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The complete obstruction of the extrahepatic hiletsl (COEHBD) in the experiment is accompanied bygha in the
liver, which can display its function decompensatiohich causes the death of animals. The purpbde®qroject was to study
the liver morphological changes in experimental C8Bk depending on the obstruction duration and thetatity associated
with it. The simulation of COEHBD was performed drats by ligation and transection of the choleddetimals were sacrificed
on the 3rd, 7th, 14th, 21st, 28th and 35th daystdttgical and morphometric liver studies wereiearout. Pathological changes
in the liver were progressive at the peak of léth&V out of 11 dead animals) within the last tweeks of the experiment and
were characterized by: proliferation of the bilectdy proliferation and hyperplasia of hepatocytes, growing number of
sinusoidal cells, fibrosis with a complete losstloé normal liver histoarchitectonics and replacofgits parenchyma with
proliferating. bile ducts. The morphological sigm&ceding the liver function decompensation, whiclaccompanied by the
mortality peak with COEHBD, are: the maximum valugha portal zones density index and the sinusaghatocytes number,
the nuclear-cytoplasmic hepatocytes ratio reductfier the previous maximum, which accordingly eefs the maximum
proliferative activity of the bile ducts and thetiaity of sinusoidal cells against the backgrourdhe hepatocytes proliferative
capacity reduction.

Key words: experimental cholestasis, complete obstructiahehile ducts, liver morphology, morphometry.

The study is a fragment of the research projectdttiees of the tissue inflammatory response depgmatinthe kind of
etiology and the disease localization” (2016-20Xkate registration No. 0117U000511.

Biliary obstruction is a frequent complication @ftth tumor and non-tumor diseases of extrahepatic
bile ducts. Its main clinical manifestation is jdice, which laboratory sign is the blood serum
hyperbilirubinemia. The prolonged obstruction of gxtrahepatic bile ducts inevitably leads to ther|
failure development [2].

The most common method of biliary obstruction expental modeling is the bile ducts ligation.
To reproduce a complete and prolonged obstrudigation must be supported by the bile duct tratisec
between the ligatures [1, 9]. In rats and othemats, ligation of the common bile duct without its
transection is accompanied by recanalization astration of bile outflow [10].

Morphological changes in the liver with biliary dhstion are characterized by the development
of alteration and acute inflammation, bile ductsliferation, fibrosis and, ultimately, the liverdiosis
development [5].

It should be assumed that under conditions of tmptete extrahepatic bile ducts obstruction
(COEHBD), within certain terms, histological chasge the liver will reflect the compensatory aldg
breakdown of both the liver and the body as a whaelkéch, in its turn, leads to the death of animals

The purposeof the work was to study the morphological charigehe liver with experimental
COEHBD, depending on the obstruction duration &edassociated mortality.

Materials and methods.In the experiment, male rats weighing 270-310 gt le the standard
laboratory conditions, were used.

The operation was performed under antiseptic cmmdif with general anesthesia. After
laparotomy, the choledoch ligation and its transacbetween the two ligatures were performed (36
animals) [11]. The total of 10 non-operated aninsalwved as a control.

Animals were sacrificed on the 3rd, 7th, 14th, 228th and 35th days. The content of serum
bilirubin was determined by the standard methoce Tiver was sampled and fixed in 10% formalin
solution. Histologic specimens made by the standethod were stained with hematoxylin and eosin and
according to the Van Gieson method. Morphometrialymis was performed. The software for
morphometric studies was ImageJ.

Proliferation of the bile ducts was quantified bg bile ducts number (BDN) in the portal zones and
the portal zones density index (PZDI) — the calkadaatio of the portal zones volume to the tdtaue
volume [6]. In order to assess the sinusoidal celbponse, their number was assessed in a givdrofie
view, which was taken to be 5.6 x*10n2, and the sinusoid-hepatocytes number (SHN) Vgasracorded
as the number of sinusoids per 1000 hepatocytesthEoquantitative assessment of hypertrophy, the
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hepatocytes area (HA) and the nuclear-cytoplasatio (NCR) were taken into account - the ratiolaf t
hepatocytes nucleus and cytoplasm area. The defjffibeosis was assessed according to Ishak, g]al.

