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MECHANISMS OF CARCINOGENIC ACTION OF VINYL CHLORIDE 
(Review of Literature)

Institute of Hygiene and Occupational Diseases, Gor'ky

In 1835 the German chemist Regnault synthesized a low molecular, unsatur­

ated, chlorinated hydrocarbon which acquired the name vinyl chloride (VC). 

The outstanding feature of this compound was its capacity to be polymerized 

which also determined its future fate as a starting material in the produc­

tion of many plastics. At first in the USA (1928) and then in other coun­

tries construction was begun on large-tonnage factories for producing 

polyvinyl chloride (PVC). By 1980 the total capacity of these factories in 

the world reached 12-12.5 million tons per year. The factors which stimu­

lated the increase in production of PVC were not only the significant eco­

nomic demands for it but also the assurance of its complete harmlessness for 

the human being. The rather broad use of VC as an anesthetic in surgical 

practice (Fao and Bertazzi) will serve as an illustration of this fact. How­

ever, in the middle 50's - beginning of the 60's in the USSR the first publi­

cations appeared concerning the toxic effect of VC on the human organism 

(N.A. Smirnova). In subsequent years the said articles were confirmed by
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research performed by professional pathologists abroad (Suciu et al.; Wilson 

et al.).

Prolonged intake of VC into the organism of workers leads to a systemic 

disorder of the connective tissue reminiscent of scleroderma (Juhe and Lange;

Moulin et al . ; Brichter). The clinical picture of vinyl chloride disease
. 7

(VCD) is composed of a syndrome of a disorder of the central and peripheral cv& 

nervous system (V.A. Antonuyzhenko; Foa and Bertazzi; Suciu et al.) the Reino 

syndrome and acr o-os t eo 1 y s i s (V.A. Antonuyzhenko; N.A. Smirnova; A.V.

Basalaev et al . ; Wilson et al.; Cook et al.; Dodson et al.; Juhe and Lange;

Biersack et al. ; Rety et al.; Hahn et al.), the hepatolienal syndrome (Falk 

et al . ; Thomas et al.; Creech and Makk; Berk et al.) disorders of the skin 

(Juhe and Lange; Duport et al.; Veltman) fibrosis of the lung (Lange et al.;

Brichter; Gordasco et al.).

Experiments designed to study the mechanisms of vinyl chloride acro- 

osteolysis revealed an unexpected property of its pathological effect, that 

is, a carcinogenic effect. After Maltoni published his results of an experi­

mental study in which he detected in many animals inocculated with the VC the 

manifestation of an extremely rare malignant tumor, that is to say a hemangio- 

sarcoma of the liver, oncologically and pathologically concerted attention 

began to be given to this substance. In 1974 this tumor was discovered in 

one of some deceased workers who had been employed in a factory where PVC was 

produced (Creech and Johnson). After the article by Creech and Johnson a 

whole series of publications was printed concerning the occurrence of hemangi- 

osarcoraa of the liver in workers involved in producing PVC and in two resi-

dents of areas adjoining the factories where this product was produced (Makk 

et al . ; Falk et al.; Fleig and Thiess; Conso). By the end of -1977 64 cases 

of death from hemangiosarcoma of the liver had been recorded, caused by
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caused by contact with VC (Spirtas and KAminski). An analysis of the experi­

mental and clinical material showed that VC induces the growth not only of 

hemangiosarcoma of the liver but also of adenocarcinoma of the stomach, and 

alveologenic tumor of the lungs, hepatocarcinomas, nephroblastomas, neuroblas­

tomas, carcinomas of the mammary glands, of various forms of connective tis­

sue tumors and also an increase in the quantity of systemic diseases of the 

blood (Maltoni; Suzuki; Brichter; Feron and Kroes; Winelt et al.; Ott et 

al.). A correlation of this material made it possible for Maltoni to reach 

the conclusion that VC is an undisputable carcinogen with a broad spectrum of 

effect. According to the data of experimental studies conducted by B.A* 

Kurlyandsky et al . , VC can be classified among the low level carcinogens 

(class IV of blastomogenic activity).

An analysis of the general death rate of workers involved in producing 

PVC did not turn up any changes in its structure (Ott et al.; Fox and 

Collier). The only thing detected was an increase in the frequency of some 

forms of malignant tumors, tumors of the stomach-intestinal tract (Chearu and 

Nichols), of the lungs and brain (Rawls). However, attention is drawn to the 

fact that, for example, in the Federal Republic of Germany, with the absence 

of any changes in the general structure of the death rate a pronounced 

shortening of life was noted in workers subject to VC exposure, that is to 

say the hydrocarbon under study, without changing the ratio between oncologi­

cal and nononcological diseases it hastens their appearance and consequently 

it hastens the death of these workers. According to data by Thiess and 

Fren tzel-Beyrae, 68% of the deceased workers involved in producing PVC did not 

reach the age of 60.

