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ABSTRACT

The aim of the present study was to examine the relationship between mercury (Hg) levels and Total Antioksidant Activity
(TAA) in saliva of subjects having amalgam restorations and having not such fillings.

A total of 48 subjects participated in this study , 35 whom hadamalgam restorations and the 13 had no dental amalgams. In
the amalgam group silicon impressions were taken and the total surface and occlusal surface areas of filings were calculated.
Unsitimulated saliva samples of all subjects were collected and the levels of Hg and TAA were determined.

The mean Hg concentrations of saliva determined as 21.41+26.07ug/l in subjects with amalgam restorations, and were
5.88+2.57ug /l in subjects without amalgams. Saliva Hg concentrations were found to be positively correlated with the num-
ber of amalgam fillings and were statistically lower in the group without dental amalgams . (p<0.001). the mean total and
occlusal surface areas of the amalgam fillings were determined as 193.83+£85.74 mm2 and 153.90+64.87 mm2, respectively.
Statically although there were no correlation between the total surface area of the restorations and salivary Hg levels ( p>0.05),
a positive relationship were found between the occlusal surface area of the amalgam fillings and Hg levels of saliva (p<0.05).
The mean TAA levels were 0.61+0.39 mmol/I for amalgam group and 0,49+0.13 mmol/l for the nonamalgam group . It was
found that neither the number of amalgam fillings nor the total surface and occlusal surface area of the restorations did not
correlated with the salivary TAA concentrations ( p>0.05).

The results of the study showed that although amalgam fillings were one the sources of Hg in saliva and the occlusal surface
area of these restorations were an effective factor on the salivary Hg levels, These influences were not important on the TAA
statusof the saliva.
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Bu ¢alismamn amaci amalgam dolgusu bulunan ve bulunmayan bireyleri tiikiiriik civa(Hg) seviyeleri ve total antioksidan
aktiviteleri (TAA) arasindaki iliskiyi incelemektir.

Calismaya 35 amalgam dolgulu , 13 amalgam dolgusu toplam 48 birey katildi. Amalgam dolgulu bireylerin agizlarindan olgii
alind ve restorasyonlarin yiizey alanlar: hesaplands. Tiim bireylerde uyarilmanus tiikiiriik ornekleri toplanarak , tiikiiriik Hg
ve TAA diizeyleri belirlendi.

Ortalama tiikiiriik Hg diizeyleri amalgam dolgulu bireylerde 21.41+26.07ug/l ,amalgam dolgusu bulunmayan bireylerde
5.88+2.57ug /l olarak tespit edildi. Tiikiiriik Hg konsantrasyonlarinmamalgam dolgularimn sayisiyla pozitif korelasyon gos-
terdigi ve dental amalgam olmayan bireylerde istatistiksel olarak daha diisiik oldugu belirlendi. (p<0.001)

Amalgam dolgularin toplam yiizey alanlar: veokluzal yiizey alanlari ortalamalar: ise sirayla 193.83+85.74 mm2 ve
153.90+64.87 mm2 olarak tespit edildi.Istatistiksel olarak restorasyonlarn toplam alanlar: ile tiikiiriik Hg seviyesi arasinda
bir korelasyon bulunmamasina karsin ( p>0.05), restorasyonlarin yiizey alanlart ile tiikiiriik Hg seviyesi arasinda pozitif bir
iliski bulundu (p<0.05).

Ortalama TAA seviyeleri ise amalgam dolgulu bireylerde 0.61+0.39 mmol/l, amalgam dolgusuz grupta ise 0,49+0.13 mmol/l idi.
Gerek amalgam dolgu sayisinin ve gerekse amalgam restorasyonlarimn toplam ve okluzal alanlarimn tiikiiriik TAA kon-
santrasyonlart ile bir korelasyon gostrmedigi saptandi( p>0.05).

Bu ¢alismarmn sonuglar: amalgam dolgularin tiikiiriikteki Hgnin bashca kaynaklarindan biri oldugunu ve bu restorasyon-
larin okluzal yiizey alanlarmn tiikiiriik Hg diizeyi iizerinde etkili bir unsur olmasima karsin. Bu etkinin tiikiirtigiin TAA
durumu iizerinde onemli olmadigim gosterdi.