The experiment was carried out in compliance with tequirements and provisions of the
“European Convention for the Protection of Vertédranimals used for Experimental and Other Scientif
Purposes”, 1986.

Results and their discussionOf the 36 animals with COEHBD, 11 (30.5%) rats di@idhin the
terms of up to 7 days of the experiment - 2 anipfaden the 8th to the 14th day of the experimeete¢h
were no deaths; from the 15th to the 21st day<2diad; from the 22nd to the 28th day - 5 aninfatsn
the 29th to 35th day - 2 animals.

The total blood bilirubin level and micromorphoneindices of the liver are presented in table 1.
The total bilirubin level in all periods of the esqgment was significantly exceeded the norm, theimam
value of the index was recorded on the 3rd day.histelogic specimens study revealed that 3 datgs af
the COEHBD, the blood vessels edema and congestom observed with their leukocyte infiltration. In
all cases, there were focal hepatocellular necrdSmsultaneously, proliferation of the bile ductsda
hepatocytes was observed.

On the 7th day, the severity of acute inflammasa@ns - edema, vascular congestion and their
leukocyte infiltration - was reduced. However, thenber of sinusoidal cells was significantly in@ea
compared to the three days lasting COEHBD (see tHblRare porto-portal septa occurred, mainlytdue
the newly formed bile ducts and the connectivaugsscaffold of fine collagen fibers.

Table 1
Blood bilirubin level and micromorphometric parameters of the liver with COEHBD in various periods
of the experiment

. . Control, 3rd day, 7th day, 14th day, 21st day, 28th day, | 35th day,

Experimental period n=10 n=3 n=4 n=6 n=6 n=a n=2
Iﬁq‘g‘l'”b'o"d bilirubin, 816 247*+20 185210 1807 122416 102417 1241
PZzDlI, 0.01 0.063 0.07 0.15 0.27 0.34 0,39
cm¥cm? +0.005 +0.01* 6+0.02 +0.04* +0.08* +0.07 +0
BDN, abs. 1+0.1 3.6+0.2* 12.2+2,8* >20 >20 >20 >20
Fibrosis, degree 0 1 1-2 4-5 3-4 3-4 4
SHN , units per 1000 374192 506+58* 697+118* 8201106 1134+194* 953+135 888135
HA, un? 180450 177424 160+48 164+22 166+27 206*+27 199+2
NCR pum? pm? 0.21+0.05| 0.43%0.02 0.45+0.08 0.53+0.03 0.44+0.03 .32£0.01 0.34+0.01

Note: *- a statistically significant difference €0.05) between the indicator of a certain experiald¢ime period and the same indicator
of the previous time period.

On the 14th day of COEHBD, the cholangiocytes feadition continued to grow with signs of
fibrosis and the liver histoarchitecture reorgatiarawas observed. Newly formed bile ducts, ade, did
not form lumens; within the cellular compositiontbe extended portal zones were cholangiocytes and
their predecessors, oval cells. Formation of midtgorto-portal septa due to cholangiocytes pnaiien
and fibrosis was observed. The changes spread ti¢lgerportal zones and septa into the parenchyma of
the lobules, forming roughness of their contouepasation of hepatocytes, formation of false lobule
There were focal hepatocellular necroses. The moation of the tendency to the increased number of
sinusoidal cells was recorded.

On the 21st day of the experiment, cholangiocytelferation processes are growing, the correct
lobular structure of the liver is completely loahd the preserved parenchyma is represented hyi¢te
of false lobes, or by groups of hepatocytes thee hast their beam structure and are surroundetehyy
formed cholangiocytes with various degrees of daffiéiation - from oval cells to mature ones. Newly
formed cholangiocytes and bile ducts, as a rueeaacompanied with weak fibrosis in the form oérader
network of thin collagen fibers. However, Van Giestaining showed a distinct presence of connective
tissue fibers only in the areas of the preexissigygta and their absence in the liver parenchyniacement
areas with newly formed cholangiocytes.

