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AHHOTAIIUA

JKutenu sxonornuecky HeOIaronpusTHBIX paliOHOB HAXOAATCS O/ BIMSHUEM TEXHOTEHHBIX (hakTOpoB. BpenHble xuMuueckue
BEIIECTBA MMOCTYIAIOT B OPTaHU3M U3 BO3IyXa, IUTHEBON BOJBI, IPOAYKTOB MUTAHUS K OOHAPYKUBAIOTCS B POTOBOH JKUIKOCTH,
TBEPIBIX TKAaHAX 3y0a, 3yOHBIX OTIOKEHHIX, OMONTAaTaX TKAaHEBBIX CTPYKTYpP M CIIOCOOCTBYIOT Pa3BUTHIO KapHeca M BOCHAIH-
TeJNBHBIX 3a0o0neBaHni mapomoHTa. {1 MpodMIaKTHKN OCHOBHBIX CTOMAaTOJIOTHYECKHX 3a00JeBaHUN PUMEHSIOTCS 3yOHbIE
[acThl U ONOJIACKUBATENU. B cocTaBe 3yOHBIX ITACT COACPIKATCS Pa3IMyHble a0pa3uBbl: AUOKCU] KPEMHHUsI, KapOOHAT KaJIbIus,
JUOKCUJ TUTaHa, TUIPOKapOOHAT KaJbLUsl, THAPOKCHANIATUT, KOTOPbIE MOTYT BBICTYIATh B POJIM aJCOPOEHTOB COEAMHEHUH
TSOKEJIBIX METAJIJIOB. BUOMOHUTOPUHT € HCIOJIB30BAHUEM METO/la MAcC-CIHEKTPOMETPUHU C MHIYKTUBHO CBSI3aHHOW IIa3MOM
(UCII-MC) no3BomnsieT onpeaeniaTb MUKPOKOJIHYECTBO METAJUIOB B POTOBOM KuakocTu. VccienoBaHue cpeacTB MHAUBUAY-
QJIEHON TUTHEHBI TI0JIOCTH PTa IMOKa3aJd, 9TO 3yOHBIE ITAaCTHI U OIIOJIaCKUBATEIH, IIPIMEHIEMbIE TTAllHeHTaMH U TPODUITaKTHKH
1 JIeYeHHs BOCTIAJMTEIbHBIX 3a00J€BaHNH MapOAOHTa, UMEIOT aICOPOIMOHHYIO AKTUBHOCTh B OTHOIICHUH HOHOB METAJUIOB.
B craThe mpoBeneHa OlLEHKA aAcOPOIMOHHON 3((EKTUBHOCTH JeueOHO-IPOGUIAKTUYECKON 3yOHOH MacThl OTHOCUTENIBHO
HMOHOB METAJIJIOB (XpoMa, MapraHua, KaJMus, CBUHLA U Ap.) B POTOBOH KHUJIKOCTH Y JKUTEJIEH SKOIOTHUECKU HEOIaronpuaTHBIX
pationos. IIpumeHeHue agcopOounoHHO Y3PPEKTUBHON 3yOHO MacThl, cofepxKaleil OKCUIbl KpEMHHS U TUTaHA, ABAXK/bl B 1CHb
Ha MPOTSDKEHHUHU JIBYX HEAelb MOKa3alio JOCTOBEPHOE CHIDKEHHE KOHIIEHTPAlMH MOHOB MapraHiia, XpoMa, MBIIIbsIKa, CBUHIIA
1 KaJMUS B CMEIIAHHOHN CIIIOHE XXKHUTENel, KOTOphle HaXOAATCS IOJ BIHUSHUEM HEeOIaronpUsATHBIX KOJIOTHYECKHX (aKTOpPOB.
Cospemennsiii Metog MCIT-MC nenecoo06pa3Ho MCIONb30BaTh ISl BRICOKOTOYHOTO MOHHUTOPHUHTa HOHHOTO COCTaBa POTOBOM
KUIAKOCTHU NMALIMEHTOB, IMTPOKUBAIOIIUX B SKOJIOTHYCCKHU HeGJ’IaFO]’[pI/IS{THbIX paﬁOHax.

