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INPUMEHEHME IUTOMHOI'O AHAJIM3A BYKKAJIBHOI'O ITMTEJIUA B CUCTEME
TUIT'MEHUYECKOHN OLIEHKH YCJOBUH OBYUEHUS CTYJIEHTOB PA3ZHBIX
PAKYJIBTETOB OJHOI'O BY3A

! ®enepanbHOE TOCYIAPCTBEHHOE OIOMKETHOE yupexaeHne «LIeHTp CTpaTernyeckoro IaHUPOBAHUS U YIIPABICHHST MEANKO-OHOIOTHISCKAMH
pucKaMu 300poBbo» MuHucTepeTBa 3npaBooxpaHenus Poccuiickoit @eneparmu (PI'BY «L{CII» Munznpasa Poccun), 119121, Mocksa;
2Poccuiickasi akaJieMusi HapOIHOTO XO3sICTBA M TOCYIAPCTBEHHOM CIIYKOBI pu nipesuiente Poccuiickoit Menepanuu, 119571, Mocksa;
*PoccHiicKHil XUMHKO-TEXHONIOrHYeCcKuii yHuBepeuteT um. JI.1. Menneneesa, 125047, Mocksa

B cmamve npedcmasnenvl pesynvmamol 6mopo2o Gpacmenma KOMNIEKCHO20 2eHeMUKO-NCUXONI02UYECKO20 00C1ed0-
6aHUsL CMYOeHmo8 Xumuuecko2o (X@) u sxonomuueckoeo (OP@) garkyromemos Poccutickoeo Xumuko-mexnonosuye-
ckoeo ynusepcumema um. [.U. Mendeneesa. JJuzaiin écetl pabomol KAHOUATL AHAIUZ YCILOBULL, COYUO-IKOHOMUUECKUX
ocobeHHoOCmell U Ka4ecmsd HCUusHu, MHO2ONApamempogoe ncuxono2uyeckoe mecmuposanue (177 uenosex) u yumom-
HbIU AHANU3 KAeMOK 3numenusi ciuzucmou obonouxu wexu (146 uenosex). Pesynomamol nepsoco smana ucciedosa-
HUSL ROKA3AIU, YMO HA COCMOSIHUE 300P08bSL U IMOYUOHALHOE COCMOSIHUE 00CIE008AHHbIX CIYOCHMO8 He OKA3bLEAIU
BNUAHUS YUMEHHBLE COYUO-IKOHOMUYECKUE (PAKMOopbl, a Onpedensirouumi OKazaaucs. Ha X@ — npooonxcumenbHocms
edicenedenbHbIX 1a00pamopHuIX pabom u Ha 00OUX (axynvmemax — omHouieHue CmyOeHmos K ceoetl 6yoywet cneyu-
anvrhocmu. ILlenvio oannol nybiukayuu AIAemcs npogepKa cUnomesul 0 83auUMOC8A3U IPpexnos HecmabuibHOCmU
2EHOMA, ONPeOeNEHHbIX YUMOMHBIM AHATUZ0M HA KIEMKax OVKKAIbHO20 3NUmenus, ¢ mexKyujeli IKCnouyuell K Xu-
MUYECKUM COCOUHEHUAM 80 8PeMs pabomuvl 8 XUMUUeckol 1abopamopuy, Hatuyuem 3a001e6anuil, GIuUsHuem coyuo-
9KOHOMUYECKUX (DAKMOPOS U COCMOAHUEM SIMOYUOHATLHOU cghepbl. Hccnedosanue Hocum npuopumemmbulii Xapakmep.
Hoxazano, umo y wnowet, obyuasuwuxcs Ha X®, 00HAPYIHCEHa 3HAUUMO OONbULAsL CYMMAPHAsL YACMOMA KIemoK ¢
MUKPOAOpAmMU U KAemoK ¢ npompysuetl 0pa, yem y woHowel, odyuarowuxca na 9D. Yacmoma Kiemox ¢ NUKHO30M
A0pa, Hanpomus, Ovlia eviute y wHouel ID. Ha oboux ghaxyrememax uacmoma Kiemok ¢ KOHOEHCUPOBAHHBIM XPO-
MamuHom & Adpe y 10Houlell bblia 8vlule, YeM y Oegyulek, Uy 6cex cnyoeHmos Haxo0uiach 8 NpsAMou 3a8UCUMOCHIU
0m NPOOOINCUMETLHOCIU NPEeObbIGAHUS 8 XUMUYecKol aabopamopuu (vac/ned.). Ilokazano, umo yacmoma Kiemox
€ MUKPOSIOpAMU ACCOYUUPOBAHA C IMOYUOHAILHBIM COCMOSIHUCM 00C1e0yeM020, d KIemOK ¢ RUKHO30M 0pd — C €20
06pasom dncusHu (NOOBUICHBLIL UTU CUOSTYULL).

KnioueBble chnoBa: OykkanbHblll dnumenuii, YumoMHbul aHaiu3, 6e30nacHocms Ycio8uil 00yYeHUs, MpPesoHCHOCb,
00pas JHCU3HY, HATUYUE XPOHUYECKUX 30001€8aAHUL.
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BUCCAL MICRONUCLEUS CYTOME ASSAY IN THE SYSTEM OF THE HYGIENIC
EVALUATION OF LEARNING CONDITIONS OF STUDENTS OF DIFFERENT FACULTIES
OF THE SAME UNIVERSITY

!Centre for Strategic Planning and Management of Biomedical Health Risks, Moscow, 119991, Russian Federation;

’The Russian Presidential Academy of National Economy and Public Administration, School of Public Policy, Moscow, 119571,
Russian Federation;

’Dmitry Mendeleev University of Chemical Technology of Russia, Moscow, 125047, Russian Federation

The article presents the results of the second fragment of the complex genetic and psychological examination of 177
students of the chemical (CD) and economic (ED) departments of the Russian D.I. Mendeleev Chemical-Technological
University. The design of the whole work included the analysis of conditions, socio-economic characteristics and the
quality of life, multi-parameter psychological testing (177 students) and the buccal micronucleus cytome assay (146
students). The results of the first stage of the study showed the state of health and emotional state of the students not
to be affected by the socio-economic factors that were taken into account, but the determined ones were: on CD, the
duration of weekly laboratory work and, in both departments, the attitude of students to their future specialization.

The purpose of this publication is to test the hypothesis of the relationship between the status of genome instability
determined by the micronucleus test on buccal epithelium cells, the current exposure to chemical compounds during
the work in the chemical laboratory, the presence of diseases, the influence of socioeconomic factors and the state
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of the emotional sphere. The research is a priority. In young men trained in CD,the total frequency of cells with
micronuclei and cells with nuclear buds was demonstrated to be significantly greater in comparison with young men
studying at EF. In contrast, the frequency of cells with the pyknosis of the nucleus was higher in young men from the
EF. At both departments, the frequency of cells with condensed chromatin in the nucleus in young men was higher than
in girls and was directly related to the practical work time in the chemical laboratory (hour/week). The frequency of
micronucleated cells was shown to be associated with the student s emotional state and the frequency of cells with the
pycnosis of the nucleus was related with the way of life (mobile or sedentary).

Keywords: buccal epithelium; cytome assay, safety of learning conditions, anxiety, life style; chronic diseases.
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[TyOnuKkanyy 1o OleHKe BIMSHUS YCIOBUIT 00ydYeHHs Ha CO-
CTOSIHUE 3I0POBBSI H CTaOMIIBHOCTH T€HOMa CTYJCHTOB €IWHHY-
HBl. B wacTHOCTH, OBIIO yCTAQHOBIEHO MYyTareHHOE JAeiCTBHE
napoB ¢GopMmanbIeruia Ha KiIeTKH OyKKaJIbHOTO SMUTEIHs CTY-
JICHTOB-ME/IMKOB TIPH MPOXOKJICHUH UMHU LIUKJIA U3 HECKOIBKHX
3aHATHH B aHaTOMU4Yeckux kiaccax [1, 2]. Cexenuii o reHeru-
4ecKOH 0e30ITaCHOCTH IKCIIO3HINH CTYJCHTOB XHMHUYECKHX (ha-
KYJIBTETOB K XUMUYECKUM COSTMHEHHSIM MPH BBITTOITHEHNH J1a00-
PaToOpHBIX PAadOT B IUTEpaType HANTH HE YAAIOCH.

Hacrosimas myOnukarus npeacTaBisieT pe3yibTaTbl BTOPOro
(parMeHTa KOMIUIEKCHOTO F€HETHKO-IICHXOJIOIHYeCKOro oocie-
noBaHus ctysieHToB XD n 3P Poccuiickoro XMMUKO-TEXHOJIOTH-
yeckoro yuusepcutera um. J[.M. Menneneera. JluzaiiH paboThl
BKJIIOYAJ aHAIN3 YCIIOBHH, COIMO-DKOHOMHYECKHX OCOOEHHO-
CTeH 1 KauecTBa )KU3HU, MHOTOIIAPaMETPOBOE IICUXOJIOIHYECKOE
TecTHpoBaHue (Bcero 177 uenoBeK) M LIMTOMHBINA aHAIM3 Kile-
TOK SIUTENUsl CIM3UCTON oOosnouku mieku (146 uenmosek). Ha
[IEpPBOM 3Tare padoThl IOKAa3aHO, YTO HA COCTOSHUE 3/10POBbS U
SMOIMOHAJILHOE COCTOSIHUE OOCIJI€ZIOBAHHBIX CTYJCHTOB YYTEH-
HBIE COLMO-YKOHOMHUYECKHE (HAKTOPBI (OXOI, SKOHOMHYECKHUH
IUIaH 0Oy4eHHs, YCIOBUS MPOKUBAHMS, KypeHHe U yHnoTpeOie-
HME QJIKOTOJISI U TIP.) BIMSHUS HE OKasblBanu. OnpenensomuMu
B 9TOM CMBICJI€ OKA3aJIUCh MPOJOKUTEILHOCTD €XKEHEAEIbHBIX
n1ab0paTOPHBIX pabOT HAa XUMHUYECKOM (DaKyJIbTeTe U OTHOIICHUE
CTYJICHTOB K CBOEH Oyy1iei criennajibHOCTH.