At the end of 28 days there is a further increasehe cholangiocytes and oval liver cells
proliferation, which occupy an even larger aretnefsection (table 1).Frequently, hepatocytesraamged
in groups separated from each other, without fognfadse lobules. Fibrosis is a delicate network of
collagen fibers in septa without penetrating inte tperiphery, into the zones of cholangiocytes
proliferation. Rare focal hepatocellular necrosesabserved.

On the 35th day, the proliferation of cholangiosyéad oval cells is extremely pronounced (fig.
1) and the microscopic picture is similar to theserved with the 28-days COEHBD. Considering the
morphometric parameters, a slight increase in P#i@labsolute number of sinusoidal cells and ths SH
can be observed (table 1).
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ISR e The complete obstruction of the extrahepatic
‘ bile ducts (COEHBD) is accompanied by significant
mortality: 11 (30.5%) out of 36 animals died. Dgrin
the first two weeks of the experiment, 2 rats dhed
the 2nd and the 3rd days. Mortality in such anyearl
period may be due to the acute pathology, or a
consequence of technical errors in the operation.
During the 3rd week of the experiment, the letlyalit
was not significant - 2 rats died. The peak of wmddxt
falls on the last 2 weeks of the experiment - fraign

to 35 days - 7 animals died. It should be notetldb&

; s @ of 8 rats planned to be sacrificed on the 35th daly;

" Fig. 1. Liver on the 35th ayofthe experimensdders  tWO had remained by this date. On a provisionakbas
?f ttfilgna::vegctw:toa;f:ri]tgﬁttr::: Wiﬁ“gﬁ%?g; iz)ecimtov% this permits to conclude that the mo_rtality rate fo
cuerlllz can bye seen. Hpepatocy);es are located ingﬂepagroups. COEHBD to the 35th_ day of the experiment amounts

to 75% (6 out of 8 animals).

At all stages of the experiment, the animals hadoals macroscopic signs of cholestasis, the
bilirubin level was also high without significangrtmics, which indicates the irreversibility of tdstasis,
i.e., the absence of the common bile duct’s re¢zat@n. As in other studies [5], these data confihe
reliability of the model with ligation and transext of the common bile duct in the simulation ohgaete
and prolonged obstruction of the extrahepatic @hilets. The model with choledoch ligation withowt it
transection, frequently used in research, is inadtgto display the processes occurring in the liigh
COEHBD, because already on the 7th-12th days, adization of the common bile duct and restoration
of bile outflow occurs [1, 4, 12], which is accomged by a significant blood bilirubin content retlan
after 14 days of the experiment [4, 12].

The revealed histopathological changes in the lvigh COEHBD correspond to the results of
other studies [2, 8] and are characterized by fgassof acute inflammation and alteration, most
pronounced at the beginning of the experiment, n@ssive bile ducts proliferation, with replacemeht
functionally active parenchyma, fibrosis, and,ralitely, gross violation of the liver histoarchitget.

These processes are accompanied by the resposiseisdidal cells, which include Kupffer cells,
Ito cells, endothelial cells and others that ax@lived into the inflammatory response developmerihe
liver, collagen synthesis, collagenase-inducedti@as; have a growth stimulating effect on hepatesy
[8]. The reflection of these effects is the obsdriverease in the SHN with the maximum value orthst
day of the experiment and the subsequent slighriedse in this index.

One of the main histopathological manifestationshef obstructive cholestasis is the bile ducts
proliferation; micromorphometric indices reflectitigis process are the BDN and PZDI. Throughout the
whole experiment, their growth has been observablgtl). The maximum growth rate of PZDI, in
comparison with the previous terms, was fixed @n3td (compared to the control, p <0.001) and en th
21st day (compared to 14 days, p<0.01).

