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Identification of induced mutagenesis by method of accounting
of chromosomal aberrations at the workers of chrysotile asbestos production
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Makanana Xpu30THI-acOecT OHIIpICIHAET1 )KYMBICIIBUIAP/IBIH IIUTOT€HETHKANBIK 3epTTeyi OepinreH. Herisri
LEXTaFbl JKYMBICHIBIIAP/IBIH ITepU(EpHsUTBIK KaHBIHIAFBI XPOMOCOM/IBI abepparysuiap eCeNTelil, XpOMOCOM-
IbIK abeppauusiap JSHreHiHiH IQJISNICHICH TYPAE apTKaHbl aHBIKTAIbl. XPOCOMANAP/ABbIH KYPBUIBIMIBIK
Oy3BUTYBI XPOCOM/IBIK KOHE XPOMATUATIK TYpiHaeri abeppanusiMeH KOPCETiIreH, Oyl XUMHSBIK MyTareHes-
IiH OpBIH anfaHblH aanenpeiinl. MHAyKuusaHFaH MyTareHe3[IiH JKOFapFbl KOPCETKillisXpH30THiI-acoect
0aiibITy LEXBIHBIH JKYMBICKEpIIEpiHIe KoHE 25 KbUITaH actaM eHOeK oTiliMi_Oap KicuiepAe aHBIKTa[bl.
Tepudepusnblk KaH JUMGOLUTTEPIHAETT XPOMOCOMIBIK abeppalsicsl Oap Jkacylianap caHbl OakbuIay
TOOBIMEH CaJbICTHIPFaH A HeTi3Ti TonTa 2,4 peT ece apTHIK eKeHi TipKeIi.

B crarbe mpuBeneHB! JaHHBIE UTOTCHETHYECKOTO HCCIICIOBAaHMS pabounmX XPHU30THI-acOECTOBOTO IIPOM3-
BojcTBa. [IpoBeneH yueT XpoMOCOMHBIX abepparmii B mepudepriaeckoil KpoBH pabodrX OCHOBHEIX LIEXOB,
TJie BBIBJICHO JIOCTOBEPHOE YBEIMYEHHE YPOBHSA XPOMOCOMHBIX adeppauuii. IIpu 3ToM CTpyKTypHbIE Hapy-
IIEHU XPOMOCOM OBLIM IIpe/CTaBiIeHbI abeppalisiMi XPOMOCOMHOTO M XPOMATHIHOTO THIIOB, YTO MOXET
CBU/ICTENILCTBOBATH B MOJIb3y XUMUUYECKOTO MyTareHe3a. ABTOpaMy, yCTaHOBJIECHO, YTO 00Jiee BEICOKHE TOKa-
3aTeny MHAYLUUPOBAHHOTO MyTareHe3a HaOMIOAaIHUCh y pabodux Ilexa oOorameHus Xpu3oTui-acOecta U 'y
JIMI] CO cTaxkeM paboThl Goxee 25 iet. YacToTa KIETOK ¢ XpOMOCOMHBIMH abeppanisiMi B THIMQOIUTaxX Ie-
pueprueckoi KpOBU OCHOBHOI IPYIIIBI JOCTOBEPHO NPEBBIIAIa KOHTPOJILHBIE OKa3aTeln B 2,4 pasa.

Actuality. To date, assessment of the effects of the mutagen-induced production factors and the effects
of environmental factors is carried out by detecting chromosomal damage by analysis of chromosomal aber-
rations and sister chromatid exchanges in peripheral blood lymphocytes. To evaluate the mutational event is
necessary to use method of accounting for chromosomal aberrations, which is a highly sensitive methods of
biological indication of human exposure to mutagens and production of environmental factors. In the mole-
cules of DNA genetic information is encoded, mutagenic, acting on the cell, leading to breaks and rear-
rangements of chromosome structure [ 1]. In the formation of chromosomal aberrations important stage of the
mitotic cell cycle, which occurred at the time of the impact of the mutagen.

