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AHHOTAIIUA

OmpesiesieHbl 0COOEHHOCTH MUHEPAJILHOTO 0OMeHa B TepHoj] OepeMEeHHOCTH, U3MEHEHUE KOTOPOTO IO JEHCTBHEM
JlecTabUIN3UpPYyIoNuX (PaKTOPOB MOXKET OKa3blBaTh HETaTMBHOE BJIMSHHE HA IOMEOCTa3 CHUCTeMBl «MaTh — IIJIOA» U
IIPUBOUTH K HAPYIIEHUIO (DYHKITMOHUPOBAHUA Beel cucteMbl. [IpoBe/ieHO S9KCIIepUMEHTAIbHOE UCCIIEZIOBAHTE, B KOTOPOM
YYaCTBOBAJIM 70 B3POCJIBIX KUBOTHBIX, IIOJIyUYE€HO U MMPOAHAIU3UPOBAHO 420 JKUBBIX IJIOZOB 20-TO AHI HSMOpHoreHesa. B
1-¥ cepuU HKCIEPUMEHTA CAMOK ITO/[BEPTaIH OOIel BEPTUKAIBHON BUOpAIUU B TeueHrne 60 MUH B CyTKU. Bo 2-i1 cepuu
SKCIEPHUMEHTATIBHOTO BO3/IEACTBHS CAMKaM BHYTPHUOPIOIIMHHO BBOAWIICA CyIbdaT KaaMus. MccienoBaHre MUHEPAIBHOTO
oOMeHa B IIeUeHH MaTepH IIPU BUOPALIMH BBISIBIJIO 3HAYNMOE CHIDKeHHe KoytndectBa Ca Ha 25 %, Mg Ha 15 %, Fe Ha 17 %, HO
Hakomterve Cd B 10 pas, Pb B 2 paza u Cu Ha 8 % 6os1blIe 110 CPAaBHEHUIO C KOHTPOJIEM, YTO CBUZIETEILCTBYET O BBIPAYKEHHOM
M3MEeHEHHH IPOIECCOB TOMEOCTa3a B CUCTEME «MaTh — IIOJT», OMIPEIeISIIOIIEM YBeJTHUeHHE TOKa3aTesel HMOPHUOHAIbHOM
CMepTHOCTH. V3yueHHe MUHEPAJIbHOTO 00MeHa B 00eMX CepusX SKCIEPUMEHTA BBISABIJIO PAa3BUTHE THUIIEPIJIEMEHTO3a
IPYIIIBI TOKCUYHBIX MUKPO3JIEMEHTOB U OJJTHOBPEMEHHO C HUM IO GOJIBIIEN YaCTH TUII0JIEMEHTO3a JKIU3HEHHO BaXKHBIX
XUMHAYECKUX DJIEMEHTOB.

Kaloueevle cro8a: 6epeMeHHOCTb, BUOPAIIIOHHOE BO3ZIEHCTBUE, KaJIMUH, SMOPHOHAIBHAS CMEPTHOCTh, MUHEDAIb-
HBIU OOMEH.

ABSTRACT

Specific features of mineral metabolism during pregnancy, whose change under the influence of destabilizing factors
can have a negative impact on the homeostasis of the mother — fetus system and lead to disruption of the functioning of the
entire system, are defined. An experimental study was conducted over a sample of 70 adult animals, and 420 living fetuses
at their 20th day of embryogenesis were obtained and analyzed. In the first series of experiments, females were subjected
to a general vertical vibration of 60 minutes per day. In the second series of experimental treatment, cadmium sulfate was
administered intraperitoneally to females. The study of mineral metabolism in the mother’s liver during vibration revealed
a significant decrease in the amount of Ca by 25 %, Mg by 15 %, Fe by 17 %, but accumulation of Cd by 10 times, Pb by
2 times and Cu by 8 % compared to control, which indicates the pronounced change in the processes of homeostasis in
the mother — fetus system and causes an increase in the rates of embryonic mortality. The study of mineral metabolism
in both series of experiments testifies to the development of hyperelementosis of a group of toxic trace elements with the
simultaneous development, for the most part, of hypoelementosis of vital chemical elements.
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BBEAEHHE

VY mIaneHTapHBIX MJIEKOIUTAIONIUX U YeJo-
BeKa MaTh U IUIOJ, ABJISIOTCS aKTUBHO B3aWMOJIEN-
CTBYIOIIMMHU 3BEHBAMU €JUHOH (DYyHKIIMOHAIBHOU
CHCTEMBI, CyTh KOTOPOU — obecrieueHrne pernpojyK-
LMY, POKJIEHUS JKU3HECTIOCOOHOTO U 3/T0POBOTO I10-
toMcTBa. ObJIa1as onpenesieHHOH aBTOHOMHOCTBIO,
KOT/Ia MaTh pPeIIaeT 3aJjadyil aKTUBHOTO CaMOCOXpa-
HEHHS U TeM CaMbIM CIIOCOOCTBYET IO//IepKAHUI0
GyraromosTyuusi IJI0/A, a IUIOZ BBIOJIHSIET CBOH Te-
HeTHYeCKMe 33Jlayd I10 YCIIEITHOMY BHYTPUYTPOO-
HOMY Pa3BUTHIO, 3B€Hbs IAHHOU CHCTEMBI HEN30exK-
HO HCIBITHIBAIOT Ha cebe BJIMSHHE COBPEMEHHBIX
yesIoBUH KU3HU. [IpH 5TOM Hay4yHO-TeXHUYECKUU
IIporpecc IpuBeJl K TOMY, YTO HauuHasa ¢ XX B. Ipo-
M301IIIeJ]T MAaCCOBBIA ITPUTOK JKEHINUH B cdepy mpo-
MBIIIJIEHHOTO IIPOM3BO/ICTBA, HAOIIO/aeTcs Hc-
[I0JIb30BaHUE TPYZAA KEHIIUH B cdepe aBuanumy,
KOCMUYECKNX TEXHOJIOTUH, a TakKe aKTUBHOE HC-
[I0JTb30BaHUE PA3JIUYHBIX MPUOOPOB, MEXAHU3MOB,
Cpe/ICTB TPAaHCIOpTa Ha pabore U B ObITy. BmecTe ¢
STHUM He BBI3BIBAET COMHEHUs (DAKT, UYTO DKOJIOTO-
[IPOM3BO/ICTBEHHBIE (DAKTOPHI, YCAOBUA KUBHU U
TpyZa Hen30eKHO CKA3bIBAIOTCA HA COCTOSIHHU Op-
TraHU3Ma KEHINUHBI, 0COOEHHOCTAX TeUeHus Oepe-
MEHHOCTH U POJIOB [1], 1 MHOTHe 3a00J1€eBaHUS Uye-
JIoBeKa MOTYT (hOPMUPOBATHCA HAYNHAA C BHYTPUY-
TPOOHOTO ITepro/ia OHTOTeHe3a [2].

ITokasarenn CHUCTEMBI «MaThb — ILIOA» OoJjiee
YyBCTBUTEJIBHBI K JIEWCTBUIO (PAKTOPOB OKpyKa-
IoIel cpezipl, YeM TPAJUIMOHHO HCIIOJIb3yeMbIe
YpOBHH OHKO3aboseBaemoctH [3]. Mcxonsa u3 aro-
ro BO MHOTHX MeJNKO-OMOJIOTHYECKUX HCCIIe[0Ba-
HUSIX CHCTEMA «MaTh — IUIOZ» UCIIOJIB3YeTCs B Kaue-
cTBe HanboJIee ONTUMAIbHON OMOJIOTHUYECKOH MOJIe-
JI JIJIs1 U3yYEHUsT N30JIMPOBAHHOTO, KOMILJIEKCHOTO
¥ KOMOWHHPOBAHHOTO JIeUCTBUA (PaKTOPOB PaA3INY-
HOU IIPUPOJBI HA OPTaHU3M.