Under these conditions, a progressive replacenfetiteohepatocytes volume with proliferating
bile ducts occurs, fibrosis develops and a compgtete of the normal histostructure results in thise
lobules formed, and on the 28th and 35th daysdrmthangement of hepatocytes into separate greues,
without the formation of false lobules. At the satimee, micromorphometric indices of HA and NCR
reflect compensatory-adaptive processes of pralitem and hyperplasia of hepatocytes [7].

A sign of the hepatocytes proliferation activatism growth of the NCR index, accompanied by a
HA reduction, which is observed up to 14 days, meaiching a statistical value in comparison with the
previous terms. Such changes are a consequenbe bfcreased functional load on hepatocytes. On the
21st day, a reliable decrease in the area of thalei and NCR (compared to the 14th day, p<0.85) i
observed, which is displayed by a reduced prolifenaof hepatocytes (table 1). The increased HA
observed on the 28th day is a sign of the hepatsdyperplasia, which further, along with the amunid
displacement of functionally active parenchymaumin of HA and NCR, indicates the exhaustion of
compensatory-adaptive processes in the liver oallthe 35th day.

Thus, in the course of the experiment, againsbtukground of a gradual increasing changes in
the morphological picture, there are two peaksetiible morphological differences compared to the
nearest previous period — on the 3rd and the 2&t.d

Changes on the 3rd day display the beginning op#tikological process and are reliably different
from the norm.
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The second peak, on the 21st day, was charactehyed reliable difference in the main
morphometric parameters of the liver: PZDI, SHN,Ri@ comparison with the 14th day. The twenty first
day is the peak of the PZDI growth, which indicatesgreatest proliferative activity of the bilecti) after
which this figure continues growing, but not songigantly. Also at this period, the highest valiethe
SHN is recorded, an index that indicates the mawinmtensity of both the response and the sinusoidal
cells’ stimulating effects under the pathologicalgess conditions.

After a previous growth, from the 21st day thereuss the hepatocyte NCR reduction, which
indicates inhibition of the hepatocytes prolifevatactivity. All this indicates the breakdown oétbrgan’s
compensatory capabilities and the liver functionilegompensation, which coincides with the significa
lethality of animals after the 21st day - on thie d@nd the 5th week of the experiment.

The performed study of the liver morphological apesy must apparently be compared to the
functional changes, which requires further studies.

i i

1. Experimental complete obstruction of the extpaiie bile ducts lasting for 35 days is
accompanied by significant mortality (75%), with fieak within the last two weeks of the experiment,
from the 22nd to the 35th day, 7 out of the 11 dmachals.

2. Experimental complete obstruction of the extpaitie bile ducts is accompanied by the
pronounced morphological changes of the liver: dilets proliferation, proliferation and hyperplasia
hepatocytes, increase of the sinusoidal cells nynfligosis, with complete loss of the normal liver
parenchyma histoarchitecture and its replacemeptdiiferating bile ducts.

3. The morphological signs preceding the liver fioxcdecompensation, which is accompanied
by a peak of mortality, are the maximum value obPZnd SHN and the NCR reduction after the previous
maximum, which respectively reflects the maximumlifgrative activity of the bile ducts and the &t
of the sinusoidal cells against the backgroundhefreduced proliferative capacity of hepatocytes.
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MOP®OJIOI'TYHI O3HAKH JEKOMITEHCAIII{ MOP®OJIOr'MYECKHUE NMPU3HAKHA
NEYIHKOBOI ® YHKIII{ JEKOMIEHCAIIMY ®YHKIIMU NIEYEHU
TP EKCIEPUMEHTAJIBHIN ITOBHIM TP DKCIIEPUMEHTAJIbHOM MOJIHOM
OBCTPYKLII MO3ANEYIHKOBHUX ) KOBYHHUX OBCTPYKIIMU BHEIIEYEHOYHBIX KEJIYHBIX
ILJISIXIB NYTEN
MamonToB .M., Isaxno I.B., Tamm T.1, MamonTtoB U.M., UBaxno U.B., Tamm T.H.,
ITanacenko B.O., Ilaganxo B.I., 3y1s¢yrapos 1. ITanacenko B.A., ITaganko B.W., 3ysasdyrapos H.
IToBHa 0OCTPYKILis O3aMeYiHKOBUX XKOBYHHUX IIUISIXIB [lonnas oOCTpyKIMS BHENEUYEHOYHBIX OJKENTYHBIX IyTel