Detecting the carcinogenic effect of VC was the impetus for carrying out 

numerous experimental studies focused on interpreting this effect. In and of
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itself VC is not capable of stimulating the growth of malignant tumors 

(Antweiler); the carcinogenic danger comes in the form of its metabolism pro­

ducts in the organism. The carcinogenic process under the effect of VC takes 

place in two stages: the first is biochemical and the second is the immune 

stage.

It was established that the biotransformation of VC may take place in 

two ways. Initially under the effect of a microsomal monooxygenase 

(Tarkowski et al.) VC is oxidized into 2-chloroethanol, chloroacetaldehyde

and monochloroacet ic acid. The said method of oxidation is observed under
. 3

the effect of VC on the organism at concentrations of up to 256 mg/m

(Binns). At higher concentrations of the carcinogen under study, the biode­

struction process of VC takes place with the formation of unstable oxides and 

peroxides of chloroethylene (Antweiler; Binns). At the same time that the 

destruction process of the hydrocarbon is taking place in the organism, its 

"fragments1' are bonding with the thiol radicals of the tissues. Chloroacetal­

dehyde and chloroethylene oxide have alkylating properties and they are 

capable of undergoing a divalent bond with the sulfhydryl groupings of the 

proteins, the adeno , cytosine and guanine portions of the nucleic acids 

(Binns; Tarkowski et al.; Bolt et al.). The basic enzyme which supplies the 

conjugation of the metabolites with the thiol groupings of the protons is 

glutathion-S-epoxytransferase (Green and Hathway).

As a result of the alkylation a whole complex of various compounds is 

formed which are gradually eliminated from the organism. By using gas and 

ion exchange chromatography in combination with mass spectrometry we were 

able to identify some of them, in particular, thiodiglycolic acid, N-acetal- 

S-vinyl cysteine (Green and Hathway), N-acetal-S-( 2-oxyethyl )-cysteine, 

N-acetal-S-(2-chloroethyl )-cysteine , N-acetal-S-(2-hydroxyethyl)-cysteine
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(Watanabe et al.), S-(2-chloroethyl)-cysteine (E.N. Dubankova and A.V. 

Bykhovsky), S~(2-carboxymechyl)-cysteine , thiodiacetic acid (Antweiler) and 

also modified nitrogen compounds of DNA - ethanodesoxyadenosine, ethanodesoxy- 

cytidine, ethanoadenine (Green and Hathway), oxyethylguanine (Laib et al.), 

diethylhexylphthalate (Gordasco et al.).

In experiments on a culture of S. typhimurium (strains TA 98, TA 100, TA 

1535 , IA 1538) the sulfhydryl metabolites of VC did not manifest a mutagenic 

effect (Green and Hathway).

However, the metabolic "fragments" of the hydrocarbon attached to the 

proteins and nucleic acids confer antigenic properties on the hydrocarbon 

(N.F. Borisenko et al.; Binns; Bolt et al.). One result of the said process 

is the producing of antibodies for these proteins and nucleic acids. This 

mechanism forms the basis for a second (immune) stage of the carcinogenic pro­

cess under the effect of VC.

N.F. Borisenko et al., Hicks and Sahyoun write concerning the change in 

immunity with chronic exposure to VC. According to data by Mizerski et al. 

there is a reliable increase in the concentration of IgA in the blood serum, 

there is an absolute and a relative increase in the number of T-lymphocytes 

in workers employed in the production of PVC. Ward et al. detected a poly­

clonal increase in the concentration in the blood of one of the classes of 

immunoglobulins, most frequently IgG, the presence of mixed immunoglobulins 

and the conversion of the Cg and C^ complement in subjects subjected to 

VC exposure in production conditions. In most of these subjects who came 

into contact with high concentrations of VC, high concentrations of antinu­

clear antibodies were detected. In workers subjected to exposure to low con­

centrations of VC the levels of immunoglobulins is practically indistinguish­

able from those in the control groups, no antinuclear antibodies were
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detected. All these antibodies are produced in response to proteins and 

nucleic acids which acquire antigen properties under the effect of VC metabo­

lites. As a rule, the reaction of the antigens and antibodies takes place on 

the membranes of the small blood vessels (Ward et al.).

The detection of maximum immune shifts in subjects subjected to systema­

tic exposure to high concentrations of VC is apparently related to the fact 

that the level of VC in the organism is a dosage-dependent factor, whereas 

the process of separating the thiol metabolites from the urine is a constant 

factor (Watanabe et al.) consequently the greater the concentration of VC in 

the organism the longer its metabolites will be found in the tissues thus 

stimulating the production of antibodies. Precisely because of this the most 

pronounced clinical picture of VCD and the grossest changes in the immunal 

homeostasis are observed in subjects having significant contact with VC.

