid Reactive Substances (TBARS)

The TBARS determination was used to measure the lipid perox-
idation (LPO), as described by Kohn et al. (1994) and modified
by Percario et al. [26, 27]. The LPO produces malondialdehyde
(MDA) that reacts with thiobarbituric acid (TBA) and generates a
chromophore. Briefly, 1 mL of TBA (10 nM) was added to
100 pL of samples and incubated at 94 °C for 1 h. The samples
were cooled; 4 mL of n-butanol was added to each sample that
was homogenized and centrifuged at 2500 rpm for 10 min. The
organic phase (3 mL) was read by spectrophotometry at 535 nm
and TBARS concentration was expressed in pmol/L then con-
verted into percentage (%) of control.

Comet Assay

The deoxyribonucleic acid (DNA) damage was analyzed by
the alkaline comet assay described by Singh and Stephens
[28], also called single-cell gel electrophoresis (SCGE). An
aliquot of blood (20 uL) collected from the animals exposed
to MeHg was homogenized with 120 pL of low-melting tem-
perature agarose and added to slides pretreated with agarose
layer. After drying, slides were incubated in lyse solution (in
M:2.5NaCl, 0.1 EDTA, 0.01 Tris, and 1% Triton X-100) and
maintained overnight at 4 °C. Next, the slides were placed into
the electrophoresis solution (in mM: 300 NaOH, 1 EDTA;
pH 13) for 20 min for DNA unwinding. Electrophoresis was

conducted for 20 min at 30 V (1 V/cm) and 300 mA. The
slides were neutralized with 0.4 M Tris buffer (pH 7.5),
stained with DAPI (Enzo Life Sciences, NY, USA), and ana-
lyzed with fluorescence microscopy (Axio Imager Z2, Carl
Zeiss, Germany) connected to a digital image processing soft-
ware (Axiovison 4.8, Carl Zeiss). Two slides per animal and
50 cells per slide were automatically analyzed through specif-
ic software (Komet 7, Andor, UK). DNA damage was
expressed as the length of the comet tail in percentage.

Hg Level

The total Hg level analysis in the alveolar bone followed the
method adopted by Suzuki et al. [29], in which 0.5 g maxi-
mum of wet weight per sample is determined. The method
involves the reduction of Hg** ions in the sample solution
with stannous chloride to generate elemental Hg vapor
(Hg"), which is measured by a cold vapor atomic absorption
spectrophotometer (Hg-201 Semi-Automated Mercury
Analyzer, Sanso Seisakusho Co., Japan). The values
per animal were expressed in pg/g, tabulated and sub-
mitted to statistical analysis.

Micro-computed Tomography (Micro-CT)

Non-demineralized specimens were scanned by a cone-beam
micro-CT system (Skyscan 1172, Bruker, Belgium) according
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to Hassumi et al. [30]. The X-ray generator was operated at an
accelerated potential of 60 kV with a beam current of 165 HA,
exposure time of 650 ms per projection, and at a voxel size of
6 x6x 6 mm. A volume of interest (VOI-prismatic section)
was outlined from the apexes of all roots of second molars
(touching the roots surfaces in all images of the coronal
dataset) and measured with the aid of an image processing
software (DataViewer, Bruker). The following parameters
were analyzed: trabecular number (Tb.N), trabecular thick-
ness (Tb.Th), and bone volume fraction (BV/TV). Such pa-
rameters allow the evaluation of bone quality in three dimen-
sions, allowing a detailed description of structural variation.
Rendered reconstructions of the microtomographic sections
were also obtained by using a 3D software (CTAn, Bruker).

Exposed Root Area

The measurement of the area between the cementoenamel junc-
tion (CEJ) and alveolar bone crest of second molars was used for
better delimitation of the area to be evaluated and as a sensitive
parameter of alveolar bone loss [31]. The hemimandibles were
immersed in 8% sodium hypochlorite for 4 h to remove soft
tissue remnants, washed in running water, immediately dried,
and immersed in 1% methylene blue (Sigma-Aldrich) to better
delineate the CEJ [32]. Subsequently, images of the exposed area
of the lingual surface of second molars were obtained with a
stereomicroscope (M205A, Leica, Wetzlar, Germany) and imag-
ing software (LAS-X, Leica). The limits of the images were the
CEJ, alveolar bone crest, and mesial and distal surfaces of the
second molars.