(TTIOITXKII) B ekcriepuMeHTi CympoBOuKyeThest 3minamu  ([TOBXKIL) B 9KCIepHMEHTE COMPOBOKIACTCS H3MCHCHHSIMU
MEYiHKM, AKI MOXYTh BiOOpakaTH [EKOMIIEHCAlil0 ii TMEYeHH, KOTOpble MOTYT OTOOpaXaTh JEKOMIICHCALUIO ee
¢yHKIii, MmO NpPH3BOAWTH N0 3armOeni TBapuH. Mera (QyHKIMM, 4YTO TPHUBOJUT K TruOenn KUBOTHBIX. llens
JOCTI/KEHHS. BUBUCHHS MOPQOJIOTIYHUX 3MIiH TIEUIHKH  HCCIIEJIOBAaHUS: U3yUeHHE MOP(OIOTHYECKIX U3MEHEHHH INCUCHU
npu excriepuMmentanbHii [IOIDKI B 3anmexHocti Bim mnpu  skcnepuMmentanbHoi [IOBXIII B 3aBucMMOCTH  OT
TPUBAJIOCTI OOCTPYKIi 1 ITOB'I3aHOI 3 HEIO JICTAIBHOCTI. IMPOMOJDKUTENBHOCTH  OOCTPYKIMM M CBS3aHHOM ¢  Heil
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Mopemosanns TIOIDKII mnpoBommnocs Ha 36 mrypax
LUIIXOM TEepeBsI3KM 1 MepeTHHy 3arajbHOl JKOBYHOI
npoToku. TBaprH BUBOIWIM 3 eKcrepuMeHTy Ha 3, 7, 14,
21, 28 i 35 poOy. IlpoBomunu ricToNoOriYHE Ta
MophOMeTprUYHE JOCII[DKeHHsT TediHkd. Ilatonoriuni
3MIHM TNEYiHKH HOCHJIM HapOCTAIOUMi XapakTep 3 IIKOM
neranpHocTi (7 3 11 3arn6iux TBapuH) Ha OCTaHHI JBa

THKHI CKCIICPHMEHTY i XapaKTepH3yBaJUCs:
npomidepaniclo KOBYHMX IHPOTOK, Tpoiidepariiero i
rinepruiasi€lo  remarolyuTiB, 30UIBIICHHSAM  KiTBKOCTI