Knrouesvie cnosa: 3yonas nacma, onoirackueamens 0Jsi NOIOCMU pma, Ad0COPOYUOHHAS IPPHeKMUBHOCMb, MOHUMOPUHS,
OKCUO KpeMHUs
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Abstract

The inhabitants of industrial areas are influenced by anthropogenic factors. Harmful chemicals enter the body from the
air, drinking water, food and are found in the oral fluid, hard tooth tissues, dental deposits, biopsy of tissue structures and
contribute to the development of caries and inflammatory periodontal diseases. Toothpastes and mouthwashes are used for
prevention of major dental diseases. The toothpastes contain a variety of abrasives: silicon dioxide, calcium carbonate, tita-
nium dioxide, calcium bicarbonate, hydroxyapatite, which can act as adsorbents of heavy metal compounds. Biomonitoring
using inductively coupled plasma mass spectrometry (ICP-MS) allows to determine the micro-quantities of metals in blood,
urine, human milk, hair and oral fluid. The study of oral hygiene products showed that toothpastes and mouthwashes, used
by patients for prevention and treatment of inflammatory periodontal diseases, have an adsorption activity for metal ions.
The article evaluates the adsorption efficiency of medical and preventive toothpaste relative to the metal ions (chromium,
manganese, cadmium, lead, etc.) in the oral fluid of the inhabitants of industrial areas. The use of adsorption-effective
toothpaste twice a day for two weeks showed a significant decrease in the concentration of metal ions in the mixed saliva
of the inhabitants which are under the influence of unfavorable environmental factors. When using a toothpaste containing
silicon and titanium oxides, the concentration of manganese, chromium, arsenic, lead and cadmium ions in the oral fluid
decreases within 2 weeks. The modern method of ISP-MS is advisable to use for high-precision monitoring of the oral fluid

ion composition in patients living in the industrial areas.

Keywords: toothpaste, mouthwash, adsorption efficiency, monitoring, silicon oxide

Introduction

The incidence and prevalence of dental diseases, such
as dental caries and inflammatory periodontal disease are
higher in people who are in direct contact with the factors
of the industrial environment [1, 2, 6, 7, 13, 19, 20, 25],
this indicates the need to improve the system of dental
prevention. The inhabitants of industrial cities are also
influenced by anthropogenic environmental factors, such
as air containing heavy metal ions (lead, cadmium, chro-
mium, arsenic, etc.). Harmful chemicals enter the body
from the air, drinking water, food and are found in the
oral fluid (OF), hard tooth tissues, dental deposits, biopsy
of tissue structures and contribute to the development of
caries and inflammatory periodontal diseases [1, 2, 6, 8,
9, 11, 13, 14]. Biomonitoring using inductively coupled
plasma mass spectrometry (ICP-MS) allows to determine
the micro-quantities of metals in blood, urine, human
milk, hair and OF [8—12, 14—18, 21—24]. Monitoring
data are used to adjust nutrition, to develop methods of
treatment and prevention of diseases associated with the
failure of metal-ligand homeostasis [8, 9, 16, 17]. Tooth-
pastes (TP) and mouthwashes are used for prevention of
major dental diseases [3—S5, 7]. The toothpastes contain
a variety of abrasives: silicon dioxide, calcium carbonate,
titanium dioxide, calcium bicarbonate, hydroxyapatite,
which can act as adsorbents of heavy metal compounds

[6, 7]. The problem of choosing the oral hygiene products
is relevant in the presence of heavy metal ions in the OF.

The purpose of research is to determine the effect of
oral hygiene products on the variation in the concentra-
tion of heavy metal ions in the oral fluid in the inhabitants
of industrial cities according to the results of monitoring.

Materials and methods of research

Clinical studies were conducted at the Department of
Therapeutic Dentistry of the Ural State Medial University
and included the analysis of complaints and medical his-
tory, visual examination, index assessment of oral hygiene
(OHI - S, J.R. Green, J.R. Vermillion, 1969), hard tooth
tissues (DMFT), periodontal tissues (PBI, Muhllemann,
Saxer, 1965). The clinical study involved 27 somatically
safe men, inhabitants of the industrialized city, aged 20
to 23 years, who signed a voluntary informed consent to
participate in the study (mean age 21.40+1.59). The OF
sampling was carried out in the morning, in the fasted
state. Patients were trained in the rules of oral care, pro-
vided with medium toothbrushes, TP and mouthwash
which are adsorption-effective against heavy metal
ions [8, 9]; they brushed their teeth twice a day for two
weeks. The laboratory measurements were carried out at
the Institute of Geology and Geochemistry of UB RAS
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(Shared knowledge center «Geoanalyst», supported by
the grant of the President of the Russian Federation for
State support of leading schools of thought in the Rus-
sian Federation NSH-9723.2016.5). Using the method
of ICP-MS according to NSAM Ne480-X, 46 elements
were defined in the composition of the OF: manganese,
arsenic, cadmium, lead, chromium. All laboratory mea-
surements were carried out in the mode of quantitative
analysis with plotting the calibration curves using multi-
element standard solutions Perkin Elmer Instruments,
99.998% argon [8, 9].