Damage to the genetic apparatus of cells forms the basis of violations of biological reactions. According
to N.P.Bochkov and A.N:Chebotarev, chromosomal aberrations are an early indicator of adverse effects on
the body before they will develop pathological processes. In some countries, accounting cytogenetic analysis
of chromosomal aberrations is used as a control method of mutagens and raises the question of restricting
professionals on genetic grounds. As a result of works by American authors found that the mutagenic effects
at low doses is important in assessing the carcinogenicity of substances has been investigated with 134 sub-
stances listed in the National Toxicology Program USA [2-5]. Studies on the structural variation of chromo-
somes in lymphocytes, provides an opportunity not only quantitative, but also qualitative account the need
for objectivity’and accuracy of test results. Studies of the spontaneous level of chromosomal aberrations in
human peripheral blood lymphocytes in the last 30 years have shown that the level of chromosomal aberra-
tions.increased by 1.5-2 times to the present time, 1.56-2.78 % [5, 6].

A team of researchers found mutagenic activity of heavy metal salts, which contacted the workers of
cobalt and tungsten in the production of plants at steel mills, manifested a significant increase in the level of
chromosomal aberrations in lymphocytes of the workers at these plants compared with the control group by
2.5-3 times [7].

According to some authors, the workers of lead refineries traced the growth of disease, based on con-
siderable importance is the accumulation of adverse genetic load. The frequency of chromosomal aberrations
in workers of lead production exceeds spontaneous level [8], other researchers have noted that the metal ions
possess mutagenic activity due to destruction or binding of natural antimutagens cells [9].
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At the present time particularly relevant in the diagnosis of prenosological is to study the role of indi-
vidual human sensitivity to adverse environmental factors. Polymorphism of enzymes responsible for metab-
olism of mutagens, determines the ability of an organism to mutations [10—12].

Thus, all of the above confirms that the study of the chemical nature of mutagens, scientists are paying
great attention, which confirms the need to further examine the state of the genetic status of persons em-
ployed in manufacturing. Analysis of the literature has shown promising use of micronucleus test and the
method of accounting for chromosomal aberrations in peripheral blood lymphocytes to detect cytogenetic
damage from exposure to factors of production.

The aim of investigation: to study the cytogenetic status of the workers of chrysotile asbestos produc-
tion by method of accounting of chromosomal aberrations in peripheral blood.

Materials and methods. A retrospective cohort study of workers of main shops of JSC «Kostanai min-
erals is carried out.» In order to study the cytogenetic status of the accounting method of chromosomal aber-
rations in peripheral blood of 50 men studied male, working on chrysotile asbestos production: 20 out of the
shop enrichment (SE) and 15 of the ore preparation plant (OPP) and mining-transport workshop (MTW). In
the SE (group 1) — the average age was examined 47,8 + 1,3 years, the average length — 27,4 + 0,82 years.
In group 2 (OPP) — the average age of workers was 48,2 = 1,05 years, the average length of service —
23,2 £ 0,65 years. In group 3 (MTW) — the average age of surveyed — 45,1 + 0,93 years, average length —
25,0 £ 0,06 years. The control group consisted of 12 male workers in non-manufacturing sector, whose aver-
age age was 42,8 £ 2,01 years, the average length of service — 24,8 + 0,96 years (Table 1).

Table 1
Number of persons examined for chromosomal aberrations account for the group,
depending on length of service
Main groups Experience 15-25 years Experience 25-35 years
Subdivisions Number of persons Subdivisions Number of persons

SE 1 5 2 15
OPP 3 10 4 5
MTW 5 9 6 6
Control 7 6 8 6

Each of the surveyed groups was divided into two subgroups depending on the length from 15 to 25
years and 25 to 35 years and above. All'respondents at the time of blood sampling did not take chemotherapy
and hormone therapy, and were not subjected to X-ray examination the past 3 months.

Statistical analysis was carried out with material of PP «STATISTICA 5.5», with the calculation of av-
erage performance (M £+ m), t — the Student for comparisons between groups.