IToMuMO BBIIIE CKA3aHHOTO, Ba’KHBIM, II0 Ha-
[eMy MHEHUIO, MIPECTaBJISIETCS TO, YTO HA CErof-
HfA TIOJIyYeHbI JINIIh eUHUYHbIE JaHHBIE O KOJIU-
YeCTBEHHOM COJIEPKAHUH U 3aKOHOMEPHOCTSIX Pac-
IIpefieIeHusT MUKPO3JIEMEHTOB B opraHusMe Oepe-
MEHHOMU KEHIIUHBI, a TAK)Ke B OMOCpeZiaX CHCTEMBI
«MaTh — IWIoA». He n3yuyeHa WHTEHCUBHOCTh HAKO-
IUTEHUsI YKOTOKCUKAHTOB B OpTraHax U OuWosoruye-
CKHUX cyOcTpaTax MaTeEpH | IUJIO/IA B Iporiecce bepe-
MEHHOCTH, OCTAETCSI OTKPBITHIM BOIIPOC O MEXaHU3-
Me TPaHCILIAIEHTAPHOTO IIEPeH0Cca KCEHOOMOTUKOB.
He u3BecTHBI U3MeHeHUs1 B 0OMEeHe MUKDPO- U Ma-
KpO3JIEMEHTOB B OpraHu3Me OepeMeHHOU JKEHIIH-
HBI, BOBHUKAIOIIIHE I0JT BJIMSHUEM ITPOU3BOJICTBEH-
HBIX (AaKTOPOB.

INTRODUCTION

Mother and fetus in eutherian mammals and
humans are strongly interacting elements of a single
functional system, whose purpose is to ensure repro-
duction and delivery of viable and healthy offspring.
Due to a certain degree of autonomy manifested,
when the mother is actively engaged in self-pres-
ervation, thereby facilitating the fetus’s well-being,
and the fetus implements its genetic program of suc-
cessful intrauterine development, these elements of
the system are inevitably affected by present living
conditions. As a result of scientific and technical ad-
vancement, a massive influx of women into industri-
al production started in XX century, and the use of
female labor in aviation and aerospace technologies,
as well as intensified use of various devices, mecha-
nisms, and vehicles at workplaces and in households
may be observed. In addition, it is beyond any doubt
that environmental and production factors, as well
as living and labor conditions have an inevitable im-
pact on the state of female organism, particularly
affecting the course of pregnancy and delivery in a
specific manner [1], and that many diseases in hu-
mans may develop at the intrauterine stage of on-
togeny [2].

Parameters of the mother — fetus system are
more sensitive to environmental factors, than con-
ventionally used oncological disease rates [3]. Thus,
the mother — fetus system is used in many biomedi-
cal studies as the optimal biological model for inves-
tigating isolated, complex, and combined impacts of
factors of various nature on the organism.

Apart from the above said, it seems important
that today there are only anecdotal data available
on quantitative content of micro trace elements and
their distribution regularities in organisms of preg-
nant women and mother — fetus systems as biologi-
cal media. Ecotoxicant accumulation intensity in
organs and biological substrates of the mother and
the fetus in course of pregnancy has still been poorly
studied, and the problem of transplacental transmis-
sion mechanism of xenobiotics remains unsolved.
It is still unknown how metabolism of micro- and
macroelements in organisms of pregnant women
changes under the impact of production factors.

AIM OF THE RESEARCH

To estimate embryonic mortality indicators and
specific features of mineral metabolism during preg-
nancy under various disturbing factors. We believe
that the data obtained may become a basis for iden-
tifying ways and methods of correcting the distur-
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IOEJDb NCCJIEAOBAHMUA

OrneHUTH TOKA3aTeNn 5MOPHOHATBPHOU CMEPT-
HOCTU U OCOOEHHOCTH MHHEPAJIHHOTO OOMEHa IIPHU
06epeMeHHOCTH B YCJIOBUSX IEHCTBUS PA3IMUHBIX I10-
BpexkaIux ¢Gakrtopos. IloyueHHbIE JaHHBIE, 10
HaleMy MHEHHIO, MOTYT IOCIYKUTh OCHOBOH JJISt
IIOMCKA IIyTed 1 METOZI0B KOPPEKIIMH BOZHUKAIOIIIX
HapYIIEeHU /1A TOIePKAaHUSI TOMEe0CTa3a CUCTEMBbI
«MaTh — IIJIOZ».

MATEPHAJIBI 1 METO/AbI

OOBEKTOM HCCIIEJIOBAHUS SBUJIUCH ITOJIOBO3peE-
Jible J1abopaTopHbIe KpbIchl IMHUN Wistar (caMKu u
IUIOZBI 20-TO IHS SMOpHUOTeHe3a).

B 1-1i cepuu sKcIiepuMeHTa OepeMeHHBIX CAMOK
MOIBEPTATH MEXaHUYECKOMY BO3JIECTBHIO B BH7IE
o0Imell BEPTUKAJIbHON BHUOpammy Ha BUOPOCTEH/IE,
MOIETUPYIOIeM BUOpanuio kareropuu 3a (obras
TEXHOJIOTHYECKas) ¢ 33JJaHHBIMU ITapaMeTpaMu (4Ja-
cToroit 32 I'1; BUOPOCKOPOCTHIO 50 M/, CTaHAAPTH-
3UPOBAHHOM MO caHUTApHBIM HopMaMm (NO 2.2.4/2
1856696)), B IEPUOJ, C 9-€ TI0 18-€ CyTKU. DKCIO3U-
M BO3JIEHCTBUS COCTaBJIsla 60 MHH B CyTKH. 3a-
JIAaHHbIE ITapaMeTpbl BHOPAIMOHHOTO BO37EHCTBUS
ObUTH TPUOIMIKEHHBIMH K Hambosiee pacrpocTpa-
HEHHBIM Ha COBPEMEHHOM Ipou3BojcTBe [4]. Kon-
TPOJIEM CJIyKWJIa TPYIIa >KUBOTHBIX C WHTAKTHOH

OepeMeHHOCTHIO.
Bo 2-#1 cepun BKCIEpUMEHTA OCYIIECTBIISLIIOCH
XUMHYECKOE BO3JIEWCTBUE — BHYTPUOPIOIIMHHOE

BBeJIeHUE KpbIcaM cyJIbdara KagMusi, PaCTBOPEHHO-
ro B (pUBUOJIOTUYECKOM PACTBOPE, B 7103€ 0.5 MT/KT
B IepecueTe Ha MeTa/I. BHyTpHUOPIOIITHHHOE BBEE-
HHE TAaHHOTO BEIEeCTBA COOTBETCTBYET MHTAIAIINOH-
HOMY IIyTH TOCTYILUIEHHS. 3aTpaBKa KUBOTHBIX OCY-
IIECTBJIsIACh B IIEPHUO], OEPEMEHHOCTH C 1-€ 110 16-€
CYTKHA. B KOHTPOJILHOH TpyIilie BHYTPHUOPIOITUHHO
BBOJIMIN (DHBUOJIOTHUECKUH PACTBOP B SKBHUBAJIEHT-
HOM o0beMe.

Bcero B sKcliepyMeHTE Y4acTBOBAJIA 70 B3POC-
JIBIX JKUBOTHBIX, ITOJIyUEHO U IMPOAHATU3UPOBAHO
420 KUBBIX IJI0A0B (TabJI. 1).