Watanabe et al., using chronic inhalation to innocculate white rats with VC 

14labeled with C, established that 72 hours after cessation of the mnoccu- 

lation 14 to 15% of Che VC introduced in the form of metabolites attached to 

proteins was still contained in the organism of the animals. This attests to 

the fact that the covalent bonds of the VC metabolites with Che proteins and 

nucleic acids are stable and long lasting. Profound changes take place in 

the immune system when there is a large dosage of VC introduced into the 

organism. In the human being the quantity of VC metabolites attached to the 

tissues may turn out to be incomparably higher than the indicators obtained 

by Watanabe et al. in experiments on rats since the rate of its metabolism in 

the human being is four times lower than in the rat (Brichter).

Apparently the antibodies produced in response to proteins are respon­

sible for the development of the clinical picture of a systemic schlerosis 

which occurs with VCD, whereas the antinuclear antiobodies cause a
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carcinogenic effect. Antibodies attached to the nucleic acids of the nucleus 

block the functional centers of the cell formation and conversely they create 

new, pathological, functional centers. The morphological equivalent of this 

restructuring is the chromosomal aberrations whose quantity in subjects who 

have come into contact with VC definitely exceeds the given indicator in the 

control groups (V. Georgieva and M. Tsoneva; Heath and Dumont; Fleig and 

Thiess; Basler and Rohrborn). The greatest number of chromosomal aberrations 

is observed in subjects subjected to the effect of high concentrations of VC 

and, as indicated above, they are the ones who have the most pronounced 

immune disorders. The fact that there is an increase in the oncological mor­

bidity only in subjects exposed to high concentrations of VC agrees well with 

this (V.S. Filatova et al.; Ott et al.).

. Thus, both the clinical picture of a sclerodermo-like syndrome (systemic 

fibrosis, skin disease, Reino syndrome, acro-osteolysis) and the carcinogenic 

effect of VC are manifestations of one and the same thing, the immunopatho- 

logical effect of a given substance. Proof of this assumption is provided in 

the fact of the occurrence of the experimental hemangiosarcoma only after the 

development of the clinical picture of a systemic toxic-immunal disorder of 

the vessels (Winell et al.; Maricq et al.). Subsequent proof of the pathoim- 

munogenesis of the tumors in VCD is supplied by analyzing the clinical pic­

ture for other immune diseases, large amounts of collagenoses (N.G. Guseva) 

for which it is characteristic to detect antinuclear antibodies frequently 

(S.I. Dovzhansky) and more frequently the development of tumors in comparison 

to the control groups (N.G. Guseva; Tuffanelli and Winkelmann; Kreysel et 

al.). The process of the reaction of the antibodies with the antigens of the 

tissues takes place basically in the cells of the connective tissue, in parti­

cular, membranes of the vessels. This explains why, when there is VCD, it is
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primarily the connective tissue which suffers and sarcomas occur rather 

frequently,

The immunobiochemica 1 schematic diagram of carcinogenesis under the 

effect of VC, proposed in the said survey is characteristic not only of chlor­

inated, saturated hydrocarbons but of many other mutagenic substances. Just 

like VC, all of them exert an alkylating effect (Koeman). The result of this 

effect is the formation of substances with antigen properties.
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tion and highly sensitive methods oi analysis 
should be used.' New- efficacious absorption ma­
terials (AOAC-V filters for collection of 
samples) are described, as well as rapid sensi­
tive chromatographic procedures lor assaying a 
number of chemical compounds and their mix­
tures. Development of methods for control over 
the environment is an important trend in oc­
cupational hygiene.
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H. A. MAKAPOB, TL 3. d>EB0T0BA 1 ~ ..
K Bonpocy O MEXAHH3MAX KAHUEPOTEMHOFO jaEBCTBHR 
BHHHJIXJIOPHJIA (0E30P JIHTEPATyPbl)
HnuTirn'T THmeHU Tpyxa H mpo<psa6ojieaaHHH, r. fopwcHH ■

- 3 1835 r. Beuetuaft xbmksRegnault cmrre- 
Bnpoaan MB3xoMoneKyaBpua63eapeaeithsuii xxo- 
pHpoaaHEuA ynaeBoiopotA, noayvmnad Hasaa- 
jore joaopHcroro bshhm unt Bmoumaopma 
(BX). OcofieaHocmo srora coemBesu buxa 
caoeoteocn> noJUMepasHpoBancft, tto b onpe- 
jteaBao -ero Aajmeftmyio cyxsby-- sax-acxoxHoro 
upoxyxrz b spoHBBOAcrBe -msotbx- naacnree- 
ocbx mscc. Caavaxa b CIIIA (1928),.s aaTeM h 
jpyng crpaaax BassBaerca ctpobtcabctbo mbo- 
JxnoasaxBux sbbobob :no spoaBBoseny mum- 
-BHBUnaopBjta (IIBX). K i960 r. - cysnapHaji 
Momaocm stex sbbobob m -mbpe Jtocraraaa 
12—12,5 mis. tohh b tou. -OaxTopaMB. CTRMV- 
japyrmHMB yBemmsae rrpoHSB oxers® HBX 
burn Be toxbko aBanreJOBue -axOHOMHsecxse 