Anahtar Kelimeler: Tiikiiriik, civa , total antioksidan aktivitesi

INTRODUCTION

The possible toxic effects of the mercury content in amal-
gam has been a subject of discussion ever since the ma-
terial’s initial use in the field of dentistry. It is known that
individuals with amalgam fillings may suffer from the tox-
ic effects of mercury vapors released from amalgams and
from elemental and ionic mercury, (1) which may lead to
increased levels of mercury in various tissue and bodily flu-
ids such as blood, plasma and saliva (2-10).

Research has shown that, as with other toxic metals, the
accumulation of mercury in the body can lead to oxida-
tive stress and the production of Reactive Oxygen Species
(ROS), which, in addition to aging and disease mech-
anisms, is believed to play an important role in mercury
toxicity (11). In addition to causing peroxidative injury to
membrane lipids and proteins, ROS may induce DNA frag-
mentation that can lead to disruption of nerve cell function
and integrity (12).

In recent years, studies have been conducted to examine
the effects of mercury on overall Total Antioxidant Activity
(TAA) and specific antioxidant enzymes such as SOD, GPx
and CAT in various bodily tissues (13-16) and fluids such
as plasma (17-18) and saliva (19-20). However, relative-

ly few studies have investigated the relationship between
mercury released from dental amalgams and antioxidant
systems (4,17,21).

This study aimed to examine the effects of mercury leached
from amalgam fillings on salivary mercury (S-Hg) levels as
well as the relationship between dental amalgams and sali-
vary Total Antioxidant Activity (S-TAA).

MATERIALS AND METHODS

Participant Selection

The study was conducted among patients applying to the
Atatiirk University Faculty of Dentistry. All of the patients
gave their written informed consent.

The study population was comprised of 48 individuals (24
males, 24 females; age range: 20-32 years). Of these, 33 (14
males, 19 females) had amalgam restorations and 15 (10
males, 5 females) had no amalgam restorations. All of the
subjects were Erzurum residents who were born in the city
and had spent most of their lives there. The presence of any
of the following were used as exclusion criteria: systemic
diseases, (22-23) use of any type of medication in the pre-
vious 3 months, (24) tobacco/alcohol consumption, (25)
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occupational exposure to mercury, (7,26) new amalgam
restorations inserted in the past year, consumption of any
fish or alcohol during the previous month, any parafunc-
tional habits (e.g. bruxism), frequent gum chewing (every
day, several times a day) (3,27 -29).

In addition, individuals found to have periodontal disease
(30) or untreated dental caries upon clinical examination
were also excluded from the study (31-32).

Measurement of Restoration Surface Area in Participants
with Amalgams

For individuals with amalgams, clinical examination in-
cluded counting and measuring the number of amalgam
fillings and amalgam surfaces using elastometric impres-
sion material. Models were constructed on which the bor-
ders of the amalgam surfaces were drawn. Occlusal surface
area and total surface area of amalgams were measured at
the Siilleyman Demirel University Cad-Cam Research and
Implementation Center using a 3D Scanning and Model-
ing Unit (Counting Measurement Machine-CMM) (Figure
3) comprised of a scanning unit (Renishaw Cyclone Series
2) and an interpretation unit (Renishaw SP 620). The unit
conducts a point-by-point examination of the 3D coordi-
nates of previously described areas to construct appropri-
ate surfaces. All described surfaces are then automatically
numbered and measured.

Saliva Sample Collection

Participants were instructed not to eat or drink anything
for 1 hour prior to saliva sample collection. Samples were
collected between 9 am-12 pm. Participants were instruct-
ed to rinse their mouth 5 times with distilled water, swallow
all saliva accumulated over the next 5 minutes and then fill
the test tubes provided with newly formed saliva. 12 Sali-
va samples of 3.5 ml were collected from each participant
and were measured for mercury and TAA levels. With the
exception of those used for mercury analysis, all samples
were centrifuged at low speed in order to remove any waste
products. All samples were stored at -80°C until analysis.