IMOPHOJIOTHYECKHE HCCIIEA0OBAHUSA BKJIIOUATH
nojcuer komdecrsa xeateix Te1 (PKT), uuciaa mect
umitantanuu (M), a Takske KOJMYECTBA KHUBBIX
(OKII) m morumbmiux miogoB (ITIT). Ha ocHoBe aTHX
[MapaMeTpoOB PACCUMTHIBAJICSA IIOKA3aTeab 3MOpPHO-
HAJIbHOW CMEPTHOCTH Ha PA3HBIX CTAJIHAX HIMOpHOTe-
Hesa o popmysiam B.U. [llepbaka (1976):

O61ast sSMOpUOHAIbHAS CMEPTHOCTD (%) =

= (KT — XKII) / KT x 100.
PaHHsA TOCTUMILIAHTAL. CMEPTHOCTD (%) =
= OKT - MI) / KT x 100.
[To3aHASA MOCTUMIUIAHTALl. CMEPTHOCTD (%) =
=IIIT / MU x 100.

bances that occur to ensure that the mother — fetus
system homeostasis is maintained.

MATERIALS AND METHODS

Sexually mature Wistar laboratory rats (females
and fetuses at their 20th day of embryogenesis) were
the subject of the study.

In the first series of the experiment, pregnant
females were subjected to mechanical disturbance
in the form of general vertical vibration at the vi-
bration bed simulating category 3 type a vibration
(i.e. general industrial vibration) with parameters
specified as follows: frequency was 32 Hz, vibration
speed was 50 m/s, vibration was standardized in
compliance with sanitary regulations (No. 2.2.4/2
1856696) and performed in a period from the 9th
to the 18th day. Time of exposure to the disturbance
was 60 minutes per day. The specified parameters
of the vibration disturbance are close to those most
common in today’s manufacturing [4]. A group of
animals with intact pregnancy regime acted as a
control group.

In the second series of the experiment, chemical
disturbance was introduced in the form of intraperi-
toneal administration of cadmium sulfate dissolved
in physiological solution at a dose of 0.5 mg/kg of
metal equivalent to rats. Intraperitoneal adminis-
tration of this substance corresponds to inhalation
route of entry. The exposure was performed in a
period from the 1st to the 16th day of pregnancy.
Equivalent volume of physiological solution was ad-
ministered intraperitoneally in the control group.

The experimental sample included the total of
70 adult animals, and 420 living fetuses were ob-
tained and analyzed (Table 1).

Embryological investigation included calcula-
tion of yellow bodies (YB), implantation sites (IS),
and the number of living (LF) and dead fetuses (DF).
Embryonic mortality at various stages of embryo-
genesis was calculated based on these data using
formulas derived by B.I. Shcherbak (1976):

Total embryonic mortality (%) =

=(YB — LF) / YB x 100.

Early postimplantation mortality (%) =

=(YB — IS) / YB x 100.
Late postimplantation mortality (%) =
= DF /IS x 100.

Body weight gain in females during the preg-
nancy period was taken into account in the experi-
ments, as well as proportion of male and female fe-
tuses.

Embryometric analyses included measure-
ments of body mass and craniocaudal fetus size,

40

Journal homepage: http://jsms.ngmu.ru



Zalavina S.V. et al. / Journal of Siberian Medical Sciences 1 (2018) 38—48

B ombITax yYUTHIBAJIUCH TEMIIBI IIPHOABKK Mac-
CBhI TeJla CAaMKaMH 3a THepuoj 6epeMeHHOCTH, COOT-
HOIIIEHHE CaMIIOB M CAMOK ILIOZIOB. DMOPHOMETPHS
BKJTIOUAJIA OIpE/IEJIEHNe MACChl Tejla U KpaHUOKay-
JIAJIbHOTO pasMepa IUIOZ0B — PACCTOSIHHME OT 3aThI-
JIOUHOTO OyTpa /10 OCHOBaHHUs XBocTa. Kpome TOrO,
[IPOBOMJIACH MACCOMETPHs IIJIAIEHTHI, OPEIEIsI-
¢ ee AUaMeTp, MacCOMETPHPOBAIUCH OPTaHbl ILJI0-
na (cepare, jerkue, me4yeHb, TUMYC, IIOYKH, HAZIIO-
YEYHUKHN).

I ompejiesieHusi 0cOOEHHOCTEH OoOMeHa MU-
KPOD2JIEMEHTOB B KauyecTBe HCCIIElyeMOoro Omocy6-
cTpaTa HCII0JIb30BaJIach IeYeHb OepeMEHHON CaMKH
(1m0 7—10 00pasIOB OT KasKI0H rpymIibl). Beibop me-
yeHUu 00YCJIOBJIEH TEM, YTO OHA SABJISIETCS OJHUM U3
OCHOBHBIX OPTaHOB-/IENIO JIJISI MHOTUX OHO3/IeMeH-
TOB, 00ECITEYNBAET ITPOLIECCHI IETOKCUKAIINK U ITO/I-
JleprKaHusI TOMEOCTas3a B OpraHu3Me CaMKH, T. €. y4a-
CTBYET B PETYJIALIMH BAXKHEHIIIHX IIPOIECCOB, B TOM
YHCJIe U B IEpHo;]T 6epeMEHHOCTH.

TIpoBOAMIIOCH OTIpEZie/IEHHE KOJTMYECTBA CIIEy-
IOIIHX 971eMeHTOB: Kanbiuii (Ca), kagmuii (Cd), mean
(Cu), xeneso (Fe), marauii (Mg), docdop (P), cBu-
Hey (Pb), cesien (Se), muHK (Zn). AHATUTHYECKIE HC-
CJIeJ0BAHMUS BBIIOJIHSIMCH METOZOM aTOMHOM SMHC-
CHOHHOH CIIEKTPOMETPUM C WHAYKIIMOHHO CBA3aH-
HOH aproHoBo# mnazmo# (A9C-UIIC) B mabopato-
pun AHO «IlenTp 6MOTHYECKOH MeauITUHbI» (T. Mo-
CKBa) IT10JT PYKOBOJICTBOM /I-pa Me/I. HayK, Impodecco-
pa A.B. CkasnpHOTO.

Crarucruyeckas 06paboTKa MOJIyIEeHHbBIX KOJIH-
YeCTBEHHBIX JIaHHBIX ITPOBOAUIACH C TIOMOIIBIO T1a-

i.e. the distance from occipital protuberance to tail-
head. In addition, placenta mass was measured, its
diameter was determined, and mass measurements
were performed for fetus organs (heart, lungs, liver,
thymus, kidneys, and adrenal glands).

To identify specific features of metabolism of
micro trace elements, liver of a pregnant female was
used as a biological substrate to be investigated (7—
10 samples from each group). The liver was chosen
due to the fact that it is one of the main depot organs
for multiple bioelements and ensures detoxification
and homeostasis control processes in the female or-
ganism, i.e. it participates in regulation of critical
processes, including in the period of pregnancy.

The quantitative content was determined for the
following elements: calcium (Ca), cadmium (Cd),
copper (Cu), iron (Fe), magnesium (Mg), phospho-
rus (P), lead (Pb), selenium (Se), and zinc (Zn). Ana-
Iytical investigation was carried out using atomic
emission spectroscopy with inductively coupled ar-
gon plasma (ICP-AES) at the laboratory of the Center
for Biotic Medicine (Moscow) headed by Doctor of
Medical Sciences Professor A.V. Skalny.

Statistical processing of the quantitative data
obtained was performed using SPSS software pack-
age; nonparametric difference analysis methods
based on Kolmogorov — Smirnov test were used.