JiotpefiBoenr b ■fleu.cso b y»epeH*ocTi> b.-umhoh 
KSesspesBoern ero jum -eeaUBexa- l&unocipanBed 
BToro ciryXHT <pa*r bobobho snpoHoro xenons- 
sobbhbh 3X b xaxecree aaeeroirpyiomero se- 

.xneena - b AHpypiaseacOH npaxixKe (Foa h 
’Bertam). OxBaxo b cepeirae 50-x —- Haiaxe 
60-x rtuos b CCCP bum osybXHXOBaHH nepsue 
coobmeBBB.oTDKCBBecxoM juAcnnuTiX aa opra- 

-bbbm senoBexa (H. A Cubpbobb). B nocaexyjo- 
mwe roan xaBHue cooOmesiw dunHUOUTBepauie- 

-BujiconeBOBaBBSMR sapyOexHHx npo^marosoroB 
(Sudn b cobbt.; .Wilson h coibt.).

JUneauoe nocryimeHBe BX b opraHMM pa- 
bom npHBOBBT k atentaouy nopaxceHino
coeBBBBTeJDBoP TKiHB, HanoMHHaiomewy cKjre-
poBepMHio (Juhe b Lange; Moulin h cobbt: 
Briditer). Jtonstmecxafl xapTBBa BHBBBxnopiu- 
hom OoaesHB (BX5) cxaBsuMerear m cmupoMa 
nopaateHRB nesTpaABOft b nepetpepintecKOH 
BepaaoB cbckku (B. A AsTOBKixeHKO; Foa h 
Beriazxi; Eudu h coibt.), caaspoua Pernio » 
axpooirreoBBaa (B. A Ahtohjowchko; 
H. 'A CMHpBoaa; A B. Eacasaes » coaaT.; 
Wflson a coaBT.; Cook v coaBT.; Dodson h 
coasT^ Jobe h Lange; Biereack h coarr.; Rety 
b cobbt.; Hahn s coaBT.), TenaTtutHCBaJu>Horo 
cuBJtpoMa (Falk n coaBT.; Thomas n coaBT.; 
Creech h Makk; Berk » cobbt.), nopaaceiiBB 
hobcb (Juhe- b Lange; Duport b cobbt.; Veit-

man), <|>Rbpo3a aentHx (Lange a coaBT.; Bri- 
chter, Gordaaco b cobbt.).

BiccneptiMeBTU no HsyweRRio mczbbbbmob bb- 
KBBXBOpBBHOro aKpOOCTe&JlHBa BUBBUtR HeO/KH- 
BBBRyio ocobeHHoern. ero nsToaonraecKoro Befi- 
ctbhs — KaHUeporeHHbifi BtpiheKT. Ocobo npn- 
CTBAaoe BBBMBBae x sToMy BemecTBy npodma- 
Toaors r obxobotr ctsjir npoxBBim nocae 
onybaxxoaaHBR pesyJbTaTOB SKCnepaueBraBb- 
hoto BCcaeflOBBBMB Maltoni, - obeapyiSHBUiero 
noBsaeBRe y ofBOTHX sarpaBJiexHur BX bchbot- 
bux xpafise pexxoft 3Jioxa veerschbob onyxoJiB— 
reMBBniocapxoMM newiB. B 1974 r. sra onyxoax 
buna Bi&BeBa y oxHoro rs yuepniHX pabosax 
3BBoxa . no npoBssoscTBy I7BX (Creech r 
Johnson). IJook craTtH Creech h Johnson b ne- 
xbth noRBuaca nenax cepx« nyftffHxanxfi o 
BOSBBxaoBesBR rexaBTRocapKOMu -oexeBB y pa- 
boxBX npoHiBoxcrsa IIBX h 2 aantiei paAo- 
hob, opBaeraannix x aaBoaaM, rBe-npoasBOABTca 
Brer npoayrr .TMakk h cobbt.; Falk n cobbt.; 
Fleig b Thiess; Conso). K xoHiiy 1977 r. buao 
aaperHCrpapoBBBO 64 cxyRax CMepn-or reuaft-
TROCapKOMU neveHH, ObyCJIOBJieBTHOH KOKTaKTOM
c BX (Spirtas RiCiiminski). ABartB3 sxcnepRMffi: 
-TBBbBoro r KiiHHHiecxoio uaTepBaaa noKasfci- 
aaer, xto BX HHsyURpyeT pocr Be tojibko re- 
MasrBOcapKOMu jneveHH, ho h axeecixapSHHOMU 
xejiyaxa, aBuetuioreHRoft onyxoaR nerxBX, re- 
neToxapoBROMu, HeifipobaaeroMU, BeApobaacro-
MU, XapnBROMU MOJlORRUX Btexes, paaRRIRUX
tpopM coesBRRTejisHOTxaHHUX onyxonei, a tbk- 
xte -yBeJiRveHiie RoawReciBa aicreMBUX saboae- 
BaHHH xposR (Maltoni; Suzuki; Brichter; Feron 
a Kroes; Winell a coaBT.; Ott h cobbt.). Obob- 
ineHne sroro uarepHaJia uosboxbxo Maltoni 
cxexarb bubo a, VTO BX — besycaoBHuA xaime- 
poreH niRpoxoro cnexTpa xeAcraHX. Ho xshhum 
BxcnepBMeHTaxhHUx HccxexoBaHHfi E. A Kyp- 
xxBxexoro h coaBT., BX MoxteT 6un> OTHecew 
k MXnoaKTRBHHM KaRoeporeRau . (IV xxacc 
bxacTOMorexHOH bxtrbrocth).