Mercury Analysis

Saliva samples were prepared for mercury analysis using a
closed microwave digestion unit (Milestone ETHOS 1600).
Cold vapor atomic absorption spectrometric (CVAAS)
analysis is the most common method used for the mea-
surement of mercury levels in biological samples (33). In

the present study, mercury analysis of saliva samples was
performed using a Perkin Elmer Simaa 6000Atomic Ab-
sorption Spectrometer with an FIAS 100 Hydride System.
This system applies the same procedures as CVAAS, is ca-
pable of analyzing other elements in addition to mercury
and has a sensitivity of 10 pg/L (for 0.07 abs).

Total Antioxidant Activity (TAA) Analysis

Salivary TAA levels were measured using a Cayman
Chemical Antioxidant Test Kit (Catalog No. 709001, Cay-
man Chemical Comp, USA). Saliva samples were prepared
according to the manufacturer’s instructions.

Statistical Analysis

Statistical analysis of data was performed using the SPSS
10.01 software package. 169 T-test was used to analyze dif-
ferences between groups, and correlation analysis was used
to analyze any relationships between parameters.

RESULTS

Mean, minimum and maximum values for number of
amalgam fillings, number of amalgam surfaces, total amal-
gam surface area and occlusal surface area in participants
with amalgams are shown in Table 1.

The mean S-Hg level was higher for females than for males,
whereas mean S-TAA was higher for males than for fe-
males; however, these differences were not statistically sig-
nificant (p>0.05) (Table 2).

Mean S-Hg level for participants with amalgams was
8.56+4.62 pg/l, compared to 5.88+2.57 ug/l for those with-
out amalgams. The difference between these levels was sta-
tistically significant (p<0.05) (Table 3, ). Mean S-TAA for
participants with amalgams was 0.61+0.39 mmol/l, com-
pared to 0.49+0.13 mmol/l for those without amalgams.
This difference was not statistically significant (p>0.05)
(Table 3).

The statistical relationship between S-Hg levels and S-TAA
and the number of amalgam fillings, number of amalgam
surfaces, total amalgam surface area and amalgam occlusal
surface area is given in Table 4. The relationship between
both number of amalgam fillings and occlusal surface area
and S-HG levels was found to be statistically significant
(p<0.05) , whereas no statistically significant relationship
was found between S-HG levels and number of amalgam
surfaces or total amalgam surface area (p>0.05) (Table
5 ). Moreover, no statistically significant relationship was
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found between any of the amalgam-related parameters and
S-TAA (p>0.05) (Table 5).
A positive relationship was found between S-Hg levels and
S-TAA (p<0.05) (Table 4).

Table 1: Mean values (x), standard deviations (SD) and
minimum and maximum values for number of amalgam
restorations, number of amalgam surfaces, occlusal surface
area and total amalgam surface area.

x SD | Minimum | Maximum
Number of amalgams 6.7 | 217 2 11
Number of amalgam surfaces | 10.76 | 4.49 4 24
Amalgam occlusal surface 153.90 | 64.87 | 48.85 357.60
area (mm?2)
Total amalgam surfacearea | 193.83 | 85.74 [ 55.96 477.76
(mm2)

Table 2: Saliva mercury levels and total antioxidant activity
(mean levels and standard deviations), by sex of participants.

Male Female
(n=24) (n=24)
x+SD x+SD t p
T-Hg (ug/) 7.54+4.99 7.91£3.44 | -0.301 0.765
T-TAA (mmol/l) 0.60+0.41 0.54+0.25 0.587 0.560

Table 3: Saliva mercury levels and total antioxidant activity
(mean levels and standard deviations), by amalgam status
(participants with amalgams vs participants without amal-
gams).

With Without
amalgams | amalgams
(n=33) (n=15)
x+SD x+SD t p
T-Hg (ug/D 8.56+4.62 | 5.88+£2.57 | 2.092 0.042%
T-TAA (mmol/l) 0.61+0.39 0.49+0.13 1.178 0.245
*p<0,05

Tablo 4: The relationship between saliva mercury levels and
saliva Total Antioxidant Activity

N T-TAA
(mmol/l)
T-Hg 48 r=0.288*
(ug/) p=0.047
* p<0.05,** p<0.001

Table 5: The relationship between saliva mercury levels
and saliva Total Antioxidant Activity among participants
with amalgams and the number of amalgam restorations,
number of amalgam surfaces, occlusal surface area and to-
tal amalgam surface.