RESULTS AND DISCUSSION

Before presenting the results obtained, it seems
rational to delve into justification of time periods of
exposure to disturbance factors.

Tab6uura 1. XapakTepUCTHKA SKCIIEPUMEHTAIBHBIX TPYIII JKUBOTHBIX

Table 1. Description of experimental groups of animals

OKcnepuMeH-

KoinuecTBo >KMBOTHBIX B

. rpymmnax / Number of ani-
TaJIbHbBIE TPYIIIBl DKCIIEPUMEHTAIbHAS MOZIEJIb (YCIOBUSI BO3/IEUCTBUSL) Isi
Experimental Experimental model (exposure regime) ma’s In groups
group Camku IInozmsr
Females  Fetuses
1-5 cepus akcnepumernma / First series of the experiment
1-51 rpymmna — ®dusnosornuecKass 6epeMeHHOCTh 15 97
KOHTPOJIb Physiological pregnancy
Control group 1
2-5 TpyIIIa BubpanuoHHOe BO3JIEHCTBHE C 9-€ 10 18-€ CyTKU 6EpeMeHHOCTH 25 148
Group 2 Vibration disturbance from the gth to the 18th day of pregnancy
2-51 cepus axcnepumenma / Second series of the experiment

3-s rpyIma — BHyTpUOpIOIINHHOE BBe/[eHIe GU3H0TI0TUIECKOTO PACTBOPA C 1-€ [0 15 81
KOHTPOJIb 16-€ cyTKH 6EPEMEHHOCTH
Control group 3  Intraperitoneal administration of physiological solution from the 1st to

the 16th day of pregnancy
4-4 rpynna BuyrpuGpromnnnoe seienue CdSO, B no3e 0.5 MI/KT ¢ 1-e 110 16-€ ¢yT- 15 94
Group 4 KU 6epeMeHHOCTH

Intraperitoneal administration of CdSO, at a dose of 0.5 mg/kg from the

1st to the 16th day of pregnancy
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KeTa KOMIBIOTEPHBIX IporpaMm SPSS; ncnonap3oBa-
JIUCh HellapaMeTpUyecKue MeTO/bl aHAIN3a PasJiu-
yuii o kpurepuio Koamoroposa — CMupHOBa.

PE3YJDBTATBI 1 OBCYXKIAEHMNE

[lepen u3J0:KeHUEM TOJIyYEHHBIX PE3YJIHTATOB
1es1ecoo6pa3sHO OCTAHOBUTHCS HA 000CHOBAHUU CPO-
KOB, B KOTOPBIE OCYIIECTBJISJIOCH JIEUCTBHE JIeCTabu-
JINBUPYIOIUX (PAKTOPOB.

[Tpu oxazaHuM BO3AEHCTBUS MEXaHUUECKOTO Xa-
pakTepa B Buie 00IIel MPOMBIILIEHHON BUOPAIUU B
JIAHHOU CTaThe MBI IIPUBOJUM PE3YJIHTATHI 11O TPYII-
Ile C PeKIMOM BHOPOBO3AEHCTBUS C 9-€ 110 18-€ CyT-
KU 6epeMeHHOCTH, B TO BPeMs KaK XHMMUYeCcKas 3a-
TpaBKa Cy/Ib(haToOM KaJIMUs OCYIIECTBIISIIACE C 1-€ TI0
18-e cyTku GepeMeHHOCTH. Bo3HUKAeT BOIIpoOC: YeM
00yCJIOBJIEH 9TOT BBIOOP?

s mosydyeHus oTBeTa He0OXOIUMO OTMETHTb,
YTO MO HAIIUM JAHHBIM YyBCTBUTEIBHOCTh CHCTEMBI
«MaTh — IJIOZ» y KPBIC pa3/INYHA U CBA3aHA C IEPU-
0/IOM Hayajia BO3JIEHCTBHUSA M €r0 MPOTSIKEHHOCTHIO
B pa3JINYHble BPeMeHHbIE ITePUOIBI HMOPHUOTEHe3a.
Bubparmontoe Bosetictere (BB) ¢ 1-e mo 6-e cyT-
K1 OepeMeHHOCTH MPUBOJIIIO B 98—100 % ciyda-
€B K THOeJIH IJI0/IOB, UTO CBUJIETETBCTBYET O HEBO3-
MOKHOCTH (POPMHUPOBAHUSA U CTAHOBJIEHUS (DYyHKIIN-
OHAJIBHOM CHUCTEMBI «MaTh — ILJIOA» B BTUX YCIOBHU-
six. Bubparnus ¢ 7-e o 18-e CyTKu — B IIEPHO/T, BKITIO-
YAIOIIUN 3aBepIeHne ATAllOB WMIIAHTAIUH, ILjIa-
[EHTAIHI0, TACTPYJIAINI0 U 000c00IeHHEe OCHOBHBIX
3a4aTKOB, PAaHHUM U MO3IHUN OpraHoreHe3, IpuBe-
Jla K YMEHBIIIEHUIO KOJIUYECTBA MECT UMIUIAHTAIUN
IIOYTH B 3 pasa [0 CPaBHEHUIO ¢ KOHTpoJsieM. Kosu-
YecTBO KUBBIX IIJIOJIOB CHIKaeTcs: B 8 pas (obmas
CMEPTHOCThH ILIOJIOB BO3paCTaeT B 7.5 pasa), KaK 3a
CYET JOCTOBEPHOTO POCTa pAHHEN ITOCTUMILJIAHTAIII-
OHHOU rubesu — B 8.5 pas, Tak U MO3/THEH ITOCTUM-
IUTAHTAITMOHHOU TUOeJTH IUIOZ0B — B 5 pas (Tabir. 2).
ITo-BugrMOMYy, BUOpAITHOHHOE BO3/IEHCTBHIE B ITEPU-
Ol paHHEH TaCTPYJIAIMUA U UMIUIAHTAIIUU SBJISAETCS
CEPHE3HBIM MPENSATCTBUEM K Pa3BUTHIO OEpeMEHHO-
¢ty 1 GOPMHUPOBAHUIO ITOJTHOIIEHHON (PYHKIIMOHAIIb-
HOH CHUCTEMBI «MaTh — IUIOZ». DTOT Pe3yJIbTaT MO/~
TBepskmaer BbIBOJ /[.B. BaymuueBoit [5] o ToMm, 4TO
BUOpAITMOHHOE BO3/IEWCTBHE HA CTAJIUH JPOOJIEHUS
OIJIOJIOTBOPEHHOUN ANIIEKJIETKH U B IIEPUOJ, BaCKY-
JIIpU3aIiy TIANEHThI IPOUCXOAUT B OAUH U3 KPHU-
THYECKUX IEPUOJIOB OEpEMEHHOCTH JIaOOpaTOPHBIX
JKUBOTHBIX. Takoe pajluKaIbHOE COKpAaIl|eHHe UKC-
JIEHHOCTH TIoMeTa y Kpbic (85 % cMepTHOCTH) 3acTa-
BIWJIO UCKJIIOUUTH 3Ty CEPUI0 U3 PAMOK 3KCIEPUMEH-
TaJIbHOI MOJEJIH.

BospeticTBue ¢ 9-€ 110 18- CyTKH COBMEIIAET I1e-
PHOZBI TaCTPYJIAIUN U 000COOIEHUsT OCHOBHBIX 3a-

In the present paper, mechanical disturbance is
applied in the form of general industrial vibration,
and the results shown by the group with vibration
disturbance regime established from the gth to the
18th day of pregnancy are presented. At the same
time, chemical exposure to cadmium sulfate was
performed from the 1st to the 18th day of pregnancy.
Naturally, the question arises what are the causes
for this particular selection?