B nmanHO# craree mpencTaBiIeHbl PE3yNbTaThl LIUTOMHOTO
aHaJIM3a KJIETOK OSIHUTENUs IIEKH OOCIIENOBAHHBIX CTYHEHTOB,
IPOBEJICHHOTO C IIETbI0 MPOBEPKU THUIIOTE3bl O B3aUMOCBS3H
3¢ dexToB HecTaOMILHOCTU FeHOMa ¢ dKcIo3umueil k pakropam
XUMUYecKol jaboparopuu, HamuuueMm 3a00JeBaHUi, BIMSIHUEM
COIIO-9KOHOMUYECKIX (DAaKTOPOB M COCTOSTHHEM SMOLMOHAIB-
HOM cdephl.

MarepuaJi 1 MeTOABI

OO0cnenoBanu MPakTUYECKU 3JI0POBBIX CTYIEHTOB 000€ro
nona, oOyvaromuxcs Ha 2 — 4 kypcax X® u 9P Poccuiickoro
XHMHKO-TEXHOJIOTHYeCKoro yHuBepcutera uM. J[.J1. Mennenee-
Ba (MockBa). YueOHble noMelieHus (paKyIbTEeTOB HAXOIATCS Ha
o011el TePPUTOPUH, TAK HKE KaK U OOIICKUTHSI.

O06cnenoBanye MPOBOAUIN AHOHUMHO B KOHIIE OKTSOPSI — Ha-
yasne Hosi0ps 2015 1., mosnarasi, 4To B 3TOT MEPHOJ] YMOIHOHAIb-
HOE BO3JEHCTBUE MPOLICANINX KAaHUKYI U HOpeJCcTosIell ceccuu
JIOJDKHBI OBITh MHUHUMANBHBIMA. [Ipu BEIOOpE CPOKOB MpOBEjIe-
HUST 0OCNeIOBaHUS YYUTHIBAIH OTHOCHTENBLHO HEBBICOKHH Ce-
30HHBIH YPOBEHb aBUTAMHUHO3a M OTCYTCTBHE CE30HHBIX BCIIbI-
IeK BUPYCHBIX HH(peKIui B ropone. OOcnenoBaHne MPOBOAUIN
B COOTBETCTBUU C NPHUHIMIIAMU XEJIbCUHKCKON JIeKIapaluu 0o
STUYECKUX INPUHIUIIAX MEIUIMHCKUX HCCICIOBaHUH, yTBEPXK-
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Publications on the evaluation of the impact of training condi-
tions on the health status and stability of the student genome are
sporadic. In particular, the mutagenic effect of formaldehyde va-
pors on the cells of the buccal epithelium of medical students was
proven when they passed a cycle of several lessons in anatomical
classes [1, 2]. Information on the effects of exposure of chemical
faculties students to compounds presented in the air during the
performance of a laboratory practical work was not found in the
literature.

This publication presents the results of the second fragment
of the complex genetic and psychological examination of the
chemical and economic faculties students of the Dmitry Men-
deleev University of Chemical Technology of Russia.The design
of the work included the analysis of conditions, socio-economic
features and quality of life, multi-parameter psychological test-
ing (total 177 persons) and a cytome assay of epithelial cells of
the mucous membrane of the cheek (146 persons). At the first
stage of the work, it was shown that the socio-economic factors
(income, economic plan of study, living conditions, smoking and
alcohol consumption, etc.) did not influence the state of health
and emotional state of the students surveyed. Determining in this
sense were the duration of weekly laboratory work at the chemi-
cal faculty and the attitude of students towards their future spe-
cialty.

This paper presents the results of a cytome assay of the cheek
epithelium cells of the students surveyed to test the hypothesis of
the influence of exposure to various factors of the chemical labo-
ratory on the manifestation of effects of genome instability, the
state of the emotional sphere and the presence of diseases, taking
into account socio-economic characteristics and lifestyle.

Materials and methods

In the course of our research, practically healthy students
of 2-4 years of chemical (CF) and economic (EF) faculties of
Dmitry Mendeleev University of Chemical Technology of Russia
(Moscow) of both sexes have been examined. The teaching prem-
ises of the faculties are located on a common territory, as well as
the university residences.

The survey was conducted anonymously in late October
and early November 2015, believing that during this period the
emotional impact of the past holidays and the forthcoming ses-
sion should be minimal. When choosing the timing of the sur-
vey, a relatively low seasonal level of vitamin deficiency and
the absence of seasonal outbreaks of viral infections in the city
were taken into account. The survey was carried out in accor-
dance with the norms of professional ethics, observing the prin-
ciple of confidentiality of the information received, the human
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JICHHOM BcemMMpHON MenuIMHCKOM accouuanueil, ¥ HopMaMu
npo)eCCUOHANIBHOM ATUKU: C COOJIOJCHHEM IPHUHIMIA KOH-
(UICHINATEHOCTH IONTyYaeMOH HH(pOpManuy, obecrnedeHneM
IpaBa YeJIoBeKa OTKAa3aThCs OT y4acThs B OOCIEIOBAHUM™; HH-
(opMHUPOBaHHEM HCIIBITYEMOTO 00 UCIIONB30BAHUH TTOTyYaeMON
uHpopMmaru. Kax/Iplii HCTIBITYEMBbIid, OTBEYABIINI Ha BOTIPOCHI
TecTa, MOANUCaI HHPOPMUPOBAHHOE COIIACHE Ha y4acTHe B 00-
CJICIOBAaHUU.

AHKETHPOBaHUE JJIS U3yUYEHUs] COLUO-IKOHOMUUECKUX OCO-
OeHHOCTel! KI3HU 00CIEIOBaHHBIX CTYICHTOB IIPOBOMIHU C HC-
TIONT30BAHMEM CIICIHATBGHO Pa3pabOTaHHONW KapTHI-HHTEPBBIO
U TICUXONIOTUYECKOT0 TECTUPOBAHUS C HCIIONB30BaHHEM OIOKa
CTaH/APTHBIX IICUXOJIOTHYECKUX ONPOCHHUKOB. COCKOO KIIETOK
CJIM3UCTOM 000JIOUKH POTOBOM 1MOJIOCTH (OYKKAIBHOTO SMTUTEIHS,
HEMHBA3UBHO) OTOUpAIU y BCEX CTYyAEHTOB, JABLIMX Ha 3TO CO-
acue, TOIBKO TIOCNIe TOT0, KaK OHHM OTBETHIIM Ha BOIIPOCHI Kap-
THI-MHTEPBEIO 1 OJI0KA TICHXOTOTHIECKIX TECTOB.

Cocko0 CTepUIBHBIMU OJHOPA30BBIMH JICPEBSIHHBIMH IIITIa-
TENISIMU OTOMPAl BBICOKOKBAIU(DUIIMPOBAHHBIN IIEPCOHAI MOCTIE
TOr0, KaK CTYJEHTbI IPOIOJIACKUBAIN POT BOAOIPOBOAHOMN BOJIOH.
CoznepxkuMoe cocko0a NMEePEeHOCHIN B KaIlIl0 BOJbL Ha IpeIMET-
HOM CTEKJIe, IepEMEIINBAIN U PACTIPEEIIIIN 110 CTeKITy. Ma3ku
BBICYIIIMBAIIM Ha BO3AyXe, (PMKCHPOBAIIM B CIHPTOBO-YKCYCHOM
cmecu 3:1 B Teuenue 10 MUH., OKpalINBaIX alleTOOPCEUHOM H 3€-
JIEHBIM CBETJIBIM. MHUKpPOCKONIMYECKUH aHaIU3 MIPEJBAPUTEILHO
3amn(pPOBAaHHBIX [IPENapaToOB MPOBOJUIN B IIPOXOSIIEM CBETE
¢ nomolsio Mukpockona Olympus CX-31 npu yBenudenuu 10 x
100 ¢ macnsHOM UMMepcuelt cormacHo MexmyHapomHoMy |3, 4]
W MIPUHATOMY B Jlaboparopuu npotokony [5] (puc. 1, cMm. Ha 3-it
CTp. OOJIOKKN).