To account for the frequency and types of chromosome aberrations in human peripheral blood lympho-
cytes using a modified method of cultivation of peripheral blood lymphocytes of Hungerford DA et al. [13].
Consideration of chromosomal aberrations was performed using a microscope «NiKon Eclips 400» (Japan,
2005) and the system of karyotypes LUCIA Cytogenetics KARYO. Criteria for selection of metaphases cor-
responded to the generally accepted guidelines (N.P.Bochkov, 1989) [1]. From each individual were ana-
lyzed in 200 metaphases. All the results of cytogenetic analysis of the aberrations introduced into the uni-
form modeled on protocols approved by the Local Ethics Committee (Protocol Ne 4 of 16.05.2008)

Results'and discussion. The results of cytogenetic studies by taking into account the status of chromo-
some aberrations (Table 2) demonstrated in peripheral blood lymphocytes of workers of major groups of
chrysotile asbestos production significantly increased frequency of chromosome aberrations by 2.4 times
(2,87 £ 0,16 %) compared with those of the individuals the control group (1,16 + 0,21 %).

At the same time structural changes of chromosomes in the study group presented chromosome aberra-
tions and chromatid types (Fig. 1).

The frequency of chromosome type aberrations in the exposed group was 1,19 & 0,10 %, chromatid —
1,68 = 0,12 %. In the control group, respectively — 0,58 + 0,15 % and 0,58 £ 0,15 %, the difference is relia-
ble indicators at p <0.01. Aberrations of chromosome type were 41.5 % of the total chromosomal abnormali-
ties in the major groups and, respectively, 58.5 % were chromatid-type. This ratio of types of chromosomal
aberrations speaks in favor of chemical mutagenesis [5—-7].

When analyzing the frequency and types of chromosomal aberrations in the examined individuals, de-
pending on the place of work (shop) and work experience revealed that the highest level of chromosomal
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aberrations was observed in the second group of plant concentration and it reached 4,26 + 0,36 %, which
compared with the control group is 3.4 times higher (p <0.01) (Fig. 2).

Table 2
The frequency and types of chromosomal aberrations (CA) in patients and control group (M =+ m)

Total Frequency ChA (types
Groups metaphases Total ChA chromosomalq s o clzromatid
abs. abs. M=£m abs. M=£m abs. M=£m
Main 10000 287 2,87+0,16* 119 1,19+0,10%* 168 1,68+0,12%
Control 2400 28 1,16+0,21 14 0,58+0,15 14 0,58+0,15

Note. * — reliability of differences compared with the control group, p <0.01.

Fig. 1. The chromatid gap and pair fragment («), the strand exchange (), chromosome exchanges in pe-
ripheral blood lymphocytes of chrysotile-asbestos worker production. The increase 1,25x100
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Fig. 2. The level of chromosomal aberrations in workers with experience of 25-35 years and above, %

This group belonged to a group of people with experience of 25-35 years and above. Considering the
group in a given period of probation may be noted as an increased level of chromosomal aberrations induced in
the shop ore preparation (group 4) but not in such large numbers as in the enrichment of the shop —
2,40 £ 0,48 %, which exceeded the benchmark by 1.9 times (p < 0.05). In the mining-transport workshop
marked the lowest level of chromosomal aberrations compared with the previous two major groups — the SE
and OPP. This figure was established at the level of 2,0 + 0,40 %, which exceeds the reference level of 1.6.
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Considering the frequency of chromosomal aberrations in the groups surveyed, those with experience of
15-25 years, it may be noted that the highest level observed in the SE (Group 1) — 2,9 + 0,53 %, that com-
pared with the control group higher in the 2 6-fold (p <0.01).

The shop ore dressing (group 3), this figure was established at the level of 2,25 + 0,33 %, which is also
higher than the control level in 2-fold (p <0.05). In the fifth group — the MTW, the level of chromosomal
aberrations is 2,05 £ 1,33 %, which is also higher than the value of the control group in the probation period
by 1.9 times (Fig. 3).
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Fig. 3. The level of chromosomal aberrations in workers with experience of 15-25 years,%

Analyzing the types of chromosomal aberrations may be noted that the failure of the chromosomes are
of two types: chromosome and chromatid. Breakage of the chromosome type are paired fragments and dis-
continuities of the centromere, chromatid-type — deletions, fragments and single chromatid breaks. Paired
fragments in the main groups were 33.1 % (95 cases) of the total chromosome type aberrations, and the re-
maining 8.4 % (24 cases) belonged to the rupture of the centromere. In the control group chromosome type
breakage are also paired fragments (9 cases), which accounted for 32.1 % of the total number of chromoso-
mal aberrations in the control group and the discontinuities of the centromere — 5 cases (17.8 %).