Statistical Analyses

The sample size calculation was performed considering the
exposed root area variable with mean difference of 0.1 and
standard deviation of 0.1 between groups. The power of the
test was considered 80%, alpha level of 0.05, and allocation

Fig. 2 Body weight (g) (mean + 3001
SEM) of rats exposed to

0.04 mg/kg/day of MeHg for
60 days in comparison to the

control group (n = 30)

Body weight (g)
N N N N N
o N S (2] (o]
s ¢ £ £ 2

180

rate of 1: 1, resulting in 15 animals per group. The data dis-
tribution of each group was tested by the Shapiro-Wilk test.
Student’s # test was applied for the variables normally distrib-
uted. The body weight of the animals was analyzed by two-
way analysis of variance (ANOVA) with repeated measure-
ments followed by Sidak’s test. The data were expressed as
mean + standard error of the mean (SEM)| and analyzed with
Student’s ¢ test (GraphPad Prism 7.0, San Diego, USA). For
all analyses, the alpha value was considered 0.05.

Results

Exposure to MeHg Did Not Affect the Animals’ Body
Weight

No significant changes in the animals’ body weight were
found between the MeHg-exposed (239.9 + 6.9 g) and control
groups (237.3+£7.16 g; p=0.9883) (Fig. 2).

MeHg Exposure Promoted Lower Levels of GSH and
TEAC and a Higher Concentration of TBARS in Blood

The GSH levels were significantly reduced (p <0.0001) in the
exposed (59.71 +£2.18%) when compared to control groups
(100£4.7%) (Fig. 3a). It was also observed a significant (p <
0.0001) decrease in TEAC levels in the comparison between the
exposed (62.8 +3.3%) and control groups (100+2.57%) (Fig.
3b).

A significant increase in TBARS levels (p <0.0001) was
observed in animals exposed to MeHg (194 +5.7%) in com-
parison to those in the control group (100 £ 6.3%) (Fig. 3c).

The TBARS/TEAC ratio showed a significant increase in
the exposed group (304.8 +13.38%) when compared to the
control group (100 +9.7%), which indicates the occurrence of
oxidative stress process (Fig. 3d).

-e— Control
-= MeHg
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Fig. 3 Oxidative biochemistry analyses in blood after exposure to MeHg
(0.04 mg/kg/day). The graphs show, as percentage of the control (Mean +
SEM), the oxidative biochemistry results of both exposed and control

MeHg Long-Term Exposure Impaired DNA Integrity of
Blood Cells

Animals exposed to MeHg (33.0 £ 1.0%) presented blood cells
with a significantly larger tail (p < 0.0001) due to DNA fragmen-
tation in comparison to the control group (10.3 +0.3%) (Fig. 4).

Fig. 4 a, b Comet assay
photomicrographs obtained from
rats’ blood cells of control and
MeHg-exposed groups submitted
to DNA unwinding for 20 min
and electrophoresis (30 V/cm,
300 mA) for 20 min. ¢ Percentage
of DNA damage in both control
and MeHg-exposed groups (n =
15). "p<0.05 (Student’s 7 test).
Scale bar: 17 pm
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groups after the exposure period (60 days). a GSH (umol/mL), b
TEAC levels (mmol/L), ¢ TBARS concentration (nmol/mL), and d
TBARS/TEAC ratio. *p <0.05 (Student’s 7 test) (n = 15)

MeHg Exposure Increased Hg Level in Alveolar Bone

After 60 days, exposed animals presented a significantly
higher total Hg level in the alveolar bone (0.26 +0.03 ng/g)
than the control group (0.06+£0.008 ng/g; p=0.0002)
(Fig. 5).

401
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% tail DNA

Control MeHg
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Fig. 5 Total Hg levels (ng/g) in the alveolar bone of animals exposed to
0.04 mg/kg/day of MeHg for 60 days and control group (n=15).
*p <0.05 (Student’s ¢ test)

MeHg Exposure Promoted Morphological Changes in
Alveolar Bone

Micro-CT analyses of alveolar bone from the MeHg-
exposed group revealed significantly lower Tb.N (6.06 =
0.21) in comparison to the control (7.08 +0.44; p=10.03)
(Fig. 6d). Significantly lower Tb.Th was also observed in
the MeHg-exposed group (0.074 £0.001 mm) when com-
pared to the control (0.08+£0.003 mm; p=0.006) (Fig.
6¢). Moreover, a significantly smaller bone volume frac-
tion (BV/TV) was observed in the MeHg-exposed group
(46.98 +£1.62%) in comparison to the control (55.47 +
1.81%; p=0.006) (Fig. 61).

Tb.N (mm")

0 0.0

=3

MeHg Exposure Increased the Exposed Root Area on
Second Molars

The analysis of the exposed root area on second molars (be-
tween CEJ and alveolar bone crest) indicated a significantly
higher alveolar bone loss in the MeHg-exposed group (0.80 +
0.01 mm?) when compared to the control (0.69 +0.02 mm?;
p=0.0006) (Fig. 7).