Anajim obmeA CMepTRoerR paboxsx npom- 
Boxcraa ITBX He - bubbex RSMOieHBA -ee crpyx- 
Typu (Ott h coairr.; Fox h Collier). ObHapyxH-
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BaaOCh TOJlbKO yBejIHTOHHe HaCTOThl BtKOTOpbiX 
(popn 3.ioKaqecTBenHbix onyxoaed — xeayAOH* 
Ho-KKUieqHoro TpaKTa (Chearo h Nichols), aer- 
khx h Mcura (Rawls). Oaxaxo oGpamaeT Ha 
ceGx BHHiiaHBe tot (paxr, hto, Hanpxxep, b 
OPT npa OTcyTCTBHH raxeHeHHd oGmed cTpyx- 
Typu cMapTHOCTH OTMeqaeTCH BUpajtceHfloe yxo- 
poneHxe 3KH3HH paGoHxx, noABepraioiiuixcH bos- 
AeficTBHio BX t. e. uayqaexuH yraeBOAOpaa, He 
H3MeHHH cooTHoojeHHJi xejKAy OHKCMiormecKHMH 
a HeoHKonorHqecKHMH aaGoaeBaxHXXK, ycxopaer 
hi noxaaexHe, a caeAOBaTeabHO, h cxeprb sthx 
paGoHxx. no AauHux Thiess h Frentxel-Beyme, 
68 % yxepmHx paGoHHX npoaaBOACTBa IIBX He 
AOCTHrajiB Boapacra 60 Jier.

06HapyxeHHe KaxueporeHHoro AedcTBHX BX 
BBHAocb toxhkom x npoBeaenmo XHonmcnea- 
hbix aKcnepHxeirraJibHHx HccaeAOBBHHd, Hanpa- 
BJieHHBlX Ha pacmH(|)pOBKy BTOrO. AedcTBHX. Cax 
do ceGe.BX He oGaaAaer cxocoGhoctmo cthmv- 
jmpoBaTb pocT saoKaqecTBeHHUx onyxoaed 
(Antweiler); xameporeHHyio ■ onacHOCTb npea- 
cthbahiot npoAyKTU xeraGoAHaxa ero b opra- 
HHBue. ripouecc KaHneporeseBa boa AedcTBHeii 
BX npoTexaer b 2 ct3Ahh: 1-h — Ghoxhmhto* 
cxax, 2-a — HMMyuxaH.

y-craHOBJieHO, hto GHOTpaHapopManax BX mo- 
xrr npoTexarb A»yxx nyrxxH. ilepBoxanaabHO 
hoa jeHCTBHeu MHxpocoxaabHod MOHOOKCHrena- 
3U (Tarkowski h cobbt.) hpohcxoaht oxxcae- 
hhc BX ao 2-xAopsTaaoJia, xaopaneraabAerHAa 
h xoHoxaopyxcycKod khcjiotu. XLaHHhiA nyn> 
OEHcaeHHH OTMeaea np« abhctshh rb opraHHSM 
BX b KOHneBTpaitBBX ao 256 mt/mj (Binns). npa 
Goaee bhcokhx KOHHeHTpanaax H3VHaeworo xaH- 
neporexa nponecc GHOAeerpyxnitH BX npGrexaeT 
c ofipaaoBaHHeM HeycroftHHBiix okhch h nepexx- 
ch xaopBTRAeHa (Antweiler; Binns). OaHOBpe- 
xchho c nponeccox paapyrnessH yraeBoaopona 
b opraHBBxe npoTeKaer nponecc csnaH ero <o6* 
AOXKOBi C THOAOBblXH paaWKBaaMH Txaxed.
XxopanerashAerHA h okrcb xaopBnureHa oGaa- 
aaeT ajiKHjJHpyioniHMH cbohctb3Mh a cnocoGHU 
Bcrynatb b KOBaaeHTHne cbbbr c cyawprHApHAb- 
RuiiH rpynnHpoBKaxH GeaxoB, aneHHHOBHMH,
0RT03HH0BHMH H ryBHHBOBXXH HaCTHXH HyXJieH-
hobux rhcaot (Binns; Tarkowski h coasr.; 
Bolt h coaBT.). Ochobhhx (jiepMeHTOM, oGecne- 
mnmwiiwnn KOHWOranBIO MeTaGOASTOB C THOAO-
bhxb rpytmHpoBKauH GeaxoB, HBaxercx rayra- 
THOH-S-anoKCHATpaHctpepaaa (Green h Hathway).