CHHYCOIINbHUX KIITHH, (iOPO3yBaHHAM 3 IOBHOIO
BTPAaTOI0 HOPMAIBHOI TiCTOAPXITEKTOHIKA TMEYiHKH i
3aMilleHHAM 1i mapeHxiMy nposidepyrourmMu KOBYHHMH
npoTokamMu. MopdoJIoriTHIMI 03HaKaMH, SIKi MepemyioTh
JekoMITeHcanii (yHKIIl MEe4iHKH, IO CYNPOBOKYETHCS
mikom nerameHocTi mpm  IIOIDKII, € makcumanbHi
3Ha4eHHS O00'€MHOI MIUIBHOCTI TOPTaJbHUX 30H 1
CHHYCOIJHO-TENaTalUTapHOr0 YKCIa, 3HWKEHHS ITicis
HONEPEHBOT0 MaKCHMYMY SI€PHO-LIUTOILIA3MAaTHYHOTO
BI/IHOILIICHHS TEMaTOLHTIB, IO BIANOBIAHO BimoOpaxae
MakCHMaJbHy THpoiipepaTHBHY aKTHUBHICTh KOBYHHX
MPOTOKIB 1 AKTUBHICTH CHHYCOINAIbHMX KIITHH Ha Ti
3HIDKEHHS TIpotipepaTHBHOI 3MaTHOCTI FeNaTONUTIB.
KirouoBi cnoBa: excliepUMEHTAlIbHUN XOJecTas,
MOBHa OOCTPYKIiS JKOBYHMUX IUIAXiB, MOpPQOIIOTis
ne4yinku, Mopdomerpis.
Crarrs Hapgiioia 17.10.18.
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neranpHOCcTH. Monmemuposanne ITOBXKII mpoBommmocs nHa 36
KpbICaX IIyT€M IIEPEBA3KM U IEPEceueHus] OOIIEro >XeTqHOro
npoTtoka. JKMBOTHBIX BBIBOJWJIM U3 dKCIepuMeHTa Ha 3, 7, 14, 21,
28 wu 35 cyrku. IIpoBoamiu  TUCTOJOTHYECKOE U
MOpGOMETPHUUECKOE HCCIEAOBaHUS IeueHu. IlaTomoruueckue
W3MEHEHUs IIeYeHH HOCHIM HapacTalomuil XapakTep ¢ HHKOM
neranpHocTd (7 u3 11 mormOmuMx >KUBOTHBIX) IOCIEIHHE IBE
HeJeIH OSKCIEepHMEHTa M XapaKTEepU30BAINCH. IpoiHepanueit
KETYHBIX  INPOTOKOB, mposmdepannedd wn  TrUHepruiasuei
renaToLHUTOB, yBETNUEHHEM KOJIMIECTBA CHHYCOUJATbHBIX KIETOK,
¢ubposupoBanuem c MOJHOM noTepeil  HOpMaJbHOU
THCTOAPXUTEKTOHUKH TI€YEHH M 3aMEIIEHHEM €€ TMapeHXHMBbI
nponudepupyoImIMu JKETTIHBIMU MPOTOKaMH.
Mop¢oIorudeckuMi  IIPU3HAKaMH, KOTOPBIC —IIPEIIIECTBYIOT
JIEKOMITCHCAMH (YHKIUH II€YCHH, COIPOBOXKIAIOMIEHCS MHKOM
neransHocT pu ITOBXKII, ABnAIOTCS MakCHUMalbHbIC 3HAYCHUS
00BbEMHOH IUIOTHOCTH IIOPTANBHBIX 30H H CHHYCOHIAJIBHO-

rernaTaluTapHOT0  YHCNA, CHIDKEHHE I[0Cie  MPeIblAyIIero
MaKCHUMyMa SIIEPHO-IIUTOIIa3MAaTHYECKOTO OTHOILICHUS
rernaTolyuToOB,  COOTBETCTBEHHO  OTPAXaeT  MaKCUMAaJbHYIO

nponudepaTHBHYIO aKTHBHOCTD JKEITYHBIX IPOTOKOB U aKTHBHOCTh
CHHYCOU/IQJIBHBIX KJICTOK Ha ()OHE CHIDKEHHMS MpoiuepaTHBHON
CIOCOOHOCTH I'eaTOINTOB.

KioueBble c10Ba: SKCIIEPUMEHTAIIBHBIA X0JI€CTa3, IMOJIHAs
OoOCTpYKLHMsST ~ KEMUHBIX  myTeif,  Mopdojorus  IeuYeHH,
Mopdomerpus.
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Kanwmiii - e onue 3 He6araTboX TOKCHYHHUX Ba)KKUX METaliB, (i3ionoriuHa (yHKHis SIKOTO B OPraHi3Mi JIOAWHH Ha
TernepimHii He BcTaHopieHa. CAposiBiisie CBil TOKCHYHUI BIUTMB IIPH YK€ HU3bKHX KOHICHTPALISAX i Ma€ TOCTPHIl 1 XpOHIUHMI
BIUTMB HA CTaH 3/10pPOB's. MeToI0 NOCIIDKEHHS OyI0 eKCIIepIMEeHTaIbHE BU3HAUEHHS BIUIMBY HU3BKHX 03 KaJMil0 IUTPaTy Ha