B kaxznom oOpasie npocmarpusaiu 1000 otnensHO jexa-
IIUX MUTENTUOLUUTOB C POBHBIM IIIJIKUM KpaeM spa. Y UUThbIBa-
au: 1) KIETKH ¢ MPOSIBIECHUAMYU LUTOI€HETHUECKUX HapyLIEeHUH
(MHKPOSIAPO WK TIPOTPY3US sApa); 2) KISTKH C M3MEHEHUSIMU,
XapaKTepPH3yIOMIMH OOHOBICHHE SMUTENHA (KICTKH C YHCIOM
anep 6onee oxHOTO, Ga3anbHbIE KIETKH, KIETKH C THTAHTCKUM
A1poM); 3) KIETKH ¢ NpHU3HaKaMu Hekposa (MepuHyKieapHas
Bakyouis). ITapamiensHo ¢ 3Tum ananusoM csepx 1000 kietok ¢
POBHBIM IIAJKUM KpaeM spa IOACUMTBHIBAIU BCTPEUAOIIUECS
Ha TperapaTe OTACNBHO JIeKane KISTKHA ¢ TaKIMH IpH3HAKa-
MH HEKpO03a/arornTo3a, KOTOPhIe AENAf0T UX HENPHTOTHBIMHA IS
BBISIBIICHUS MHKPOsAAEp (IMMKHO3 sA7Apa, KapUOPeKCHC, KOHICHCHU-
pPOBaHHBII XPOMAaTHH B SIIpE€ U COIYTCTBYIOIUI €My 4aCTUUHBIN
KapUOJIU3HC, HAIMYUE B LIUTOIIa3ME NONIOMIEHHOTO allONTO3HO-
TO TEIbIA).

CraTucTH4eckuil aHalIu3 TPOBOJMIN C IPUMEHEHHEM CTaH-
JApTHOTO TTakeTa mporpamm Statistica 10.2 Statsoft. Paznuuus mo
COCTaBYy TPYTII CTYAEHTOB OICHHBAIH IO JBYCTOPOHHEMY KpH-
TCPHUIO COOTBETCTBUSA Xz, pasjinius 1o pesyiapraTaMm IHUTOMHOI'O
aHaimu3a — no U-kpureputo Manna — Yuruu. KoppensaiuoHHsli
aHaJIM3 IPOBOAMWIU C MCIOJIb30BAHUEM PAHIOBOIO KPUTEPUS
Crmpmena.

Pe3yabTarbl

XapakTepuCTHKa TPYII CTYJCHTOB, Y KOTOPBIX OBLIH B3SITHI
Ma3K1 OyKKaJbHBIX KIIETOK, JaHa B Ta0in. 1. Kak BHIHO, rpymmsl
CTY/ICHTOB, 0Oy4aBIIUXCS HA pa3HbIX (HaKyIbTeTax, pa3inyaiich
110 OCHOBHOMY HCCIIeqyeMOMY (hakTopy: MpPOZOIDKUTEIBHOCTH
npeObIBaHKS B XUMHUECKOH J1Ta00paTopuH, O BO3PACTYy.

OCHOBHBIE Pe3yNIbTaThl IUTOMHOTO aHAIM3a SIIUTEIHS CITU3H-
CTOM 000JIOUKH IIIEKH CTYACHTOB NpecTaBiIeHbl B Taou. 2. Pa3nu-
4qus MKy (paKyJIpTeTaMu 10 YPOBHIO HECTAOMIIBHOCTH I'eHOMa
OBLIN OTMEUCHBI TOJIBKO CPEJIH FOHOMICH M TOJIBKO IT0 CyMMapHOH
4acTOTe KJIETOK C IUTOT€HETUYECKIMH TTOBPESKACHUAME. Y CTY-
JneHToB XM 3HaYCHHE ATOTO MOKaszaTess ObLIO MPUMEPHO BIBOC
Bhiie. [To Mapkepam Tokcrueckoro 3 exra pazindaiuch TaKKe
TOJIBKO FOHOIIN: YaCTOTa KJICTOK C MMKHO30M si/ipa ObUIa BBILIC Yy

* B rpynne X® ot o0cnen0BaHus OTKa3aInuCh TPOE, B TPYIIIE CTYACHTOB
O® oT TeCTHPOBAHUS HE OTKA3aJICs HH OIUH CTYJCHT.
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right to know about the use of the survey results and to refuse
the examination. Questioning to study the socio-economic char-
acteristics of life of the students surveyed was conducted using
a specially designed card-interview. For psychological testing,
a block of standard psychological inquirers — questionnaires-
was formed based on the results of previous studies. Scraping
of the oral mucosa cells (buccal epithelium, non-invasive) was
selected from all students who gave their consent, only after
they answered questions of the card-interview and block of psy-
chological tests.

Scraping of cells of the slimming epithelium of the cheek with
sterile disposable wooden spatulas was taken by highly qualified
personnel after students rinsed the mouth with tap water. The con-
tents of the scraping were transferred to a drop of water on a slide,
gently dispersed in this drop, distributed over the glass and dried
in air. The cells were fixed in an alcohol-acetic mixture of 3: 1 for
10 minutes, and then stained with aceto-orcein and green light.
The cytome assay of the pre-encrypted preparations was carried
out in transmitted light using an Olympus CX-31 microscope
with an increase of 10x100 with an oil immersion according to
the international protocol [3, 4] and the protocol adopted in the
laboratory [5], Fig.1.

Each sample was examined by 1000 separately lying epithe-
lial cells with a smooth edge of the nucleus. The following was
considered: 1) cells with manifestations of cytogenetic disorders
(micronucleus, the nucleus protrusion); 2) cells with changes
characterizing the renewal of the epithelium (cells with more
than one nucleus, basal cells, cells with a giant nucleus, and 3)
cells with signs of necrosis (perinuclear vacuole). In parallel with
this analysis, in excess of 1000 cells with a smooth edge of the
nucleus, separately found cells with such signs of necrosis / apop-
tosis, making them unfit for detecting micronuclei (core pycnosis,
karyorexis, condensed chromatin in the nucleus and concomitant
partial cariolysis, in the cytoplasm of absorbed apoptotic bodies)
were counted.

The statistical analysis was carried out using the standard
software package Statistica 10.2 Statsoft. The differences in the
composition of groups of students were assessed by a two-sided
criterion of the y* correspondence, the differences in the results
of the cytome assay were assessed according to the U-criterion
of Mann-Whitney. Correlation analysis was carried out using the
Spearman rank test.

Results

The characteristics of the students’ groups who were taken
smears of buccal cells are given in Table. 1. As can be seen,
the students’groups who studied at different faculties differed in
their main research factor-the length of their stay in the chemi-
cal laboratory, as well as the number of students trained in each
course.

The main results of the cytome assay of the epithelium of
the mucous membrane of the cheek are presented in Table. 2.
As can be seen, the differences between the faculties in terms
of the level of genome instability were noted only among young
men and only in the total frequency of cells with cytogenetic
lesions - in CF students the value of this indicator was approxi-
mately twice as high. By the markers of toxic effect, only the
young men differed: the frequency of cells with pycnosis of the
nucleus was higher among the students of EF. Within the facul-
ties, gender differences were noted: on the CF, the frequency
of cells with a micronucleus, the total frequency of cells with
genetic damage, and the frequency of cells with karyorhexis
among young men was higher than that of girls; at the same
time, young men from EF most often had cells with a pycnosis
of the nucleus. In both faculties the frequency of cells with con-
densed chromatin in the nucleus was higher among the young
men than that of girls.

To clarify the possible role of students’ living conditions and
their emotional state in the formation of the observed differ-
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Tabauna 1 Table 1
XapakTepucTuka 00c/1e10BAHHBIX TPYIII CTY1€HTOB Characteristics of the students surveyed groups
DKOHOMH- DT — Index ‘ Index ‘ Index ‘ Index P
Tokazarens YeCKHUiH CraTncTHka p
dakysbreT taxynsrer students surveyed 63 95

CrynenTos, n: 63 95 number of young men 21 26 ¥ =0,645 >0,05

fOHOLICH 21 26 r=0645 >0,05 number of young women 42 69

eBYHIE 2 N * 2018 1961  Z=400 <0,0001
Bospacr, roapr* 20,18 19,61 Z=400 <0,0001 age, years (19°22) (18.23) = d

(19-22)  (18-23)
Pabora B xuMuueckoit 0,04 4,28 Z=4,99 0,00000 work in the chemical 0,04 4,28 Z =499 0,00000
nabopatopu, 0-2) (0-11) laboratory, hour / week* (0-2) (0-11)
Hac/nenemo™ reside nce at home / 3125 40/54 $=2,308 >0,05
[poxuBanne 10Ma/B 31/25 40/54 ¥=2308 >0,05 university residence, etc
OOIICKUTHHU H JIP. )
= >

KomiHecTso Kypsi 1 19 £=0159 >0.05 number of smokers 11 19 x=0,159 0,05
ToTpetiieHue aTKkoros: alcohol consumption: 16 19 ¥=1371 >0,05

OTCYTCTBYET 16 19 v¥=1371 >0,05 absent 15 35 ¥=1724 >0,05

HECKOIILKO a3 B 15 35 x=1724 >0,05 several times in half a 11 28 ¢=1877 >0,05

0o/ year

2

pas B Mecsit 1 28 x=1877 >0,05 once a month 13 11 =346 >0,05

pas3 B HeZleTI0 13 11 =346 >0,05 )

EIKEITHEBHO 1 1 £=0139 >0,05 once a week 1 1 ¥=0,139 >0,05

Npumewganne. * — Xcp (MUH. — Maxc.).

crynentoB D®D. B npeznenax ¢axylibTeTOB OTMEUECHBI T'€H/ICPHBIC
paznnunst: Ha XD gacToTa KJIETOK C MUKPOSIPOM, CyMMapHasi 4a-
CTOTa KJIETOK C IUTOTCHETUYECKIMH MOBPEKICHUSIMH, a TaKXKe
4acToTa KJIETOK C KapHOPEKCHCOM y IOHOIIEeH OKa3asiach BBIIIE,
4YeM y JIEBYIIEK; B TO JKe BpeMs y foHomei Ha D® garie BcTpeda-
JIMCh KJIETKH C IMKHO30M S/Ipa U Ha 000MX (aKyybTeTax — KIETKH
C KOHACHCUPOBAHHBIM XpPOMAaTHUHOM B SAJPEC.