B pesyaiiTaTe aaxHaxpoBBHHX oGpasyercx ue- 
awh xoxnaexc paaaxHHHx coeAHxexxfi, xoTopue 
nocreneHHo buboahtcx hs opransaxa. MeroflaxH 
rasoBOM h HOHooGxeHHoft xpoxaTorpa0«H s kox- 
GnBanHH c xacc-cneKTpoxcfrpHed yaaaocb hach- 
THtpBHHpOBaTb HeKOTOpbie K3 HEX, B RaCTHOCTH 
THOAHraHKoaeByro ttHcaory, N-anermi-S-BHHHA- 
nHcreBH (Green h Hathway), N-anerHa-S-(2- 
oKcH9THa)-HHcTeHH, N-anemn-S-(2-xaop3THa) -
HHCTeHH, N*aaeTHa-S*(2-rHApoKcn»THa)-nHCTeHH 
(Watanabe h coaBT.), S-(2-xaopaTHa)-uhctchh 
(3. H. HioGaHKOBa h A. B. Buxobckhh), S-(2- 
KapOoKCHMerna)-HHcreHH, THOAHyKcycuyio khc- 
aorry (Antweiler), a Taiuxe xoAH()>HUHpoBaHHue 
a30THCTHe coeAHHeHHH J(HK — 3TaH0Ae30KCHa- 
ACH03HH, STaHOAeBOKCHHHTHAHR, STaHOaaeHHH 
(Green h Hathway), oKcasmnryaHHH (Laib'H 
cosbt.), AR9THareKCHa<trraaaT (Gordasco h
C03BT.).

B onxxax Ha KyabType S. typhimurium 
(mraxxu IA 98, TA 100, TA 1535, TA 1538) 
cyab<t>rHApHAbHbie MeTaGoanTx BX ne rpohbhah 
xyrareHHoro acActbhh (Green h Hathway).

0ah3K0 (pHKcapoBaHHue aa Geaicax a RymieH- 
hobbix KHcaorax xeTaGoaHHecKBe <oGaoxKH» 
yraeBOAOpOAa npuAaiOT nocaeAHHx aHTHreHHue 
cBoucTBa (H. 4>. BopKceHKO h coaBT.; Binns; 
Bolt h coaBT.). PesyabTaTOM ASHHoro npoaecca 
HBAaeTCH BupaGoTKa aHTHTea k sthx Geateax h 
HyKaeHHOBMM KHcaoTaM. 3tot MexanusM aokkt 
B OCHOBe BTOpOd (HMMyHHOfi) ctbahh xaHuepo- 
reHHoro npouecca boa B03AedcTBHeM BX.

OG H3xeHeHHH axxyHHTeTa npH xpoftHaecKox 
bo3A«mctbhh BX HHinyT R O. BopnceHKO h 
coabt., Hicks h Sahyoun. Flo ashhum Mizerski 
h coaBT., y paGoHHX, saHjrrbix b npoH3BOACTBe 
nBX HaGaioAaiOTCH AOCTOBepuoe noBbimeHHe 
KOHneHTpaitHH IgA B CblBOpcmte KpOBH, OTHOCH- 
reabHWH h aGcoaioTHbid pocr HHcaa T-ahk^jo- 
ntrroB. Ward h cosbt. oGBapyacBAH y ahu, noa- 
BeprajoiHHxca soaAeHCTBHio BX s ycaoBHux 
npOK3BOACTBa, aoAHxaoHaabHoe yBenaqeHHe koh- 
UeflTpaHHH B KpOBH OAHOro H3 KJiaCCOB 
HXxyHoraoGyaHHOB, name Bcero IgG, HaaHHHe 
cxemaHHbix HXxyHoraoGyaHHOB h KOHBepCHio 
KoxnaexeHTa C» h C+. y GoabrnKHcraa aim, 
KOHTaKTHpymmHX C BXCOKHXH KOHUeHTpaOHRXH 
BX oGHapyxeRU aucoiuie THTpw aHTHasepHxx 
aHTHTea. V paGoiax, noABepraioHutxcH BOSAed- 
CTBHJO XaAUX KOHHeRTpaOHd BX ypoBHR HMxy- 
BoraoGyARBOB npaKTHtecxH He oTAHHaioTCH ot
TSKOBblX B KOBTpOAbHblX rpyHHaX, aHTHHACpHbie
aHTHTeaa He oGHapyXHBaioTCH. Bee bth 2hth- 
Teaa BUpaGaTUBatorca k Geaxax h HyxaeHno- 
BHX KHCAOTBX, HpHOGperaiOUIHX BOA BAHHHHeX
xeTaGoaHTOB BX aHTHreHHue CBOdcTsa. Kax 
npaBHao, peaxsHH BaaHXOAedcTBHH aHTHreHOB 
h aHTHTea npoHCxOAHT Ha xexOpaHax xeaxHX 
xposeHocHux cocyAOB (Ward h cobbt,).