To answer this question, it should be noted that,
according to our data, the sensitivity of the mother —
fetus system in rats is different and related to the
time the disturbance is applied and its duration at
various periods of embryogenesis. Vibration dis-
turbance from the 1st to the 6th day of pregnancy
caused fetus death in 98—100 % cases, which indi-
cates the inability of the functional mother — fetus
system to be developed and established under these
conditions. Vibration applied in a period from the
7th to the 18th day, i.e. the period that includes fi-
nal stages of implantation, placentation, gastrula-
tion, and separation of critical buds, as well as early
and late organogenesis, caused the implantation
sites to decrease by about three times 3 compared
to the control group. The number of living fetuses
decreases by 8 times (total mortality rate in fetuses
increases by 7.5 times), both due to statistically sig-
nificant growth in early postimplantation mortality
by 8.5 times and late postimplantation mortality by
5 times (Table 2). Vibration disturbance in the pe-
riod of early gastrulation and implantation seems to
be a serious impediment to pregnancy development
and formation of a fully functional mother — fetus
system. This result confirms the conclusion made
by D.V. Balicheva [5] that vibration impact on fer-
tilized ovum at the fission stage and in a period of
placental vascularization affects one of critical preg-
nancy periods in laboratory animals. The radical de-
crease in the rat offspring observed (mortality rate
of 85 %) made researchers exclude this series from
the experimental model.

The exposure regime from the gth to the 18th
day of pregnancy combines periods of gastrulation
and separation of critical buds, and includes late or-
ganogenesis stage in addition to the early one. This
vibration disturbance regime turned out to be the
most convenient for obtaining a sufficient number of
living fetuses for the purpose of performing organo-
metric and mass measurement study on one hand,
and caused a sufficient impact on the mother —
fetus system making it possible to identify the pat-
tern of changes under the disturbance considered.
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YaTKOB, a MOMHMO PaHHETO OpPTraHOTeHe3a, eIlle U
MO3THUH €r0 3Tar. ITOT PEXXUM BHOPOBO3IEHCTBUS
OKazaJics caMbIM YIOOHBIM JIJISl TIOJyYeHHS JO0CTa-
TOYHOTO KOJTMYECTBA JKUBBIX IIO/IOB C IIE€JIHIO BBITIOJI-
HEHHA OPraHO- U MaCCOMETPHUYECKUX HCCIIe/IOBAHUH,
C OZTHOH CTOPOHBI, a C APYTOH — OKazaJjl JOCTATOUHOE
BJIMSTHUE HA CUCTEMY «MaTh — ILIOZ», UTO TIO3BOJIKIIO
BBISIBUTH XapaKTep U3MeHeHUH Py JaHHOM BO3/IEH-
crBun. Tak, BUOPAIMOHHOE BO3/IEHCTBYE B TEUEHUE
10 cyT (c 9-€ 1o 18-€) BBI3BIBAET CHIKEHUE KOJTHYe-
CTBa MeCT UMIUIAHTauu Ha 8.7 % (110 cpaBHEHHIO C
KOHTpOoJIeM). B 3TOT mepuoz o6111ast CMEPTHOCTH ILIO-
JIOB ObLJIa OTYETJIMBO BBIIIIE, UeM B KOHTPOJIE, IOCTH-
ras 68 %, npuueM npeobiasaia paHHAS TOCTHMIIAH-
TaIMOHHAasA CMEPTHOCTD, KoTopas jocturaia 87 %, B
TO BpeMs Kak MO3/HsAs JIUIIb 58 % (cM. Tabi1. 2).

IToCTUMIUTAHTAITUOHHYIO THOEIh IUIONOB MBI
paszenwin Ha JiBe TPYIIbl — PaHHION, IOKa3aTe-
JIU KOTOPOH OTPEEISIIUCh KOJTUYECTBOM Pe30pOu-
POBaHHBIX IUIO/IOB, M IMO3IHIOI, KOTOpas OIpese-
JISI7IaCh KOJIMYECTBOM MePTBBIX ILI0ZI0B. I1o Hamemy
MHEHUIO, Ka’K/IbI MOTHUOINH 3MOPHOH BCKOpE I0-
CJIe UMIUIAHTAuU Ha (QOHE IecTabmIN3UpYIONEro
BO3JIEICTBUS HA OPTaHU3M OepeMeHHOH CaMKH CO3-
JlaeT YCJIOBUSA JIJISI PA3BUTHS OCTABIIUMCS ILIOAAM.
ITO HAXO/IUT CBOE OTPAKEHHE B JOCTOBEPHOM YBEJTH-
YEeHUH MacChl Ha 35—40 % U JUIMHBI OCTABIITUXCS K-
BBIX IUIOJIOB Ha 35 % K 20-M CyTKaM 5MOpUOreHe3sa.
BeposiTHee Bcero, 5To GbUIO CBA3aHO C YMEHbBIIIEHH-
€M YHCJIEHHOCTHU IUIOZIOB, OJ1arofapsi ueMy KaKIbIi
U3 OCTABIINXCS 3MOPHUOHOB MOJIyYaJsl OIpe/ieIeHHbIE
MeTaboINnYecKre IPenMYyIIecTBa.

HceneqoBaHne MUHEPAJIBHOTO OOMeEHA B Ieue-
HU MaTepH MpU BUOPAIUU BBISIBIJIO 3HAUNMOE CHU-
skeHne kosimyectBa Ca Ha 25 %, Mg Ha 15 %, Fe Ha
17 %, HO Ooutbiiee HakomieHue Cd — B 10 pas, Pb —
B 2 pasda u Cu — Ha 8 % II0 cCpaBHEHUIO C KOHTPO-
JIeM, YTO CBU/IETEJTHCTBYET O BBIPAKEHHOM H3Me-
HEHUH IIPOIECCOB TOMEOCTa3a B CHCTEME «MaTh —

Thus, vibration exposure with duration of 10 days
(from the 9th to the 18th day of pregnancy) leads to
reduction of implantation sites by 8.7 % (compared
to the control group). Here, total fetus mortality was
clearly higher, than in the control group, and reached
68 %. Notably, early postimplantation mortality was
prevalent with the rate of 87 %, whereas late postim-
plantation mortality was 58 % (see Table 2).

Postimplantation fetus mortality was divided
into two groups, namely early postimplantation
mortality, whose indicators were defined by the
number of resorbed fetuses, and late postimplan-
tation mortality defined by the number of dead fe-
tuses. We believe that each embryo dying soon after
the implantation under destabilizing disturbance
affecting the organism of the pregnant female con-
tributes to better development conditions for the
remaining fetuses. It is reflected by statistically sig-
nificant weight gain and length gain in the remain-
ing living fetuses of 35—40 % and 35 % respectively
by the 20th day of embryogenesis. It is most likely
associated with decrease in the number of fetuses.
Thus, each of the embryos remaining received cer-
tain metabolic advantages.