JInst BBSICHEHHUSI BO3MOYKHOM POJTH YCIIOBHI HU3HU CTY/CH-
TOB M MX MCHXOJOTHYECKOTO COCTOSHHS B (DOPMUPOBAHUH ITUX
pa3nHYuil MBI OLEHWIN BIUSHUE TeX (HAKTOPOB, KOTOPHIE MPO-
SIBIJIM CTaTHCTHYECKH 3HAYMMBIE KOPPEISIIIMOHHBIE CBS3U C
MI0Ka3aTeNIIMH IMTOMHOTO aHanu3a. Tak, OblTa BBISBICHA Clla-
0ast COnpsLKEHHOCTh MEXKY YPOBHEM TPEBOXKHOCTH CTYIEHTOB
[6] 1 yacTOTON KJIETOK ¢ MHUKPOSAPAMH, CyMMapHOW 4acTOTOH
KIIETOK C IIUTOTCHETHYSCKUMHE MOBPEKICHUSIMH, & TAKIKE YacTO-
TOM KJIeTok ¢ kapuopekcrucom (R coorBercteenno 0,171; 0,175;
0,192, Bezne p < 0,05). BaxxHo, 4T0 Ha 000MX PaKyIbTETaX CPEAU
IOHOIIEH, B OTIIMYHE OT JEeBYLICK, NPeoOnaanu HHANBUILYYMBI
C MOBBIIICHHON TPEBOXKHOCTHIO (TalJ. 3), M Yy HHUX e KJICTKHU C
MUKPOSIAPaMHU BCTPEUAIUCh Yalle, ueM y JAeByliek (tadi. 4). Ha
OCHOBAaHHHU JTHX JaHHBIX MOXXHO TPEINOJIOKHTh, YTO TEHIEP-
HBIE Pa3IHYKs M0 YaCTOTE KIETOK ¢ MHKpOsiIpaMu Ha XD Moriu
OBITH OMOCPENIOBAHBI TUCOATAHCOM TPYIIT IOHOMIEH M JEBYIIEK
10 SMOLMOHATIBHOMY COCTOSTHHMIO.

CyMMapHast 4acTOTa KJICTOK C IIUTOTCHETHYESCKUMH HapyIie-
HUSIMH Y CTY/ICHTOB B COCTOSIHUH TPEBOTH ObLIa BBIIIE, YeM MPH
HOpME BO BCEX MOATPYIIax, HO Pa3Inyusl 3TH CTATUCTHUCCKH He-
3HAYUMBI (CM. Taoi. 4). B TO e BpeMsi IOHOIIN C MOBBIIICHHOM
TpeBOXKHOCTEIO HA DD n XD 3HauMMO pa3nuvasuch Mo ITOMY
II0KA3aTelio.

VY JeBylIeK 4acToTa KJICTOK C KapHOPEKCHCOM He ObLIa CBs-
3aHa C TPEBOXKHOCTBIO (CM. TallI. 4), B TO BpeMsl Kak y IOHOLIEH ¢
MOBBIIICHHOH TPEBOXKHOCTHIO YaCTOTA TAKHX KJIETOK ObLIA BBIIIIE,
4eM TpH HOpPME, XOTS Pa3ndiusi He JOCTHIAJIN CTaTUCTHYECKOH
3HaYMMOCTH. Y UNTHIBasI O0Jiee BHICOKYIO YHUCIIEHHOCTD CTYJICHTOB
Ha X®, a Takke aucOaaHC MEXy FOHOIIAMH U JICBYIIKAMH I10
TPEBOXKHOCTH (CM. TaOIMI. 3), MOXKHO 3aKJIFOYUTh, YTO MCHXOJIOTHU-
YECKOE COCTOSHHE MOIJIO OBITh NMPUYACTHBIM K (HOPMHUPOBAHHUIO
TEHJICPHBIX Pa3IMYHi [0 KAPHOPEKCHCY MMEHHO Ha XD.

Yacrora KJIETOK C MUKHO30M SiApa B DIUTENUH CIU3UCTOM
000JI0YKH IIEKH ObLIa ACCOIMUPOBAHA C TAKUMHU (paKTOpaMu, Kak
XapaKTepPUCTHKA COCTOSHHS 3IO0POBBS, MOJTyYCHHAs! MPU aHKe-
THPOBAHHUH CTYJICHTOB 110 KapTe-UHTEPBBIO, a TAKXKE C 00pa3oM
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Note: * Xav (min-max).

ences, we evaluated the influence of those factors that showed
statistically significant correlation links with the indices of the
cytome analysis. Thus, there was a weak contingency between
the level of students’ anxiety [6] and the frequency of cells with
micronucleus, the total frequency of cells with cytogenetic le-
sions, and the frequency of cells with karyorhexis (R 0.171,
0.175, 0.192, respectively, p <0.05). It is important that in both
faculties, among young men, unlike girls, individuals with in-
creased anxiety* prevailed (Table 3), and they also had cells
with micronucleus more frequently than girls who had the same
emotional state (Table 4).

The frequency of cells with the pyknosis of the nucleus in
the epithelium of the mucous membrane of the cheek was as-
sociated with factors such as the self-assessment of the health
status obtained by questioning students on the card interview,
as well as with the lifestyle (sedentary or mobile), and smok-
ing (R = 0.183, 0.195 and 0.204, respectively, in all cases,
p <0.05). Girls from CF who lead an active lifestyle (pool,
bicycle, fitness, long walking), the frequency of cells with
pycnosis of the nucleus was lower than among girls leading
sedentary lifestyle (Table 5). Among the girls from the EF, the
differences were directed to the same way, but insignificant,
but after the union of the two faculties girls, the significance
level increased (2.11 (1.49 + 2.73) and 3.65 (2.71 +~ 4.59) per
1000 cells, p = 0.001). At the same time, with any method of
forming groups of active and passive youths, the influence of
lifestyle on the frequency of cells with pycnosis of the nucleus
could not be identified.

The smoking effect was not possible to assess separately
in each of the four subgroups because of the small number of
smokers, but this effect was manifested on the whole array of
data — among smoking persons the frequency of pyknotic mi-
cronucleus were significantly higher than those of nonsmokers
(Table 7).

The frequency of cells with condensed chromatin in the

* Most of the students surveyed in terms of severity of anxiety belonged to
categories 1 (norm) and 2 (increased anxiety). By the number of subgroups
of students belonging to these categories, differences were observed only be-
tween the cohorts of boys and girls in CF (p <0.001) (Table 3). In view of
the small number of subgroups of students with high anxiety (category 3 and
above), only data on students with anxiety of levels 1 and 2 were used to as-
sess the relationship between the frequency of cells with injuries and anxiety.
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Tabunuma 2

Pe3yjbTaThl HHTOMHOIO AHAJIM3A YNUTEIHS CIM3UCTON 00010UYKH LIEKU CTY1EHTOB

DO Xep' (95% A1)
roHomm (n = 21) ‘

XD Xep' (95% W)
roHo1M (n = 26) ‘

Knerku ¢ nannoi anomanueii Ha 1000 kiaeTox
C HENPEPBIBHBIM IIAJIKHUM KpaeM siipa, %o

neByku (n = 34) JieBywKH (n = 65)

Knerka ¢ MuKposiipoM 0,33 (0,07+0,60)
0,90 (0,45+1,36)

1,24 (0,78+1,69)

Krnerxka ¢ nporpy3ueit siipa

CyMMapHas 4acToTa KJIETOK ¢ MHKPOSIIPOM

W C IPOTPY3HUEH sapa

Knerka ¢ uncnom saep >1 10,38 (7,40+13,36)
3,71 (2,49+4,94)
0,33 (0,07+0,60)
5,95 (3,83+8,07)
3,05 (0,00+6,39)
0,19 (0,01+0,37)

Krerka ¢ nmukHO30M sijipa 4,57 (2,96+6,18)

bazanpnas kierka

KrneTka ¢ rurantckum siipom

Krnetka ¢ nepuHyKiieapHOH BaKyoOIIbIO

Kiterka ¢ kapuopekcucom

Krerka ¢ aronTo3HsIMH TeTaMH B IIUTOILIA3ME

0,38 (0,14+0,62)
1,71 (0,83+2,58)
2,09 (1,17+3,00)

9,62 (8,12+11,12)
8,14 (4,45+11,84)
0,47 (0,08+0,87)
8,12 (4,56+11,68)
0,24 (0,04+0,43)
0,24 (0,04+0,43)
2,38+ (1,36+3,40)

0,77 (0,42+1,12)
1,46 (0,76+2,17)
2,23% (1,34+3,12)