MOp(GOMETpUYHI MOKAa3HUKH cepus eMOpioHa,

TiepeIcepHO-IIITyHOUKOB1

KJIallaHd Ta KOPOHapHI CyIWHH IIpU

BHYTPIIIHBOILTYHKOBOMY BBCJCHHI BariTHUM caMuIsM miypa. Jlo3a nurpary kagmiro ckiagana 1,0 mr/kr mack Tina.
ExcrniepyuMeHTaNbHO BU3HAYEHO, L0 BIUIMB LUTpPATy KaaMmilo B 3a3Ha4yeHId [A031 NPU3BOAUTH A0 3MEHIIEHHA 0O0cCsTy

EHJIOKapAiaJIbHUX MOAYIIOK IepeacepAHO-IITYHOYKOBOIO Ka

HaJly Ta 3HIDKCHHS KapAiodeTraabHOro iHAeKCy y eMOpioHiB mrypa.

B Toii ske yac crioctepiraethcs 301bIICHHS JiaMeTpy BiHLIeBHX aprepii Ha 11,3%.
KurouoBi ciioBa: xapaioreHes, eMOpioH I1ypa, eHIOKapAiaibHi HOAYIIKH CePLs, UTPAT KaAMIIO.

Poboma € gpaemenmom HIIP «MoppogyHrkyionanehuii cman opeamie i mKaAHUH eKCnepumMeHmaibHux meapun ma
JIOOUHU 8 OHMO2€eHe3l 8 HOPMI MA NIO 8NAUBOM 308HIWHIX | BHYMPIWHIX YuHHUKIE», Ne deporcasnoi peccmpayii 0117U003181.

He 3Bakaroun Ha KOMIUIEKCHUM IIAXIJ
CepeloBHILa, 3a3HaUeHa MPodieMa Ha TeNepiliHii

y BHpIlICHHI NMHUTaHb 3a0pyAHEHHS HaBKOJIHIIHBOTO
MOMEHT 3aJTUIIAETHCS aKTyaIbHOI0. Cepes MO0 TaHTiB

Oiocdepn, MO MPEACTABISIIOT: HAWOIIBITY 3aIliKaBJICHICTh I PI3HUX YCTAaHOB KOHTPOMIO ii SKOCTI,
MeTaan (0COOMUBO BaKKi, TOOTO Taki, MO0 MalTh aTOMHY Bary Oiipmie 40) BITHOCATBCS IO TPyIH

HalBa)KJIUBIIIKX. BijIbII 3a Bee 1ie MOB's13aH0 3 01

OJIOTIYHOIO0 aKTHUBHICTIO Ta BJIACTUBOCTSIMH 0araTthox 3

HuX. BIyiuB MeTalliB Ha OpraHi3M JIIOJUHM 1 TBAPUH, X (i310J0TiYHA i € PI3HUMHU 1 3aJIC)KHUTD BiJl BUIY
MeTay, TUIY 3'€IHaHHS, B SKOMY BIH 3HaXOJHTHCS B OTOYYIOUOMY CEpPEIOBHINI, a TaKOX WHOTo
koHIeHTpallii. Cepesl BAXKKAX METaTIB OJHI € BKpall HEOOXITHUMH JIS KUTTS JFOJWHU 1 1HIIUX KUBUX
OpraHi3MiB 1 HajeXaTb O TaK 3BaHUX OIOTEHHHMX €JIEMEHTIB. [HIII MarOTh MPOTHIEXKHY Ail0 1, TMPH

HaJXODKCHHI IO )KUBOTO OpTaHi3My, BUKIINKAIOTh

Horo oTpyeHHs ado 3aru6ensp. Lli MeTanu BiZHOCATH 10

KJIacy KCEHOOI0THKIB, TOOTO UyKUX IS KMBUX opraHi3zmiB. CriemiagictaMi 3 3aXHUCTy HaBKOJHMITHBEOTO
CepeloBHILA CEpe] METaNTiB-TOKCUKAHTIB BUAUICHA IpiopuTeTHa rpyna. JJo Hel HanmexxaTh KaaMil, Mib,
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