Chromatid type aberrations in the main groups were as follows: deletion of 11.9 % (20 cases), single
pieces — 21.4 % (36 cases) and chromatid breaks — 56.5 % (112 cases), breaks — 9 cases (32.1 %). In the
control group are broken chromatidstype abetrations and similar types were as follows: deletion (1 case) —
3.6 %, single pieces — 4 cases (14.3 %).

Thus, the results of the studies showed that elevated levels of chromosomal aberrations in enriching
chrysotile asbestos ore, have been observed among workers in the shop and the enrichment of the persons
working in the shop of ere dressing. With higher rates are found among workers with experience of more
than 25 years. In the mining-transport workshop performance level of chromosomal aberrations in workers
slightly higher than in the control and almost fit into the framework of spontaneous mutagenesis. When
comparing the trained groups of plant indicators of the frequency and types of chromosomal aberrations did
not differ.

Conclusions. A significant increase in chromosomal aberrations in individuals working in the chryso-
tile-asbestos industry, while structural changes of chromosomes were represented by chromatid aberrations
and chromosome types, which may testify in favor of chemical mutagenesis.

Higher rates were observed in induced mutagenesis operating enrichment plant of chrysotile asbestos
and in those with experience of over 25 years.

The results of cytogenetic studies have shown that the frequency of cells with chromosome aberrations
in peripheral blood lymphocytes of the main group significantly exceeded targets by 2.4 times.

Aberrations of chromosome type constitute 41.5 % of the total number of chromosomal breakage in the
main group and 58.5 %, respectively, constitute the failure of chromatid type.

Elevated levels of chromosomal aberrations in the production and enrichment of chrysotile asbestos ore
occur in working in the shop enrichment. With higher rates are found among workers who have been work-
ing for over 25 years. Individuals working in the shop ore preparation also noted increased levels of chromo-
somal aberrations compared with the control group, and there is a direct relationship with the experience of
work: higher rates (2.9 %) were detected at a higher work experience (over 25 years).
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On decreasing the carcinogenic activity of calcified chrysotile fibers
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XPpHU30THIL TAIIIBIFBIH Mg MOPTIaHIIEMEHTMEH OHJIEreH Kes3le jkapbiM-xapTeuiail Ca aifHanma GacraraH.
OchmHBIH HOTIKeciHAe osap kenm Kabarrel moprimangut Ca(OH), sxaObpurraH, COHBIMEH Oipre KBIIIKBLI-
JbUIBIF bl OCJICEHII OPTAJIBIK MeJILIEpi MEH OMOJIOTHsIbIK OeceHAiniri e3repai (MyTareHIUIr sKoiblIFaH,
Makpodarrapmen orrerinid OenceHai GopManapblHbIH TYBIHAAYBl aHAFYPJIbIM TOMEH MAaKCHUMYMMEH JKOHE
HATUBTI XPU30THIMEH CaJbICTHIPFaHIa aHAFYPIIBIM Y3aK (OHFa e OOIIABI).

B cratbe paccCMOTPEHBI Pe3yibTaThl MCCICIOBAHHM, KOrAa mpH OOpaGoTKe MOPTIAHALEMEHTOM BOJOKOH
xpusoTiwia Mg gactudHo 3amensuicst Ha Ca, B pe3ysibTare 4ero OHH IMOKPBITHI MOHOCIOEM IMOPTIAaHAMTA
Ca(OH),. IIpu 3TOM MEHSUINCH KHCIOTHAs CHJIa, KOJMYECTBO aKTHBHBIX LIGHTPOB M OMOJIOrMYECKasi aKTHB-
HOCTb (OTCYTCTBOBaJla MYTareHHOCTb, I'€HEpalys aKTUBHBIX GOpM KHCIOpoaa Makpodaramu XapakTepu3o-
Basiach OoJiee HU3KMM MAaKCHMyMOM U 0oJiee JUIMTENIbHBIM JIOCTHKEHHEM (DOHA 10 CPaBHEHHIO C HATUBHBIM
XPHU30THIIOM).

Discovering carcinogenic properties of asbestos in cancer epidemiology and experimental studies re-

sulted in a tough struggle between opponents and supporters of its continued industrial use. In some cases
this struggle (and opposition in the first place) gets farther away from the reality and scientific facts and of-
ten acquires a commercial and political format.
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