9,50 (7,80+11,20)
5,69 (3,13+8,25)
0,42 (0,14+0,71)
8,04 (4,79+11,29)
1,54 (0,50+2,58)
0,46 (0,15+0,77)
2,96* (1,35+4,57)

0,25+ (0,14+0,35)
1,05 (0,68+1,41)
1,29+ (0,91+1,68)

8,26 (7,36+9,16)
4,63 (3,63+5,63)
0,18 (0,09+0,28)
9,82 (7,86+11,78)
0,26+ (0,06+0,46)
0,32 (0,16+0,49)
2,54 (1,96+3,12)

Krerka ¢ KOHIEHCUPOBAaHHBIM XpOMaTuHOM B siipe 83,14 (47,23+119,06) 37,71 «* (26,40+49,01) 112,96 (81,37+144,56) 59,17 = (47,37+70,97)
1

IMIpumeuanue: ' — Xcp (95 Cl%); * — p < 0,05 mo cpaBHEHHUIO CO CTYAEHTAMH TOTO kK€ I0J1a, 00yJaroUIMMHCS Ha APYroM (pakyiabTeTe
kputepuit ManHa — Yutan); * — p < 0,05; *¢—p < 0,01 10 cpaBHEHHIO CO CTYICHTAaMH JIPYTOTO I0JIa, 00YJAIONIIMICS HA TOM K€ (DaKyIbTeTe
kpurepuil ManHa — YUTHH).

Table 2

Results of the cytome analysis of the epithelium of the mucous membrane of the students’ cheeks'

Cells with this anomaly per 1000 cells with a | Faculty of Economics Xav1 (95% confidence interva?) | Chemical faculty Xav1 (95% confidence interva?)

continuous smooth edge of the nucleus, %o

Young men 21 persons ‘ Young women 34 persons | Young men 26 persons ‘Young women 65 persons

Cell with micronucleus
Cell with protrusion of nucleus

The total frequency of cells with MN or with
protrusion of the nucleus

A cell with a number of nucleus > 1 1
Basal cell

Cell with a giant nucleus

Cell with perinuclear vacuole

Cell with karyorhexis

Cell with apoptotic bodies in the cytoplasm

Cell with a pycnosis of the nucleus

0,33 (0,07+0,60)
0,90 (0,45+1,36)
1,24 (0,78+1,69)

0,38 (7,40+13,36)
3,71 (2,49+4,94)
0,33 (0,07+0,60)
5,95 (3,83+8,07)
3,05 (0,00+6,39)
0,19 (0,01+0,37)
4,57 (2,96+6,18)

0,38 (0,14+0,62)
1,71 (0,83+2,58)
2,09 (1,17+3,00)

9,62 (8,12+11,12)
8,14 (4,45+11,84)
0,47 (0,08+0,87)
8,12 (4,56+11,68)
0,24 (0,04+0,43)
0,24 (0,04+0,43)
2,38+ (1,36+3,40)

0,77 (0,42+1,12)
1,46 (0,76+2,17)
2,23* (1,34+3,12)

9,50 (7,80+11,20)
5,69 (3,13+8,25)
0,42 (0,14+0,71)
8,04 (4,79+11,29)
1,54 (0,50+2,58)
0,46 (0,15+0,77)
2,96* (1,35+4,57)

0,25 (0,14+0,35)
1,05 (0,68+1,41)
1,29+ (0,91+1,68)

8,26 (7,36+9,16)
4,63 (3,63+5,63)
0,18 (0,09+0,28)
9,82 (7,86+11,78)
0,26¢ (0,06+0,46)
0,32 (0,16+0,49)
2,54 (1,96+3,12)

Cell with condensed chromatin in the nucleus 83,14 (47,23+119,06) 37,71 (26,40+49,01) 112,96 (81,37+144,56) 59,17 *= (47,37+70,97)

Notes: ') p<0,05 compared with students of the same sex studied at the another faculty (the Mann-Whitnely test); ¢) p < 0,05; «*) p < 0,01
compared with students of the opposite sex studied at the same faculty (the Mann-Whitney test); ?) Xav (95 CI%).

JKM3HU (CUASIUM WY TIOJBIKHBIM), BO3PACTOM U KypeHHeM (R =
0,183; 0,195; 0,221 u 0,204 cOOTBETCTBEHHO; BO BCEX CIIy4asiX p
<0,05). YV neymexk X®, Beaylux akTUBHbINA 00pa3 xu3Hu (Oac-
ceiiH, Berocuren, puTHec, [UIUTENbHAs X01b0a), 9acTOTa KIETOK
C TIUKHO30M si1ipa ObLIa HIDKE, YeM y BeIyIIMX CHISYUA 00pa3
Ku3HH (Tadun. 5). Y nepymiek Ha DD pasznuuus ObUTH HANPaBICHBI
B Ty JK€ CTOPOHY, HO HE3HAYMMBbI, OJJHAKO IOCJIe OObEANHCHHS
JIEBYIIEK JBYX (DaKyIbTETOB YpOBEHb 3HAYMMOCTH MOBBICHICS
(2,11 (1,49 = 2,73) u 3,65 (2,71 + 4,59) na 1000 knerok, p =
0,001). TTpu nr060M criocobe HopMHPOBAHUS TPYIIT AKTUBHBIX U
MTACCUBHBIX IOHOMIEH BIHMSHUS 00pa3a KM3HU HA YaCTOTY KIIETOK
C MMUKHO30M SI7pa BBISIBUTH HE YAaIOCh.

IIpencraBieHHOCT, MMEIOMIMX XPOHUYECKHE 3a00JIeBaHUs
U HE YKa3aBUIMX MPU aHKSTHPOBAHWHM HAIUYHE XPOHUYECKUX

Tabunuma 3

Pacnpenesienne CTY1eHTOB 10 CTeNEHU BbIPAKEHHOCTH
TpeBoxkHOCTH (mKajaa Teiisiop)

VpoBeHb DKoHOMHYECKHI! (haKyIbTeT XuMudeckuit GaxynsreT
TpeBOTH 1> MEXKLY 1 MeKITY
(xareropus) | FOHOUIM | ICBYIIKH | % ' = < | FOHOLLM | JeBYIIKH | & o
1 7 16 1,36 6 41 12,42
2 13 15 18 20
3 ¥ BbIILIE 1 4 3 4

nucleus - according to the correlation analysis - was associ-
ated with the sex of the examined (R = 0.330, p <0.05) and
the duration of weekly laboratory work (R = 0.194, p <0.05).
The Fig. 2 shows the increase in the frequency of cells with
chromatin condensation in the nucleus with the increase in
the duration of the laboratory work is the same for girls and
boys, but the background frequency, like the entire schedule
for boys, is higher.

Discussion

The main objective of this study was to compare the state
of students of the two faculties to identify the possible (nega-
tive) impact of learning conditions on the genetic status of the
students. In formulating the problem, we assumed that the main

Table 3
Allocation of students in terms of anxiety severity (the Taylor scale)

Faculty of Economics Chemical faculty
Anxiety level
(category) | Young | Young |y’ between|Young| Young |y’ between
men | women sexes men | women | the sexes
1 7 16 1,36 6 41 12,42
2 13 15 18 20
3 and higher 1 4 3 4
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Tabnuua 4
YacToTbl aHOMAJIBHBIX KJIETOK B SNUTEJHH POTOBOIi MOJIOCTH CTYIEHTOB NPU Pa3HBIX YPOBHSX UX TPEBOKHOCTH
Mokararent, DKOHOMHYECKHU(aKyIBTET Xumudeckuit pakynpreT
IOHOIIIH ‘ JIEBYIIKI IOHOIIH ‘ JIEBYIIKI

CreneHpb BIPKCHHOCTH TPEBOTH (KaTEroprsi) 1 2 1 2 1 2 1 2

OO0CIeI0BaHO CTYACHTOB, YEIOBEK 7 13 16 15 6 8 41 20

Kitetok ¢ MuKposmpom, %o’ 0,29 0,38 0,19 0,60 0,33 1,00 0,24 0,20%*

0,00+0,98 0,08+0,69 0,00-0,40 0,10-1,10 0,00-0,88 0,55+1,45 0,11+0,38 0,01+0,39

CyMMa KJIETOK ¢ MUKPOSIAPOM 1,00 1,31 1,88 2,40 1,50 2,56 1,22 1,50

WK IIPOTPY3HEH s11pa, %o 0,24+1,76  0,64-1,98 0,08+3,67 1,32+3,48 0,62+2,38 1,29+3,82 0,84+1,60 0,44+2,56

Kuerok ¢ kapropekcrcom Ha 1000 kiieTok ! 1,00 438 0,19 0,20 0,33 1,78 0,45 0,25

0,00+3,45 0,00-9,83 0,00-0,48 0,00-0,43 0,00-0,88 0,33+3,22 0,00-0,91 0,04+0,46
IMpumeuanue: ' — Xcp (95 CI%); ** — p < 0,01 1o cpaBHEHHIO ¢ IOHOLIaMK XUMdaKa ¢ KaTeropueil TpeBOKHOCTH 2.
TabGununa 5
YacroTa KJIETOK ¢ MHKHO30M s1/Ipa M 00pa3 *KU3HHU CTYIEHTOB
Xumudeckuii GpaxyibTeT DKoHOMHYECKHUii(aKyIpTeT
INokazarens
TOHOMIIN ‘ JCBYIIKH TOHOIIN ‘ JCBYIIKH

O6pa3 xu3HN AxtuBHb  Cumgumii  AxtuBHbIM  Cuggunmii AxktuBHbBIH  Cugsuniit  AxtuBHBIE — Cugsuuii

O06ce10BaHO CTY/ICHTOB, YEIIOBEK 10 9 46 14 12 5 25 6
YacroTa KJIETOK ¢ MMKHO30M sipa Ha 10 001 4.8 2,22 2,09 3,71% 4,75 3,2 2,16 3,5

(0,93+8,67) (0,00:4,49) (1,41+2,76) (2,53+4,90) (2,03+7,47) (0,24+6,16) (0,83+3,49) (1,32+5,68)

IMpumeuanue. 1) Xcp (95 CI%); * — p < 0,01 no cpaBHeHuIO ¢ AeBymkamu DD, MpuaepKUBAIOIIUMHUCS aKTUBHOTO 00pa3a *K13HH (KpHUTe-
puit ManHa—YutHnm).