Investigation of mineral metabolism in the
mother’s liver under vibration revealed a decrease
in content of Ca by 25 %, Mg by 15 %, and Fe by 17 %,
but accumulation of Cd by 10 times, Pb by 2 times,
and Cu by 8 % compared to the control group, which
indicates a pronounced change in homeostasis pro-
cesses in the mother — fetus system. It is known
that stress factor of the vibration disturbance causes
a negative magnesium balance [6]. Gastropathy and
hepatopathy developing under vibration disease [7]
lead to poorer bioelement absorption in gastrointes-
tinal tract. Damage in proximal nephron segments
in the mother’s kidneys under vibration [8] causes

Tab6ouna 2. 9MOPHOHATBHBIE [TOKA3ATEJH [TPYU BUOPAIOHHOM BO3/IEHCTBUU BO BpeMs 6epeMeHHOCTH (%)
Table 2. Embryonic parameters under vibration disturbance during pregnancy (%)

KosinaectBo T'ubemnn
Cpoxku BB, cyr Quantity (M +m) Mortality (M +m)
Vibration distur- KuBbIX IUI00B  MepTBbIX 110~ O61mas Pannasg noctuMIuIad- 11034HAA IOCTUM-
bance regime, days Living fetuses noB / Dead Total tarnuonHas / Early IaHTanuoHHasn / La-

fetuses postimplantation te postimplantation

Kountpouis / Control 8.67 + 0.52 0.33 + 0.03 11.36 £ 0.30 7.59 + 0.21 3.70 £ 0.230
7—18-e / 7—18 1.33 £ 0.99% 0.67 £ 0.46* 85.72 + 1.50*% 64.29 + 1.50% 20.01 + 0.99%
9-18-e / 9—18 7.46 £ 0.69 0.46 + 0.14* 19.16 £ 0.50% 14.19 + 0.44* 5.83 £ 0.14*

* OTImIme J0CTOBEPHO 110 CPABHEHHIO ¢ KOHTPOJIEM IIPHU P < 0.05.

* The difference is statistically significant compared to the control group at p < 0.05.
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wioz». VI3BecTHO, UTO CTpeccoBBIA dakTop BUOpa-
[IMOHHOTO BO3/IEWCTBUS BBI3BIBAET OTPHUIATEID-
HBIH GastaHc Maruus [6]. [Ipu BUOparimoHHHON 60-
sie3Hn (GOPMUPYIOTCA TacTPONATHSA M Trelarola-
T [7], IpUBOASIINE K CHUKEHUIO YCBOEHUs OHO-
5JIEMEHTOB B JKEJIyJOUHO-KHUIIIEYHOM TpakTe. [lo-
BpEXJEHUs B IPOKCUMAIBHBIX OT/esax Hedpo-
Ha TIOYKH MaTepu Iipu Bubpamnuu [8] obycioBiauBa-
IOT CHIDKEHHYIO PeabCcopOIINIO SCCEHITUAIBHBIX DIe-
MeHTOB. BesencrBue dbopmupyomerocsi xoyecrasa
B IleUeHU Npu BUOpanuu [9] 3aTpyAHsAETCS BhIBEE-
HU€e M€JIH C YKeTUbI0 U3 revyend [10]. Okosio 20 % 3H-
JIOTEHHOTO CBUHIIA HAXOAUTCSA B COCTaBe cKesera. B
CUTYaIUsX, BEAYIINX K IEMUHEPTH3AIUN KOCTHOM
TKaHU, MPOUCXOAUT MOOWJIM3AIUsA CBUHIIA U3 €ro
KOCTHBIX JIenlo U ()OPMUPOBAHUE CBUHI[OBOTO TOK-
cuKo3a. B cBA3U ¢ ycusieHneM Harpy3KH Ha OIIOPHO-
JIBUTATeJIbHBIN alllapaT MaTepu HIpH BUOpAINU
MIPOUCXOUT MOBBIIIIEHNE MUHEPATU3AIUU U JIOJTH
KOMITAKTHOH KOCTH, YBEJIMUEHUE TOJIIUHBI B 00-
JlacTu cpefHel Tpetu auadusa ¢ OJHOBPEMEHHBIM
YKOpPOUEeHUEeM O0IIel JTUHBI OeIpeHHON KocTH [11].
[TepecTpoiika KOCTHOW TKAHHU OCYIIECTBJISETCS IIy-
TEM YCUJIEHUA JIBYX Pa3HOHAINPABJIEHHBIX IMPOIIEC-
COB — pe3opbuuu u GOPMUPOBAHUSA HOBBIX CTPYK-
TYpP KOCTHOU TKaHH. Pe30pOIius KOCTH MPUBOIUT K
MIOCTYIJIEHUIO U3 KOCTHBIX JIETIO B AaKTUBHBIH KPOBO-
TOK MUHEPAJIbHBIX BEIIECTB, B TOM YUCJIE U TOKCHY-
HbIX (CBUHIIA, KayiMusl U Meziu). Kpome Toro, ycue-
HUe MUHepain3anuu O0e[peHHON KOCTH IOJ| BIIUSI-
HUeM BHUOpAIUU BBI3BIBAET IepepacIpe/iesieHue 3¢-
CEeHITMAIbHBIX OWO03JIEMEHTOB U IIOBBIIIEHHOE II0-
CTYIZIEHUE B CTPYKTYPBI OIIOPHO-ABUTATEIHHOTO all-
rmapara KaJbI[Us U MarHus, YTO IPUBOJAUT K UCTO-
IIIEHUIO UX 3aT1aCOB B IIEUEHU MaTepU.

Bo 2-i1 cepuu 3KCIIEpUMEHTA OCYIIECTBJISIIOCH
BO3lelicTBHE CYJIb(ATOM KaMUA C 1-€ 0 16-e CyT-
KU1 OepeMeHHOCTH, T. €. B IEPHO/ OJ1acToreHesa, M-
IUIAHTAIUY ¥ OpraHoreHe3a Iioza. Bo 2-ii cepuu 10-
CTOBEPHO BBIpOCJIA 00IIas 3MOpPHOHATIbHAS CMEPT-
HOCTh — OoJsiee yeM B 10 pa3 M COCTAaBWIA 29.44 +
+ 8.79 % npotus 2.11 + 1.38 % B KOHTPOJIBHOH I'PyTI-
bl (puc. 1). JIonMILIaHTAIOHHAS CMEPTHOCTD TLJIO-
JIOB yBeJIMYUiIach Oosee yeM B 6 pa3s. [locTuMIuiaH-
TaIMOHHAs THOENb IUIOZIOB B 4-H TPYIIIEe TAKKe J0-
CTOBEPHO BbIpocya Oosiee ueM B 2 paza. Takum 00-
pa3oMm, OCTYIUIEHHE KaJIMUs C TIEPBBIX CyTOK Gepe-
MEHHOCTH IIPUBOJUT K POCTY I'HOEH IJIOZIOB 32 CYET
[IPEUMYIIIECTBEHHOU UX CMEPTHOCTH B JIOMMILJIAHTA-
IIMOHHBIN MTePUO/I. DTO MOATBEPIKAAET MEXaHU3M pe-
TYJISAIMN YUCJIEHHOCTU IUUTO/IOB cCaMKOU Ha (OHe /ie-
CTabMIN3UpYIoIero hakTopa, AeHCTBYIOLIETO JI0 Ha-
yajia UMIUIAHTAI[Ud — SHEPTEeTHYECKHU ]I KPBICHI
BBITOAHO a0OPTHUPOBATH IUIOABI B HAYATIBHBIN MTEPHU-

lower reabsorption of essential elements. Cholestasis
formation in the liver under vibration [9] leads to ob-
structed biliary copper excretion from the liver [10].
It is known that about 20 % of endogenous lead is
concentrated in skeletal tissue. When there are con-
ditions, which cause bone tissue demineralization,
the lead from bone depots is mobilized, and lead
toxicosis develops. Higher load on the mother’s lo-
comotor system under vibration leads to increased
mineralization and compact bone substance, as well
as thickening in the middle third of the diaphysis
with simultaneous overall femur shortening [11].
Bone tissue rearrangement occurs via intensification
of two opposite processes, i.e. resorption and forma-
tion of new bone tissue structures. Bone resorption
leads to entry of mineral substances, including toxic
ones (lead, cadmium, and copper) from bone de-
pots to the active blood flow. In addition, stronger
femur mineralization under vibration causes redis-
tribution of essential bioelements and intensified
calcium and magnesium entry in locomotor struc-
tures, which leads to depletion of their reserves in
the mother’s liver.