Discussion

The findings of this research demonstrated that systemic,
chronic, and low-dose exposure to MeHg in rats increases
the levels of Hg in the alveolar bone and promotes microstruc-
tural changes that result in alveolar bone loss (in height). To
the authors’ best knowledge, this is a pioneering study on the
damage susceptibility of alveolar bone exposed to MeHg.

In this animal study model, the long-term exposure to
MeHg aimed to simulate the toxicological effects faced by
populations in endemic areas. Our research group has previ-
ously reported that even 0.04 mg/kg/day of MeHg may dam-
age several organs due to wide distribution of this organome-
tallic compound [5, 10, 11, 33, 34]. From this perspective, the
administration of MeHg by intragastric gavage aimed to sim-
ulate human exposure that mainly occurs by food ingestion [5,
10, 11]. Most of MeHg is absorbed by the enterocytes and is
widely distributed to different systems through the blood,
which is an important biomarker of exposure [35-38].

BV/TV (%)
8

N
=3

0

T T
Control MeHg Control

Fig. 6 a Representative micro-CT cross-sectional image of the region of
interest (ROI): the mesial root of the lower second molar. b, ¢ 3D image
of the area of interest in the control and MeHg groups, respectively. d

@ Springer

MeHg Control MeHg

Tb.N (mm™). e Tb.Th (mm). fBV/TV (%). The results are expressed as
mean = SEM (n=15). *p <0.05 (Student’s ¢ test). Scale bar: 0.5 mm
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Fig. 7 a, b Stereomicrographs of
hemimandibles of the control and
MeHg-exposed groups, respec-
tively. ¢ Graph of the exposed
root area (mm?) between CEJ and
lingual alveolar bone crest of
second molars (n=15). *p <0.05
(Student’s t test). Scale bar:

0.5 mm

Although relevant data on Hg distribution kinetics have
been reported [38], few descriptive pieces of evidence on Hg
levels in exhumed human bones and rare studies on
long bones are available in the literature [39—41], while
research on the effects of Hg in the alveolar bone is
still lacking. Therefore, this unprecedented in vivo study
model demonstrates that after systemic administration of
0.04 mg/kg of MeHg for 60 days, the alveolar bone can
incorporate 4 to 6 times more Hg than salivary glands
and other regions of the central nervous system (CNS)
[5, 10, 33, 34, 42].

Once absorbed in the bloodstream, Hg ions are able to enter
in the erythrocytes since the liposoluble characteristic of this
organic form facilitates its passage through the lipid mem-
branes into the cells [43, 44]. Due to its relatively high affinity
to sulthydryl groups (-SH), MeHg directly binds to several
proteins and enzymes, promotes structural/functional alter-
ations, and changes in molecular pathways that compromise
cell homeostasis [45].

In order to validate this MeHg systemic exposure model, two
important parameters were investigated: oxidative stress and
DNA integrity [46]. The interaction between Hg and mitochon-
drial membrane changes disturbs intracellular ion homeostasis,
affects the electron transport chain, and leads to overproduction
of reactive oxygen species [47]. The cellular redox system be-
comes unbalanced due to the increase of ROS and consequent
reduction of enzymatic antioxidant capacity; thus, this oxidative
stress promotes the oxidation of several cellular biomolecules
such as lipids, proteins, and DNA [4].

Several studies have already shown DNA damage after
exposure to high doses of MeHg [48—51]; however, the results
of'this study evidenced damage to the genetic content of blood
cells (expressed by DNA fragmentation) even after chronic
exposure to daily low doses of MeHg. Although this study

T
Control

MeHg

aimed to validate the toxic effects resulting from MeHg oral
administration, our findings also provide information to
genotoxicity research. The direct connection of the toxic com-
pound with DNA, alteration of DNA repair mechanisms, and
inhibition of mitotic spindle formation are among the process-
es in which MeHg may lead to genotoxicity [46]. In addition,
oxidative stress may exacerbate genotoxicity, since ROS can
damage genetic material that impairs the activity of essential
proteins for the cell cycle maintenance [52, 53]; thus, long-
term DNA damages associated with changes in protein and
enzyme activities may lead MeHg-induced apoptosis [54].

In addition to the genotoxic damage observed in this inves-
tigation, another mechanism of toxicity was evidenced
through the analysis of oxidative biomolecular parameters:
increase in TBARS and reduction in antioxidant capacity
expressed by GSH and TEAC levels. The alteration in cellular
redox balance was confirmed by the TBARS/TEAC ratio,
which demonstrated an increase in pro-oxidative factors in
comparison to antioxidant defenses. The TBARS concentra-
tion indicated an increase in MDA, which is a metabolite
derived from the LPO of polyunsaturated fatty acids in cell
membranes and an important indicator of oxidative stress
[55]. The increase in LPO levels was also reported in other
studies with MeHg exposure at different dosages [56—59].