3a00NIeBaHHU CTYJICHTOB CPEIM OOCIIEI0BaHHBIX Ha Pa3HBIX (ha-
KyIIbTeTax He pa3nmyanach (tadn. 6). [Ipu aTom gactoTa KIeTok
C TIMKHO30M SI/Ipa CPeIM 370pOBBIX toHOIICH Ha XD Oblia 3HaUH-
TEIBHO HUKE, YeM Ha DD.

Buusinue KYpC€HHs HE NPEACTABIATIOCH BO3MOXXHBIM OLICHUTDH
OT/ICNFHO B KQXKIOW U3 YETHIPEX MOATPYI HM3-32 MATOYHCIICH-
HOCTH KypSIIUX, OJJHAKO Ha BCEM MACCHBE TAaHHBIX JTO BIIHSIHHE
MPOSIBUIIOCH: Y KypPSIIMX YacTOTa MUKHOTHYECKHX siuep Oblia
3HAUMUMO BBIIIE, YeM Yy HEKypsIuX (Tadi. 7).

YacToTra KJIETOK ¢ KOHACHCHPOBAHHBIM XPOMAaTHHOM B sIpe
(110 TaHHBIM KOPPEJISAIIMOHHOTO aHAIN3a) ObLIa aCCOLIMUPOBAHA C
nosioM obcnenoBanHbIX (R = 0,330, p < 0,05) 1 npoxomKNUTEND-

acting factor could be contact with a variety of chemical com-
pounds during the performance of laboratory work. We assumed
that the main way of exposure could be the inhalation of air
of the laboratory premises during classes. Therefore, to detect
possible genotoxic effects, a micronuclear test on tissue cells
directly in contact with air pollution was chosen. The micro-
nuclear test on the buccal epithelium allows detecting a wide
range of events - not only the effects associated with genome
damage (the formation of micronuclei and nuclear protrusions),
but with various manifestations of cell death - apoptosis and
necrosis (condensed chromatin in the nucleus, nuclear picnosis,
karyorhexis and etc.) [3-5].

Table 4

The frequencies of abnormal cells in the epithelium of the oral cavity of students at different levels of their anxiety.

Faculty Faculty of Economics Chemical faculty
Sex Young men ‘ Young women Young men ‘ Young women

Degree of anxiety Psychological Increased Psychological Increased Psychological Increased Psychological Increased

comfort anxiety comfort anxiety comfort anxiety comfort anxiety
Surveyed students 7 13 16 15 6 8 41 20
Cells with a micronucleus, %o1) 0,29 0,38 0,19 0,60 0,33 1,00 0,24 0,20%*

0,00-0,98  0,08+0,69  0,00+0,40  0,10+1,10  0,00-0,88  0,55+1,45  0,11+0,38  0,01+0,39
The total of cells with 1,00 1,31 1,88 2,40 1,50 2,56 1,22 1,50
micronucleus or protrusion of the ~ 0,24+1,76  0,64+1,98 0,08+3,67 1,32+3,48 0,62+2,38 1,29+3,82  0,84+1,60  0,44+2,56
nucleus, %ol)
Cells with a karyorhexis per 1000 1,00 438 0,19 0,20 0,33 1,78 0,45 0,25
cells 1) 0,00+3,45  0,00+9,83  0,00+0,48  0,00+0,43  0,00-0,88  0,33+3,22  0,00+0,91  0,04+0,46
Note: 1) Xav (95 CI%); **)p <0,01 in comparison with the young men of the chemical faculty with an increased level of anxiety
Table 5
The frequencies of cells with the nucleus pycnosis depending on the students’ lifestyle
Inde Chemical faculty Faculty of Economics
X
Young men ‘ Young women Young men Young women

Lifestyle active sedentary  active sedentary  active sedentary  active sedentary
Students surveyed 10 9 46 14 12 5 25 6
Frequency of cells with a pycnosis of 48 2,22 2,09 3,71%* 4,75 3,2 2,16 3,5

the nucleus per 10001 (0,93+8,67) (0,00+4,49) (1,41+2,76) (2,53+4,90) (2,03+7,47) (0,24+6,16) (0,83+3,49) (1,32+5,68)

Notes: 1) Xav (95 CI%); **) cf] < 0,01 compared with the girls from EF, leadinl% an active lifestyle (the Mann-Whitney test).Representation of
students indicated and did not indicate in the questionnaire the presence of chronic illnesses among those surveyed at different faculties did not differ
(Table 6). At the same time, the frequency of cells with pyknosis of the nucleus among healthy young men on CF was significantly lower than on EF.
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Tabunuma 6

YacToTa KJIETOK ¢ MHKHO30M s1Ipa B O0yKKAJILHOM dUTEIHI
CTY/IEHTOB € PA3JIMYHON OLEHKOI COCTOSIHUS CBOEro 310POBbsI

DOI: http://dx.doi.org/10.18821/0016-9900-2018-97-2-179-187
Original article

Table 6

The frequency of cells with pycnosis of the nucleus in the buccal
epithelium of students with different assessments of their health

Ion O6cnemo- | Yactora KIETOK Number of| The frequency of cells
CocrosiHue Sex of the | State of . .
obceno- DakynbreT BaHO CTY- | C MMKHO30M 5/Ipa : Faculty students | with a pycnosis of the
3]10POBbS 1 examined | health
BaHHBIX JIeHTOB, 1 | Ha 1000 ki1eTok surveyed nucleus per 1000 cells 1
IOHomm  310poOB DKOHOMHYECKUI 12 4,67 Young healthy  of Economics 12 4,67
(2,38 +6,95)** men (2,38+6,95) **
AMEIOTCS XuMUIeCKHii 16 1,38 there are Chemical 16 1,38
XPOHUYECKUE (0,00 +2,83) chronic (0,00+2,83)
3a00NCBAHMS  JyopomuueckHit 8 3,50 diseases  of Economics 8 3,50
(1,45 +5,55) (1,45+5,55)
XuMu4ecKui 10 5,50 Chemical 10 5,50
(2,30 = 8,70) (2,30+8,70)
JleBymku 310poBa DKOHOMHYECKUI 11 1,91 Young healthy  of Economics 11 1,91
(0,62 +3,20) women (0,62+3,20)
HMEIOTCS XuMudeckuit 25 2,08 there are Chemical 25 2,08
XPOHHYECKHE (1,21 = 2,95) chronic (1,21+2,95)
3aboneBatns Jyopommueckmii 21 2,57 diseases  of Economics 21 2,57
(1,00 + 4,15) (1,00+4,15)
XuMudeckuii 38 2,82 Chemical 38 2,82
(2,01 +3,62) (2,01+3,62)

Ipumeuanue: ' — Xcp (95 CI%); ** — p < 0,01 mpu cpaBHEHHH CO
310poBeIMH FoHOIIaMu X@ (kputepuii ManHa—YUTHM).

HOCTBIO MpeObIBaHMS B XUMHUECKO# 1aboparopuu (R = 0,194, p
< 0,05). Ha puc. 2 BUIHO, 4TO MPUPOCT YACTOTHI KIETOK C KOH-
JIeHcale XpoMaTHHa B IIpEe M0 MEpe YBEINUYEHUSI TPOJIOTIKH-
TENBHOCTH MPeObIBAHUS B TaOOPATOPHH OJJMHAKOB Y JEBYIICK H
IOHOIIEH, oHAKO (POHOBAs YACTOTA U BeCh IpaduK JUTs FOHOIIEH
pacnoiararoTcsi BhIIIE.