In the second series of the experiment, expo-
sure to cadmium sulfate was performed from the
1st to the 16th day of pregnancy, i.e. in the period
of blastogenesis, implantation and organogenesis
in the fetus. Here, statistically significant increase
in total embryonic mortality by more than 10 times
was observed, with its value reaching 29.44 + 8.79 %
compared to 2.11 + 1.38 % in the control group
(Fig. 1). Preimplantation fetus mortality increased
by over 6 times. Postimplantation fetus mortality
in group 4 demonstrates statistically significant in-
crease by over 2 times as well. Thus, cadmium entry
from the first day of pregnancy leads to higher fetus
mortality for the most part due to preimplantation
deaths. It confirms the mechanism of fetus quantity
regulation in females exposed to destabilizing factor
before the implantation, i.e. aborting fetuses at the
initial pregnancy stage is more favorable for a rat in
terms of energy than at the late stage. Thus, a nega-
tive correlation is established between preimplan-
tation and postimplantation fetus mortality, spe-
cifically the higher the preimplantation mortality,
the lower the postimplantation fetus mortality [12].
The total number of fetuses, as well as their mass
and size go down upon cadmium administration
(see Fig. 1). Mass measurement study of elements
of the mother — fetus system shows a reduction in
weight gain in females by the 20th day of pregnancy
of 11 %.
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or1 6epeMeHHOCTH, YeM B ITO3THUH CPOK. DTO IIPUBO-
JIUT K (OPMUPOBAHUIO OTPUIIATEIEHON KOPPEJIAIU-
OHHOM 3aBUCHMOCTH MEXJY IIOKA3aTEeJISIMU JIOMM-
IUIAHTAIIMOHHONH W MOCTUMILIAHTAIIMOHHON Tube-
JI¥ IIJIOJTOB — YEM BBIIIIE YPOBEHD JOUMILIAHTAIINOH-
HOH TubesTH, TeM HIKE YPOBEHb IMOCTUMILIAHTAIU-
OHHOU CMEPTHOCTH ILIOZIOB [12]. ObIIee KOIUuIecTBO
IUTOJIOB, UX Macca ¥ Pa3Mepbl IPU BBEZEHUN KaMUsI
yMeHbIIaoTes (M. puc. 1). IIpu maccomerpmyeckom
HCCJIEIOBAaHUU 3JIEMEHTOB CUCTEMbBI «MaTh — ILJIOJ»
BBISIBJIEHO CHIDKEHME TPUOABKU MACCHI TeJIa CAMKH K
20-My JHIO 6epeMeHHOCTH Ha 11 %.

W3BecTHO, 4YTO KagMUU 3aMezjisfeT IIpolec-
Cbl IpOOJIEHUsI, CHIDKAET BACKYJIAPU3ALIMIO SHI0-
MeTpUs, HapylIaeT IIPOLEeCChl UMIUIAHTAIIUN SHIe-
KJIeTKH, hopMupyeT (GeToIUIalleHTapHYI0 HeI0CTa-
TouHOCTh [13]. Hamm maHHbIe MOKa3ai, 4To Macca
TeJla CAMKH yMeHbIIIaeTcs Ha 12 %, UTo Ipexk/e Bee-
T'O CBI3QHO CO CHIDKEHHEM PENPOAYKTUBHOU HATPY-
ku. [IpuMeuaresbHO, YTO YMEHBIIIEHHE MACChl Teja
U OPTaHOB IUIOZA COYETAETCS C YBEJIMUYEHHEM Mac-
CBI IUIANIEHTHI. I3BECTHO, YTO TPU TUIIOKCUU Mare-
PHUHCKOTO OpraHn3Ma KOMIIEHCATOPHO YBEJINUNBAET-
cs1 TIOBEPXHOCTh M Macca IUIAIeHThI, HApacTaeT eM-
KOCTh KaIWIIAPHOH ceTH, ee dheTarbHON vacTu [14].
BBeneHre kaMusl IPUBOUT K M3MEHEHHUIO COOTHO-
IIEHUsI CAMIIOB ¥ CAMOK B IIOMETE, a HMEHHO — IIPO-

30 7]
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20 7

15 7
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o
1 2 3 4 5 6
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Cadmium is known to slow down fission pro-
cesses, reduce endometrium vascularization, disturb
ovum implantation processes, and cause fetopla-
cental failure [13]. Our data have shown that body
mass in females decreases by 12 %, which is primar-
ily caused by lower reproductive load. Remarkably,
reduction in fetal organ and body mass is accompa-
nied by increase in placental mass. It is known that
hypoxia in the mother’s organism leads to com-
pensatory increase in placental surface and mass,
capillary network capacity, and its fetal part [14].
Cadmium administration leads to changes in pro-
portion of male and female offspring, specifically
the average number of males decreases by almost
3 times.

From the perspective of mineral metabolism,
cadmium administration leads to decrease in content
of Ca and Mg in the mother’s liver by 30 % and over
2 times respectively compared to the control group.
Meanwhile Cd content increases by 30 times, Pb con-
tent by 3 times, and Se content by 27 %. Content of
Cu, Fe, P, and Zn does not change significantly com-
pared to the control group. Development of imbal-
ance in essential micro- and macroelements under in-
creased cadmium entry into organism leads to higher
incidence of miscarriages, premature deliveries, and
pregnancy and fetal pathology [15]. Accumulation of

OO61ast 5MOpHOHATbHAS CMEPTHOCTh
(kommuecTBO 0cobein)

Total embryonic mortality

(number of specimens)

JlouMILIaHTaI[MOHHAS CMEPTHOCTH (%)
Preimplantation mortality (%)

IocTUMIUIAaHTAI[IOHHAS CMEPTHOCTD (%)
Postimplantation mortality (%)

Koin4ecTBO MEpPTBBIX ILJI0/I0B
Quantity of dead fetuses
(number of specimens)

8

Puc. 1. ITokasaTesin SMOPHUOHAILHONM CMEPTHOCTH B YCJIOBUSIX BBEIEHUA KaJAMUA (CTOJIONSI 1, 3, 5, 7 — TPYIIIIBI KOHTPO-
JIST; CTOJIOIBI 2, 4, 6, 8 — IPYIIIIBI C BBEJIEHUEM KaMUSI)
Fig. 1. Embryonic mortality indicators under cadmium administration (columns 1, 3, 5, 7 are control groups; columns 2,
4, 6, 8 are groups with cadmium administration)
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HCXOJIUT YMEHBIIIEHHE CPEHETO KOJIMUECTBA CAMI[OB
[IOYTHU B 3 pasa.