In addition to intracellular ROS increase, MeHg triggers
reactions on antioxidant compounds such as GSH, which is
the most abundant non-protein thiol compound [60] and acts
as the first defense against Hg ions [61]; however, this protec-
tive effect can decrease GSH concentration and cells become
more vulnerable to ROS that are no longer inactivated [61]. It
is important to highlight that MeHg toxicity is a result of
accumulation through interactions with intracellular biomole-
cules [45], and this fact was evidenced in this study by the
presence of high levels of Hg ions in alveolar bone tissue.
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Since these findings demonstrated the toxicity resulted
from the intracellular presence of Hg and transportation
through the bloodstream [44], its effect on other tissues such
as bone can be assumed. Nevertheless, only few studies have
evaluated the MeHg effects on bone tissue, since it exhibits
less bioaccumulation when compared to the CNS [16,
62, 63]. A controlled model study revealed that acute
MeHg exposure alters both osteoclasts and osteoblast
metabolism and calcium homeostasis [29].

In this context, the effects of MeHg exposure on alveolar
bone tissue are still not reported in the literature. This tissue is
one component of the periodontium that forms the primary
support structure of teeth and present different characteristics
when compared to other bones. Unlike bones of the trunk,
which derive from endochondral ossification, the alveolar
bone begins its formation from ectomesenchymal cells of
the tooth germ simultaneously with cementum and periodon-
tal ligament [18, 21].

Oxidative changes have been associated with the modulation
of the resorption dynamics of the alveolar bone. Studies demon-
strate that this oxidative imbalance can culminate in the imbal-
ance of inflammatory reaction mechanisms, altering cell physio-
logical maintenance, favoring cell death [64, 65]. In periodontal
tissue, both the formation and removal of ROS can be observed
by increasing the loss of support tissues through the modulation
of bone metabolism. The literature points out that modulation
involves changes in osteoblastic formation and osteoclastic bone
resorption, favoring bone loss [65].

Differently from long bones, the particular morphology of
the alveolar bone presents a compact structure with wide
plate-like trabeculae that increase mineral density and bone
volume fraction [18]; thus, parameters of microstructure dam-
age were investigated in this study. Currently, tridimensional
micro-CT is the gold-standard, non-destructive, sensitive, and
effective tool for morphological analysis of several alveolar
bone parameters such as Tb.N, Tb.Th, and BV/TV [66]. The
micro-CT analysis revealed that alveolar bone was susceptible
to damage after MeHg exposure at low doses over a long
period. Although not considered a target organ for Hg accu-
mulation [15], high levels of this metal were found in
the alveolar bone. This finding corroborates with the
cytotoxic potential of Hg, which has a systemic influ-
ence on the body metabolism that changes the alveolar
bone structure even at low doses.

Exposure to MeHg was able to alter both Tb.N and Tb.Th,
which in turn decreased the BV/TV. The larger exposed root
areas observed in the second molars indicate that potential
metabolic changes impaired bone remodeling and the quality
of alveolar bone produced by osteoblasts. This mechanism
may be associated with the affinity between Hg and -SH
groups present in several cellular proteins [45] such as type I
and III collagen, sialoprotein, and osteopontin, which are di-
rectly involved in bone tissue maintenance [67].
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Changes in these microtomographic parameters may indi-
cate alterations in the physical and structural properties of
alveolar bone tissue [68]. Depending on the stimulus type,
molecular events that regulate bone tissue formation and re-
modeling may cause metabolic imbalance and change the ul-
trastructural organization that becomes clinically visible as
alveolar bone loss [69]. The exposed root area found in ani-
mals exposed to MeHg in this study was similar to the height
loss observed in periodontitis [70, 71], which indicates that
microstructural changes can decrease the vertical dimension
of the alveolar bone.

Therefore, the findings of this study contribute to the iden-
tification of the morphological toxic effects of MeHg on the
alveolar bone of rats in a model of systemic exposure at low
doses. Future investigations about the damage mechanisms in
the interaction process between Hg ions and bone metabolism
are necessary.

Conclusion

Long-term MeHg exposure at low doses increased Hg levels in
the alveolar bone, induced microstructural changes, and resulted
in alveolar bone loss (in height). These findings may represent an
important translational significance for the oral health of subjects
environmentally exposed to MeHg due to a potential risk indica-
tor for the development of periodontal diseases.
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