O6cy:xneHue

OcHOBHOH 3aj1auell HACTOSILEr0 MCCIIEOBAaHUs ObLIO CpaB-
HEHUE COCTOSHHMS YYAIIUXCs ABYX (DaKylbTETOB IS BEISIBICHUS
BO3MOXKHOTO (HEraTMBHOTO) BJIMSIHUSI YCIIOBUI OOydYCHHMs Ha Te-
HETHYECKUH CTaTyC cTyaeHTOB. [Ipu mocTaHoBKe 3a1au MBI J0-
IYCKaJIHM, YTO OCHOBHBIM JICHCTBYIOIINM (hAKTOPOM MOXKET OBITH
KOHTAKT C pa3HOO6pa3HblMI/l XHUMHUYCCKUMHU COCOAUMHCHHAMHU BO
BpeMsl BEIIIOJIHEHHS JTAOOPATOPHBIX paboT. MBI mpesonarany,
9YTO OCHOBHBIM CITOCOOOM SKCIO3HITMM MOXET OBITH BIBIXaHUE
BO3IyXa J1abOpaTOpPHBIX IMOMENIeHUH BO Bpems 3aHsaThil. [lo-
9TOMY JUISl BBISIBIICHUSI BOSMOXKHBIX T€HOTOKCHUECKHX 3()(PEKTOB
ObLT BEIOpAH MUKPOSCPHBINH TECT HA KJIETKAaX TKaHHU, HETIOCpe.-
CTBCHHO KOHTaKTPIpy}OLL[eﬁ C BO3AYLIHBIMH 3arps3HCHUSIMHU.
MHuKpOsiIepHBIH TecT Ha OyKKaJbHOM SMHUTEINH O3BOJISET BBI-
SIBJIATH MIMPOKUH CHEKTP COOBITHII — 3TO HE TONBKO (P EKTH,
CBSI3aHHEIE C IOBPEKICHNEM TreHoMa (00pa3oBaHue MUKPOSIIED U
STICPHBIX TIPOTPY3Hit), HO ¥ A3P(EKThI C PA3THUYHBIMH POSBICHHU-
SIMM BapHAHTOB KJICTOYHO THOEIN — aronTo3a u HeKpo3a (KOH-
JICHCUPOBAaHHbIA XPOMATHH B SIPE, IIMKHO3 SIPa, KAPUOPEKCUC
ap.) [FOpuenko u np., 2007; Thomas et al., 2009; Torres-Bugarin
etal., 2014].

Pe3ynpraThl IUTOMHOTO aHAJIM3a TIOKa3aJIH, YTO YPOBHH BCEX
00Hapy)eHHbBIX 3PPEKTOB (CM. TadI. 2) HE BBIXOMAT 3a MPE/CIIbI
HE TOJIbKO 0a30BOT0 YpOBHS, HAKOIUICHHOTO B HaIeH sabopato-

Tabnuma 7

YacToTa KJIETOK ¢ MHKHO30M $1/IPA B dNUTEJIMH CJIM3HCTOM
000J10YKH IEKH H KypeHHe CTYIeHTOB

Notes: 1)—Xav (95 Cl%); **) p <0,01 when com%sred with healthy
young men of the chemistry department (the Mann-Whitney test).

The results of the cytome assay showed that the levels of
all the observed effects (Table 2) do not go beyond the base
level accumulated in our laboratory [5], and the values estab-
lished in the literature for comparison groups [7 - 9]. On this
basis, we can conclude that a relatively low level of air pollu-
tion both in classrooms at the Faculty of Economics and in the
laboratories of the Chemical faculty. Nevertheless, it should
be noted that among young men trained in CF a significantly
higher total cell frequency with micronucleus and cells with
nucleus protrusion was found than among young men studying
in EF, as well as for students of both sexes - a direct relation-
ship between the frequency of cells with condensed chromatin
in the nucleus and the duration of weekly work in the chemi-
cal laboratory. This clearly indicates the presence of factors
that induce genotoxic and cytotoxic effects at the chemistry
faculty.

The frequencies of cells with micronucleus and nuclear pro-
trusions are recognized markers of genotoxic effects. But it is
important to understand that the frequency of cells with chro-
matin condensation in the nucleus is the most sensitive indi-
cator of a micronuclear test on epithelial cells, which, before
others, allows detecting exposure to toxic effects. For example,
an increase in the frequency of cells with chromatin condensa-
tion was observed among the consumers of tobacco chewing
gum [7], road workers [9], exposed to paints [10], natural [11]
and artificial [12] sources of ionizing radiation, and with aging
[13]. Together, these effects prove the presence of exposure to
genotoxic and toxic factors present during laboratory sessions
at the chemical faculty. And, despite the fact that the levels of
detected effects do not go beyond the baseline, the very fact of

Table 7

The frequency of cells with pycnosis of the nucleus in the epithelium of
the mucous membrane of the students’ cheeks, depending on smoking

OtHouIeHHe K O6crenoBano KieTok ¢ muKHO30M . . Number of  |Cells with a pycnosis of a| , .
MuH-Makc Attitude to smoking Min-max
KYpCHHUIO CTYICHTOB, uenoBek| sapa Ha 1000 knetox students surveyed nucleus per 1000 cells
He xypsT 115 2,689 (2,10 + 3,26) 0-16 do not smoke 115 2,689 (2,10+3,26 ) 0-16
Bpocator kyputh 5 3,00 (1,04 = 4,96) 1-5 give up smoking 5 3,00 (1,04+4,96 ) 1-5
Kypsar 30 3,57 (2,45 + 4,68) 0-12 smoke 30 3,57 (2,45+4,68 ) * 0-12

IMpumeuanue: ' — Xcp (95 C1%); * — p < 0,05 no cpaBHEeHHUIO ¢ He-
Kypsmmmu (Z = 2,07?.

Notes: 1) — Xav (95 C1%); *) p < 0,05 compared with non-smokers
(Z=2,07).

s
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KonnyecTBo KNeTok ¢ KoHAeHcaLumen
XpomatuHa B agpe Ha 1000
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MpopomkutensHoCTb paboThbl
B XMMUYeckon nabopatopum (Yac/Hen)
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Puc. 2. BausiHue npoioKUTEIbHOCTH IPEObIBAHUS CTY/ICHTOB B XUMH-
YeCKoi J1abopaTopuy Ha 4acToTy OyKKalIbHBIX KJIETOK C KOHAEHCalueH
XpomaTuHa B sjpe. I1o ocu opuHaT — MpoI0JKUTEIbHOCTS NPEObIBAHMS
B XHMHYECKOH 1abopaTopuH (4ac/Hex); 0 0cH abCIHCC - KIETOK C KOH-
neHcanuet xpomatuta B sape Ha 1000 k1eTok ¢ HelpephIBHBIM INIaIKUM
KkpaeM sipa (Xcp + cT. o).

Fig. 2. Effect of the duration of weekly work of students in the chemical
laboratory on the frequency of buccal epithelial cells with condensation
of chromatin in the nucleus.

On the abscissa axis — cells with condensation of chromatin in the
nucleus per 1000 cells with a continuous smooth edge of the nucleus
(Xav £ cr. omt.).

puu [5], HO ¥ 3HaUYEHUH, YCTAaHOBIEHHBIX B JIUTEPAType AJIs TPy
cpaBHeHus [7-9]. Ha 3ToM 0CHOBaHMM MOXKHO CJIeNaTh BBIBOJL 00
OTHOCHUTEJIbHO HEBBICOKOM YPOBHE 3arpsi3HEHUSI BO3AyXa Kak B
HOMeLIeHUAX IS 3aHsaTull Ha D@, Tak u B nadoparopusx X0.

Tem HEe MeHee, ClieyeT OTMETHTbh, 4TO y IOHOLIEH, 00y-
yaBmuxcs Ha X®, Obuta oOHapy)eHa 3HAYMMO OOJIbIIAs CyM-
MapHasl 4acToTa KJIETOK ¢ MHUKPOSAPAMH U KJIETOK C MPOTPY-
3ueil sapa, 4em y roHouiei, oOydaromuxcs Ha DD, a Takxke
JUIsL CTYIEHTOB 00O€ro Imojia — mpsiMasl 3aBUCUMOCTb MEXIy
YacCTOTOW KJIETOK C KOHJEHCHPOBAHHBIM XPOMAaTHHOM B fJIpe
1 IPOJIOJKUTEIBHOCTBIO IPEOBIBAaHUS B XUMUYECKOH J1abopa-
TOpUHU. DTO OJHO3HAYHO CBHJIETENHCTBYET O Hanmuuuu Ha XD
(bakTOpOB, MHAYLIUPYIOMNX TeHOTOKCHUECKHE U TOKCHUECKHE
b HEKTHI.

YacToThl KJIETOK C MUKPOSJAPAMHU M SACPHBIMU MPOTPY3HU-
SIMM SIBJISIFOTCS. TIPU3HAHHBIMM MapKepaMH T€HOTOKCHYECKOTO
Bo3zeiicTBus. Ho BayKHO TOHMMATh, YTO YaCTOTA KJIETOK C KOH-
JICHCAlel XpOMaTHHA B SIAPE SIBISIETCS] CAMBIM 4yBCTBHUTEIb-
HBIM TIOKa3aTelleM MHUKPOSJEPHOrO TeCTa Ha MUTEIHOLMTAX,
KOTOPBIH paHbllIe APYIHX MO3BOJSET OOHAPYKUTH HKCIIO3ULIHIO
K TOKCHYECKHM BO3JIeiCcTBUAM. Tak, MOBBIILIEHHE YAaCTOTHI Kile-
TOK C KOHJIEHCAallMel XpomaruHa HaOmrofanu y norpeduteneit
TabauyHOU KBa4yKH [7], y TOPOKHBIX padbouux [9], y SKCIIOHUPO-
BaHHBIX K KpackaMm [10], k mpuponubm [11] n HCKycCTBEHHBIM
[12] mcTouHMKaM HMOHU3HUPYIOIIETO H3IYUYEHHUs, a TaKkKe MpH
crapenuu [13]. B coBokynHOCTH 3TH 3()(DEKTHI JOKA3bIBAIOT Ha-
JIMYHE HKCIIO3ULIUU K TEHOTOKCHYECKUM M TOKCHYECKUM (PaKTo-
pam, IPHUCYTCTBYIOIIMM BO BpeMs J1JaOOPAaTOPHBIX 3aHATHUH Ha
XHUMHUYecKoM (axynbreTe. M, HeCMOTpsl Ha TO 0OCTOSTEIBCTBO,
9TO COBUTM 3HAYCHHUI MMOKas3aresiell He BBIXOIAT 3a Ipeelibl
0a30BBIX YPOBHEH, caM (akT MX OOHAPYKEHHUS TOBOPHUT O He-
O6XOI[I/IMOCTI/I MIPOBCACHHUSA CIICIMAJIbHBIX HCCHCZ{OB&HI/II\/II, Ha-
[IpaBJICHHBIX HA MOUCK NMPUYHH.