Statistical processing of the results was carried out
using the application package MS Excel, Vortex 7.0.
To compare the data, student’s t-test was used; the con-
fidence level was p <0.05 [3—6, 8].

Results

According to the clinical examination, the average
DMFT was 8.83+£2.07. As a result, the use of the sug-
gested oral hygiene products contributed to the improve-
ment of hygiene (reduction of OHI-S level by 52.0+3.5%;
p<0.05) and to the reduction of the degree of inflamma-
tion of periodontal tissues (reduction of PBI index by
58.24+10.1%; p<0.05). As a result of the analysis of the
OF ion composition, the increased value of chromium
content was determined in 18.52% of cases, manganese
in 22.22 % of cases, arsenic in 7.40% of cases, cadmium
in 22.22% of cases, lead in 11.11% of cases. Moreover,
6 persons showed an increased concentration of one
metal, and 1 person had an increased concentration of
two metals, and in 4 persons there was an increased con-
centration of three or four metals.

As a result, all patients significantly decreased the
content of manganese, arsenic, lead and cadmium in the
oral fluid, p<0.05 (table 1).

The monitoring of the OF ion composition in the
industrial areas allows us to personalize the approach
when choosing the oral hygiene products which are
adsorption-efficient relative to heavy metal ions present
in mixed saliva, Reducing the level of contamination of
the OF with heavy metal ions will increase the effective-
ness of prevention and treatment of major dental diseases
(dental caries and inflammatory periodontal diseases),
due to the lack of additional negative effects of ecotoxi-
cants on the organs and tissues of the oral cavity,

Conclusion

1. The modern method of ISP-MS is advisable to
use for high-precision monitoring of the OF ion
composition in patients living in the industrial
areas.

2. When choosing the oral hygiene products for
inhabitants of the industrial areas, a personalized
approach should be used on the basis of the
analysis of the OF ion composition, followed by
monitoring of their effectiveness.

3. When using a toothpaste containing silicon and
titanium oxides, the concentration of manganese,
chromium, arsenic, lead and cadmium ions in the
OF decreases within 2 weeks.

ICP-MS studies are carried out in the UB RAS Geo-
analytic Center for Collective Use and supported by
AAAA-A18-118053090045-8 topic of IGG UB RAS
State Assignment.

The examples of variations in the content of metal ions in the OF before and after fabte !
(2—5 weeks after) the use of adsorption-effective oral hygiene products
Element 1.1 1.2 1.3 1.4 1.5 Element 2.1 2.2 2.3 24
Mn ng/l 125.84 11.99 70.69 | 75.25 10.07 Cd pg/l 4.19 0.3 <0.1 | <0.1
2.1 2.2 2.3 24 33 3.1 3.2
Pb pg/l 32.99 0.68 1.01 <0.2 pg/l 7.81 <0.1 <0.1
3.1 3.2 33 6.1 6.2 6.3 6.4
Mn ng/l 296.46 82.89 53.32 pg/l 1.45 0.31 <0.1 | <0.1
Pb 156.03 4.16 12.12 7.1 7.2 7.3
4.1 4.2 4.3 pg/l <0.1 4.58 2.99
Mn ng/l 281.98 126.44 | 72.6 8.1 8.2 8.3
5.1 5.2 53 ng/l 9.1 221 <0.1
Mn ng/l 45.87 11522 | 57.07 As pg/l 46.7 36.55 5.08
8.1 8.2 8.3
Pb ng/l 240.79 41.42 6.94
9.1 9.2 9.3 9.4
Mn ng/l 280.23 28.87 70.24 | 60.53
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