B MuHepasbHOM 0OMeEHE BBeZIEHVE Ka/IMUS TIPU-
BOJIUT K CHIDKEHUIO KoJstruectBa Ca Ha 30 %, Mg 6osiee
YyeM B 2 pas3a B [I€YeHU MaTepU 110 CPABHEHUIO C KOH-
TposieM. YBennuuBaercs cojep:kanue Cd B 30 pas,
Pb B 3 pasa, Se Ha 27 %. Yposenb Cu, Fe, P u Zn 3Ha-
YUMO He U3MEHSETCS 110 CPABHEHHIO C KOHTPOJIEM.
®opmupoBaHue aucbHaaHCa 3CCEHIUATBHBIX MHU-
KpO- ¥ MaKpO3JIEMEHTOB IIPU ITOBBIIIEHHOM ITOCTY-
IUTEHUH KQJIMUSI B OPTaHU3M IPHUBOJUT K POCTY Ya-
CTOTBI BEIKU/IBIIIEH, TpeXK/IeBPeMEeHHBIX POJIOB, (hop-
MHUPOBAHHUIO IATOJIOTUY OEpEMEHHOCTH U 110712 [15].
HakoruteHrne TsKeTBIX META/UIOB 00YCJIOBJIMBAET
BBITECHEHHE MarHus U3 GMOXUMUYECKHUX IIPOIIECCOB,
9TO MOJITBEPIK/IAET U TOT BaKT, UTO y fieBouek r. Ho-
BOCHOUPCKA B YCJIOBUAX HAKOIUIEHUs KaJMHS Mar-
HUH ABJsAeTcA JlepUIUTHBIM 3eMeHToM [16]. CHH-
JKeHHe KOHIIEHTPAINU MarHus B 9 pa3 B CBIBOPOTKE
KpoBU OepeMeHHBIX BBISIBJIEHO IIPU Pa3BUTHUU IIpe-
sxiamncun [17]. [IpuBoasTCa cBeJleHHUs O TOM, YTO
UCIOJIb30BaHUE Cyabdara MarHus s npoduiak-
THUKU TPEKAEBPEMEHHBIX POJIOB CHIKAET PUCK Pas-
BUTHUS IATOJIOTUU HOBOPOXK/IEHHBIX [ 6, 18, 19].

060011124 TTOJTyYeHHBIE PE3YJIBTATHI, MOXKHO OT-
METUTB, UTO OepeMeHHast CAMKA B YCJIOBUSIX BJIUSHUS
ZlecTabrn3upyoomux GakTopoB Pa3IMyHON IPUPO-
ZIbl BKJTIOUA€eT YHUBEPCAJIbHBIE MEXaHIU3MBI PEarupo-
BaHUS HA HUX, & UMEHHO — OCYII[ECTBJISIET aJjarTa-
IIMIO 32 CYET ILJIOZIOB, IPUXO/Is K 00I1Iel «9KOHOMUU»
cBouxX MOP(ODYHKIHMOHAIBHBIX PECYPCOB B Upe3-
BBIYAHHBIX 00CTOsITENbCTBAX. [Ipy 3TOM pe3opOIus
ILJIOZIOB TIPOMCXOJIUT HA CPOKaX, Haubosiee mpubIIn-
JKEHHBIX K HAUaJIy SKCTPEMAJIBHOTO BO3/IEHCTBUA. B
ciIyuae BUOPOBO3/IEHCTBUA C 9-€ 110 18-€ cyTKu Oepe-
MEeHHOCTH (IIePHO7 TIOCJIe UMILIAHTAIMK) JIOMUHU-
pyeT paHHAS MOCTUMIUIAHTAIFIOHHAS THOEeshb ILIO-
JTOB, a TIPY BBEJIEHUH KaJMUs C 1-€ TI0 16-e CyTKHU Oe-
peMeHHOCTHU ITpeobsIaiaeT JOMMILIAHTAIIIOHHAS TH-
6esp. Takum obpa3om, GepeMeHHON caMKe SHepre-
TUYECKU 00JIee BBITOTHO M30ABUTHCS OT OIpeieIeH-
HOTO KOJINYECTBA IUIO/IOB B HAanbO0JIee paHHIE CPOKU
OepeMeHHOCTH, YTO CO37ACT JIYUIIINE YCIIOBUS PA3BU-
THS JIJIA OcTaBIIuXCs ocobeli. Kpome Toro, TOT dakr,
YTO y MOAOIBITHBIX CAMOK 3JIMMHUHUPOBAJIUCH IIpe-
JKJIe BCETO IUIO/IBI MY?KCKOTO I10J1a, CBH/IETEILCTBYET
00 U3MEeHEeHUH XapaKTepa PENpOAyKTUBHOH cTpare-
THU CaMOK IOl BIMSHHUEM 5KCTPEMAaJIBHOTO (haKTO-
pa. Tak mpoUCXOUT EPEXOA OT XapaKTEPHOTO JJIs
HOPMAaJIbHBIX YCJIOBUU «IIPUYMHOKEHUS PasHOO6Opa-
3US» K «IIPUYMHOKEHUIO YHCJIEHHOCTH» 34 CUeT CO-
XpaHeHUs 0cobel KEHCKOTO T10J1a.

heavy metals leads to magnesium displacement from
biochemical processes, which may be illustrated by
the fact that magnesium was a deficient element in
girls from Novosibirsk under cadmium accumulation
[16]. Magnesium concentration reduction by 9 times
in blood serum of the pregnant was detected under
preeclampsia [17]. The data are available that the use
of magnesium sulfate for premature delivery prophy-
laxis reduces the risk of pathology development in
newborn [6, 18, 19].

If we generalize the results, then it may be noted
that universal response mechanisms are manifested
in pregnant females under destabilizing factors of
various nature. To put it more specifically, adapta-
tion occurs at the expense of fetuses, which results in
general saving of morphofunctional reserves in emer-
gency situations. Here, fetus resorption occurs closer
to the time, when extreme disturbance arises. Early
postimplantation mortality prevails under vibration
disturbance from the 9th to the 18th day of pregnancy
(period after implantation). In turn, preimplantation
mortality prevails in case of cadmium administration
from the 1st to the 16th day of pregnancy. Thus, dis-
posing of a certain number of fetuses at the earliest
possible period of pregnancy is more favorable for
a pregnant female in terms of energy, while ensur-
ing better development conditions for the remain-
ing specimens. In addition, the fact that male fetuses
were primarily eliminated in females under study
indicates the change in the reproductive strategy of
females under extreme disturbance factor. Thus, a
transition from accruement via variety, which is typi-
cal for normal conditions, to accruement via quantity
due to preservation of female specimens occurs.

CONCLUSION

The embryonic loss indicators obtained show the
capability of pregnant animals (mother organisms)
to maintain overall functioning of the mother —
fetus system under complicated conditions at the ex-
pense of selective loss and disposal of a number of el-
ements. The study of mineral metabolism in both se-
ries of the experiment indicates the development of
hyperelementosis of a group of toxic trace elements
with simultaneous development, for the most part,
of hyperelementosis of vital chemical elements. The
regularities revealed undoubtedly reflect homeosta-
sis disturbances in the mother — fetus system and
represent biochemical causes for development of
various pathological deviations under extreme dis-
turbances.
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SAK/IIOYEHMHE

BrIsiBJIEHHBIE TTOKA3aTeId SMOPHUOHAJIBHBIX TI0-
Tepb YKa3bIBAIOT Ha CIIOCOOHOCTh OEPEMEHHBIX K-
BOTHBIX (MAaTEPUHCKOTO OpraHU3Ma) B CJIOXKHBIX
YCJIOBUSIX TIOMIEPIKUBATD J1€€CIIOCOOHOCTh (DYHKITH-
OHAJILHOM CHUCTEMBI «MaTh — IJIOZ[» B I€JIOM, IIyCTh
U ¢ U30UpATEIbHOU TTOTEPEN YacCTH CBOWIX BJIEMEH-
ToB. VcenenoBanue MuHepajJbHOTO obMeHa B obe-
UX CEPUSX SKCIIEPUMEHTA CBU/IETEILCTBYET O PA3BU-
TUH TUIEP3JIEMEHTO3a TPYIIIBI TOKCUYHBIX MHKPO-
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