B HacTosiiieM HCClIeIOBaHMM 4YacTOTa KJIETOK C IMHUKHO30M
sIpa ¥ KJIIETOK C KOHJICHCHPOBAHHBIM XPOMATHHOM B sIIpE Y IOHO-
nreit OblTa BBINIE, YEM Y JIBYILEK, YTO IMOATBEPIKIACT pe3yibTa-
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their detection indicates the need for special studies aimed at
finding causes.

In the present study, the frequency of cells with pycnosis
of the nucleus and cells with condensed chromatin in the nu-
cleus among young men was higher than of the girls, which
is confirmed the results obtained earlier in the examination of
children aged 5-7 in Moscow, namely in the boys’ epithelium
of the mucous membrane of the cheek such cells were more
common than for girls [5]. The observation made becomes es-
pecially important if we take into account that the marked cy-
tological signs characterize the cell death. At the same time,
the frequency of cells with genetic lesions (micronucleus and
protrusions) among young people trained in CF was higher than
that of young men in EF. That is, among young people in CF, the
increased frequency of genetic damage was observed against
the background of reduced cell death - a situation in which the
damaged cells are not eliminated but survive, thereby creating
conditions for fixing genetic damage in subsequent generations.
We have repeatedly observed this phenomenon when studying
the effects of genome instability in blood lymphocytes of chil-
dren and adults who were in a state of nonadaptive stress (and
in particular under conditions of additional genotoxic loading
in vitro [15]). This observation is made for the first time on the
cells of the epithelium of the cheek.

Essential for understanding the observed regularities is the
fact that in CF among the young men prevailed those with in-
creased anxiety, predominantly cells with micronucleus were
more common for them than for girls being in the same emo-
tional state (Table 4). This means that gender differences in
the frequency of cells with micronucleus on CF could not be
mediated by students’ emotional stress. The fact that the de-
gree of stress is a mediator of genotoxic effects was previously
shown repeatedly in examining different cohorts of children
and adults in our own [14, 15] and then in the studies of other
authors [16] on the culture of peripheral blood lymphocytes.
In this paper, this phenomenon is first shown on buccal epi-
thelium, which allows us speaking of a single mechanism of
physiological modification of the individual genome sensitiv-
ity in different tissues.

The association between the frequency of buccal epithelial
cells with pycnosis of the nucleus and the state of students’ so-
matic health is of interest. A similar observation was made in a
survey of children in Magnitogorsk, where a correlation between
the frequency of such cells and the child’s health group was found
[17].

In conclusion, it should be noted that the described effects,
demonstrated in most cases for the first time in the world sci-
entific practice on epithelial cells, attest the unity of the mecha-
nisms of the formation of genetic damage, the elimination of
damaged cells and the modification of these effects in different
human tissues - the epithelial cells of the mucous membrane
of the cheek and peripheral blood lymphocytes, as well as on a
single mechanism for the modification of genotoxic effects in
various tissues of the human body during the course of adapta-
tion processes.

The obtained data substantiate also the expediency of taking
into account in genetic and hygienic studies of different groups of
the adult population such “non-genetic” factors as the state of the
emotional sphere, the way of life and the subjective assessment of
the health status of the subjects.
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THI, TIOJIy4EHHbIE paHee Ipu oOcCIeNoBaHUM JeTei 5 — 7 ner B
MocKBe: IMCHHO y MAJIB4UKOB B SITUTEIIHHU CIIH3UCTON 000IOUKH
IIEKH TaKue KJICTKH BCTPEYalIiCh Jallle, 9eM y JeBouek [5].

CyImecTBeHHBIM JUIS TIOHHMaHHUsA OOHApy>KEHHBIX 3aKOHO-
MEPHOCTEH MPEACTABISETCS U TOT (BaKT, 4TO CPEH FOHOIIECH mpe-
ob6mafany CyOBEeKTHI C MOBBIIIEHHOH TPEBOKHOCTBIO, IPUUEM Y
HHUX KJICTKHU C MUKPOsApaMH BCTPCUAJIMCH Halle, Y€M Yy JICBYUICK
(cM. Tabi1. 4). DTO 03HAYACT, YTO FEHAEPHBIE PA3IUYMS 110 YaCTO-
Te KIETOK ¢ MHKposapamMu Ha XP MommM OBITH OINOCPEITOBAHEI
SMOIMOHAIFHBIM HaMpsUKEHHEM CTyIeHToB. To, 9To cTpecc sB-
JISIETCSL MEJIMATOPOM T'€HOTOKCHUECKUX 3P (HeKkToB B TUMPOIIHTAX
nepudepudeckorl KpoBU, OBUIO paHee HEOJHOKPATHO MOKa3aHO
npu oO0CNIeOBaHUU PA3HBIX KOIOPT JAETeH U B3POCIBIX B COO-
CcTBeHHBIX [14, 15] u 3aTeM B HMCCIIENOBaHUSAX JIPYTUX aBTOPOB
[16], onHako B TaHHOW paboTe STOT ()eHOMEH BIICPBEHIC MOKa3aH
Ha OyKKaJTbHOM SIHUTENHH. IHTepec mpencTaBiseT acCONHaTHB-
Has CBA3b MEXKIY JaCTOTOH OyKKaNbHBIX STUTEIHOINTOB C TTHK-
HO30M $I/Ipa ¥ COCTOSTHUEM COMAaTHIECKOTO 3[J0POBbSI CTYICHTOB.
AmnanoruuHoe HaOmoneHue ObUIO COENIaHO NP 00CIECIOBAHUU
nereit B MarHuToropcke, rje Obuia BBISIBICHA CBS3b YaCTOTHI Ta-
KHX KJIETOK C IpyNIION 310poBbs pedeHka [17].

B 3axmroueHHe ciemyeT OTMETHTh, YTO IPHUBEIACHHBIC IaH-
HBIE, TTOTyYeHHbIC BIICPBBIC B MUPOBOIT HAYYHOH MPAaKTHKE B pe-
3ynbTaTe TeHEeTUKO-TICHXOIOTHYECKOTO 00CTEI0BaHNUS CTYICHTOB
pa3HbIX (aKyIbTETOB OJHOTO By3a, CBUAETEILCTBYIOT O LIEJIECO-
00pa3HOCTH y4éTa CyOBEKTHBHOW OLICHKH COCTOSIHUS 3I0POBBS,
9MOIMOHAIBHOMN Chepbl 1 00pa3a JKH3HHU B TCHETUKO-TUTHEHHYe-
CKHX HCCIICIOBAHUSAX.

®una”cupoBaHue. PaboTa BhINOJIIHEHA B paMKaX roCyJapCTBEHHOIO 3a-
nanust Ne 056-00111-18-00 1 mpu yacTU4HO# (HUHAHCOBOI MOAEPIKKE TPaH-
ta PHO® 15-17-30016.

KonguukT nHTEpecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHH KOH(IHKTA
HHTEPECOB.
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K cm. E. K. Kpusyosoti u coasm.
1o the article by E. K. Krivtsova.

Puc. 1. Mukpodoto aHomanuii GyKKalbHBIX AMUTENNONUTOB. OpCerH, CBETIIbIN 3eneHbId, yB. X 1000: / — Mukpo-
SIAPO; 2 — MPOTPY3HU Spa CISAYIOmHX GopM: @ — Be3UKyIa; 6 — «pa3duToe SIUI0»; 6 — HAMIENb; 3 — IBOHHOE
SIpO; 4 — NBYSACpHAS KIIETKA; 5 — EpUHYKJIeapHas BaKyollb; 6 — MUKHO3 5/1pa; 7 — KOHJCHCUPOBAaHHBIM XpoMa-
TUH B spe; § — Kapuopekcuc; 9 — nusuc sapa; /0, 11 — anonrto3Hsle Tena; /2 — XBocraras KieTKa.

Fig. 1. Microphotos of buccal mucosa cells’ nuclear anomalies: 1 — micronucleus; 2 — nuclear protrusion:
a — vesicle, b — “broken egg”; ¢ — nipple; 3 — double nuclei, 4 — cell with two nuclei; 5 — perinuclear vacuole,
6 — pycnosis of the nucleus; 7 — condensed chromatin in the nucleus; § — karyorrhexis; 9 — lysis of the nucleus;
10, 11 — apoptotic bodies; /2 — tailed cell. Staining: Orcein, Light green, 10 x — 1000.