N | Number of | Number of |  Total Amalgam
amalgams | amalgam | amalgam | occlusal
surfaces |surface area|surface area
T-Hg 33 | r=0.385* r=0.225 r=0.222 r=0.423*
(ug/l) p=0.027 p=0.208 p=0.214 p=0.014
T-TAA | 33 r=0.209 r=0.254 r=0.196 r=0.185
(mmol/1) p=0.242 p=0.154 p=0.273 p=0.302
p<0.05
DISCUSSION

The findings of our study indicate that amalgam fillings are a
significant source of mercury in saliva. S-Hg levels among par-
ticipants with amalgam restorations were found to be statistically
higher than S-Hg levels among participants without amalgams.
This finding is in line with those of previous studies (34-36).

In our study, mean S-Hg levels of participants with amal-
gams and those without amalgams were 8.56+4.62 pg/l
(range: 1.17-22.45 pg/l) and 5.88+2.57 pg/l (range: 0.67-
10.60 pg/l), respectively. S-Hg levels of participants with
amalgams in this study were similar to levels reported by
Gradl and Gebhardt (37) and Monaci et al. Although the
mean S-Hg level of participants without amalgams in this
study was higher than levels found in some previous studies,
(38-39) the range of values is consistent with those report-
ed in the literature. The difference in values reported in this
study and previous studies may be associated with various
factors, such as the time of day when the saliva samples were
collected (3). It has also been suggested that since salivary
mercury includes mercury from squamous epithelial cells
and bacteria as well as mercury vapors, differences in S-HG
levels may be due to variations in the amount of epithelial
cells and bacteria found in individual saliva samples (40).

Numerous studies have shown that saliva mercury levels
are higher among individuals with amalgam restorations
in comparison to those without amalgam restorations,
regardless of whether saliva collection was stimulated or
unstimulated (41-42). Our study also found that the con-
centration of mercury in the saliva of individuals with
amalgam restorations was significantly higher when com-
pared to individuals without amalgams (p<0.05).

84 KOCAKERIM ISKENDER ve ark. Ankara Egt. Ars. Hast. Derg. 2017; 50 (2):  81-87



SALIVARY MERCURY CONCENTRATIONS AND TOTAL ANTIOXIDANT ACTIVITY/
TUKURUK CIVA SEVIYESI VE TOTAL ANTIOKSIDAN AKTIVITESI

Our study found the number of fillings and the amalgam
occlusal surface area had a significant effect on the S-Hg
levels of individuals with amalgam fillings (p<0.05). This is
in line with studies by Monaci et al, (43)Pizzichini et al (19-
20) and Ganss et al, (3) all of which found a relationship
between number of amalgam fillings and saliva mercury
levels; however, it is in conflict with a study by Mumcu, (39)
which found no significant correlation between the num-
ber of amalgam fillings or amalgam occlusal surface area.
In the latter study, amalgams were placed in a single sitting,
and S-Hg levels were measured immediately after, 24 h af-
ter and 1 month after amalgam placement. The difference
in methodology between this study and our study may ac-
count for the different findings.

Our study found total number of amalgam surfaces and
total amalgam surface area had no significant effect on sal-
ivary mercury levels (p>0.05). This finding conflicts with
those of previous studies by Lygre et a1 (44) and Ganss et al
(3) The differences in findings may be explained by the use
of stimulated saliva samples in the case of Lygre et al, (44)
and in the case of Ganss et al, (3) by the lower sensitivity of
the technique used for measuring amalgam surface area in
comparison to the method used in our study.