OGHapyxeme xaxcHxaabHbtx HxxyHHUx 
cabhtob y ahk, noABepranniHxcx CHcrexaTHte- 
exoxy BOSAedCTBHIO BUCOKHX XOHHeHTpaaHd 
BX no-BHAHxouy, cBH3ano c Tex, hto ypoBeHb 
BX b opraHHSxe XBaaeTCH a03038bhchmoh aeaH- 
HHHOd, Toraa xax nponecc BiueaeHHH THoao- 
BUX xeTaGoaHTOB C XOHOd — BeaHHHHB nOCTOHH- 

Haa (Watanabe h coaBT.), caenoBBTeabHO, Hex 
Goabmee xoaHHecTBO BX nocrynaer b opra- 
HH3X, Tex AOAbme ero xeraGoaHTU Gyayr Ha- 
xoAHTbca b Txasax, cTHxyaHpya BxpaGorxy 
aHTHTea. HxeHHO nosToxy HanGoaee BupaaceH- 
hbh KAHHHHecxaH xapTHHa BXB h HaHGoaee rpy- 
Gue H3xeHeHBH HxxyHHoro roxeocTaaa hbGaio- 
ABtOTCH y ann, HxeioniHx sHatHreabHud xosTaXT 
c BX Watanabe h coaBT., npHxesHBUiHe xpo- 
HHiecxHe HHraaHHHOHHhie saTpaBKH Geaaix xpuc 
BX xeqeHHoro 14C, ycTaHOBHAH, «rro eepes 72 *? 
nocae npeKpameHHH aaTpaBKH b opraHHsxe heh- 
BOTHHX COAepSCHTCH 14—15 % OT BBeaeHHOrO 
BX b BHAe (pHKCHpoBaBHiax c GeaxaxH MeTaGo- 
ahtob. 3to cBHAereabCTByct o tox, hto KOBa- 
aeHTHtie cbhsh MeTaGoaHTOB BX c GeaxaxH h 
HyxaeHHOBXMH KHcaoraxH npoiHbi h npoAoaacx- 
TeabHbt. npH Goabmoft aoae nocTynHBmero b 
opraHH3M BX npoHcxoAHT rayGoxHe H3xeHeHHH 
b HxxyHHod cHCTeMe. Y HeaoBexa xoaHnecTBO 
4>HKCHpOBaHHbtX B TKaHHX XeTafiOAHTOB BX MO* 
ateT OKaaaTbca HecpaBHeHHO Buuie noxa3aTeaed, 
noavHeHHux Watanabe h coaBT. b onuTax Ha 
Kpucax, rax xax exopoefb MeraSoan3Ma ero y 
HeaoBexa b 4 pasa Hnace, tom y xpucu 
(Brichter).