Whereas S-Hg concentrations were found to be affected by
number of amalgam fillings and amalgam occlusal area, no
such relationship was found between S-Hg concentrations
and total number of amalgam surfaces or total amalgam
surface area. These findings may be related to the fact that
a significant amount of salivary mercury originates from
oral mucosa (40). Considering that the occlusal surfaces of
amalgam fillings are in direct contact with oral mucosa, it
is logical that they would make a greater contribution to
the mercury levels in oral mucosa and, therefore, saliva in
comparison to amalgam proximal surfaces.

There is increasing proof that fugitive metals such as mer-
cury play a catalyzing role in the oxidative injury of biolog-
ical macromolecules. This has led to suppositions that oxi-
dative tissue damage may be related, at least in part, to the
toxicity of these metals (11). Previous research has shown
that mercury is capable of producing reactive oxygen spe-
cies (ROS) and leading to changes in the levels of various
antioxidants (11,45,46).

As the first biological medium to come into contact with
food, drink and material taken in through respiration, as
well as the first biological fluid to come into direct contact
with mercury leached from amalgam fillings, saliva is the
first line of defense against oxidative stress caused by free
radicals (47). Our study examined TAA as a representative
measure of general antioxidant status. Significant differenc-
es were found between salivary TAA (S-TAA) in individu-
als with amalgams and those without amalgams (p>0.05).
Moreover, a positive correlation was found between S-Hg
levels and S-TAA (p<0.05). However, no significant rela-
tionship was found between S-TAA and number of amal-
gam fillings, number of amalgam surfaces, amalgam occlu-
sal surface area or total amalgam surface area (p>0.05).
Studies in the literature examining the effects of mercury
in amalgam fillings on antioxidants have looked mainly at
plasma, (4,21,48) with only 2 studies focusing on salivary
antioxidant mechanisms (19,20).

Studies by Pizzichini et al used the FRAP (ferric reducing
ability of plasma) method to determine the S-TAA levels in
34 individuals with and without amalgam fillings, examin-
ing each amalgam surface to come up with an “amalgam
score”. S-TAA scores of participants were found to be ran-
domly distributed between 85-393. Neither study found
any statistically significant relationship between S-TAA and
number of amalgams, amalgam score or S-Mg levels among
male participants; however, significant negative correlations
were found between S-TAA and these parameters among
female participants. Moreover, it was suggested that even
very slight increases in S-Hg levels were enough to lead to
significant decreases in TAA among women (19,20).

A comparison between the present study and that of Piz-
zichini et al (19,20) shows that some parameters are anal-
ogous whereas others conflict. Differences in findings may
be due to the fact that the earlier research failed to take into
consideration factors that may affect salivary antioxidant
status, such as smoking and periodontal health. Moreover,
the connections found by Pizzichini et al between amalgam
scores and S-TAA may have been influenced by the relative-
ly subjective method used to evaluate amalgam scores and
the differences in methodology between the two studies.

In recent years, antioxidant defense systems have been
shown to play an important role in human health. Similar-
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ly, amalgam fillings, which are frequently used in treating
posterior teeth, have been shown by many studies, includ-
ing the present study, to have an effect on salivary mercu-
ry levels. Future studies are needed to examine the role of
mercury found in amalgam fillings in the production of free
radicals in saliva and the effects of mercury from amalgam
fillings on total antioxidant activity and on specific enzymes
and molecules such as uric acid, peroxidase and SOD.

CONCLUSIONS

- Salivary mercury levels among individuals with amalgam
restorations are significantly higher than among individu-
als without amalgam restorations.

- In individuals with amalgam fillings, there is a significant
relationship between salivary mercury levels and both the
number of fillings and the occlusal surface area of amal-
gams; however, there is no statistically significant relation-
ship between salivary mercury levels and the number of
amalgam surfaces or total amalgam surface area.

- Salivary Total Antioxidant Activity is higher among indi-
viduals with amalgam restorations than among those with-
out amalgam restorations; however, the difference between
the two groups is not statistically significant.

- There is a significant, positive correlation between sali-
vary mercury levels and salivary Total Antioxidant Activity.
- A positive but statistically insignificant correlation exists
between salivary Total Antioxidant Activity and number of
amalgam restorations, number of amalgam surfaces, total
amalgam surface area and amalgam occlusal surface area.
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