BupaGaTbiaaeMue K GeaxaM aHTHTeaa, no-BH* 
AHMOMy, OTBercTBeHHx 3a pasBHTHe xaHHHHecKod 
xapTHHU cHcrexHoro cxaepo3a, BoaHHxaiomero 
npH BXB, TorAa xax axTxxnepHwe aHTHTear 
oGycaoBAKsaioT xaHueporexHud adxpexT. Ahtm- 
Teaa,. (pHKCHpyx>niHecx Ha HyuiexHOBUx xxcao*
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Tax JUpa, fijioKnpyiOT (pyHKiUiOHaabtiue ueHTpw 
xjieToiuoro o6pa30BaHua h, nao6opor, ccaaaioT 
noBue, naTcuiontiecxHe, <pyHKHH0Ha3bHiiie ueHT- 
pu. Mop(pc.iorH<iecxHM sKBHaaaeHTOM stoh nepe- 
CTpOMKH aaaaiOTca xpOMOCOMHWe aOeppauHH. ko* 
-’IHHeCTBO KOTOptiX V .1HU, KOHTaKTMpjTOUlHX C
BX, aocTOBfpuo npeBhnuaeT xaHHhiH noxasaTexb 
b KOHTpojibHhix rpynnax (B. Teopmesa h 
M. UoHeBa; Heath h Dumont; Fleig h Thiess; 
Easier i Rohrborn). Hau6euu>uiee rbcjio xpo- 
mocomhux aPeppauHH Ha&moAaerea v jihu, noa- 
BepraiOIlUIXCa B03,aeHCTBH10 BbiCOKHXKOHUeHTpa-
QHfi BX a, K3K yKaauBaaocb Bume, hmuoiuhx 
HaaCanee BUpaHtemnie UMxyHHue HapymeHHH. 
C bthm xopomo coraacyeTca (paxT yseameKBa 
oKKoaornsecKOH aabaaeBaeMOCTE/ToabKO y jwn, 
noxBepraioiiiBxcB BoaaeiieTBBio! ■ bhcokhx xoh- 
neHTpaaafi BX (B. C. OuztTQxa h coa«T.; Ott 
B COBBT.).

TaKHM o6pasou, Kate tUBHKxa. exaepoaepMo- 
noaopHoro cxBxpoua (chctcmhuh -<pii6po3, no- 
paxeHHe xoxb, cmupom PeiiHo. ^xpooereojuu), 
rax b KaHaeporeHHbtK »d><peirr BX cxyjKax npo- 
a&aeBHBMH ojworo n Toro we —HMuyaonaTano*

- rtraecxoro — -spxpeKTa aaHBoro -aemecTBa. Ho- 
KaaaTeabCTBOM aroro noaowemui -cayatMT tpaxT

. BOSHHKHOBeBBB 3KaiepHMeHTanbKUX reMBHTHO-
capxoM y*e nocae pasBHTHB xam-HHu cHcreb- 
Boro TOKCHKO-BMiryBNoro nopaxeuR < cocyxos 
(Winell b cobbt.; Maricq h cobbt.). CjienyraniRM 
jtoxaaaTemcnoM naTOHMMyBHoro reitesa ony- 

-xanea npn BXB uryxstr aBMHS xnHHHSecxoH 
xapTHHW apyrax bkmvbhux -sadoneBaHHit — 
dojanrax xuuiarai030B (H. I\ Tyeesa), jutn ko- 
TopHx xapaxTepHo lacroe ofirapyxeiuie ihtw- 

-ouepBux aHTBTM (C. H. HoBWaflocHft) h 6oaee 
-Bacroe paasarBenio -cpaBHeHHio c xoBTpoabuuMH 
"TpvnuauH onyxoaefi (H. T. PyceBar Tuffanelli 

■■■a Winkelmanrr; jKreyaei . a cobbt.). Tlpouecc 
asaanoaeHCTBBX'-aKTHTejj c TKaHeBHMH amure- 

-maun nponxaer>»--«cROBBOM aa zaenax cochh-
-HBTOIXBOH TKaHH.-B-*iacmOCTH Sie*6paHaX •cocy- 

nChob. -9to ofrbxcHxeT.’Tnoqejry nps 'BXB b nep- 
esyio -oqepegb -CTpaaaer coeaHHHTeabHas 'Txam.
H TIOBOJIbHO Tacro BCJ3HHKaWT - CapKOMbl.
'r .'HpeaBQBKRBXB 3 2BBBOM ofiSOpe ^BMMyHO* 
^BOXBMBBecxaB^cxeMa KaHneporeaoa -noa aeif- 

■ -crBBen BX .'xapaxrcpBa He tobbko jyu? xaopn- 
-poeaiiHHx BenpeaeabBux yraesoaopoaoB, tjo h 
^fsornx apyrax ByrareBBUx Bemecrs.-Bee ohm, 
moaofiHo BX *okmhbikjt aaxHJiBpyiomee aeficr- 
-BHe (Koeman). ;JResyBbTaro»i htoto jefteTBH» 
-^BBjnercB -oppasdsaHiie «emeciB c .aHTBreumiMH

~' CBOHCTB2MB. „
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-tKPATKHE COOBWEHH#

jgut-e»M«fc«i4j -r-7* -
. C A. PU5AKOBJCB-S. SBmiUBR, r. B. AHUHHOB, B. JL BPAUHXHH. 
T. IL pyBAHOBJ
HCnOJIb30BAHHE.IUKOJlbl IIEPEROBOrO ORblTA PABOTbi 
RJ1JI yCHJIEHHR XOCyflAPCTBEH HOI*0 CAHHTAPHOTO HAR30PA 
3AVCJI0BHRMHTPyAA rOPHRKOB

. O&ucTHan cammatcramtBH, PocroB-Ha-RoBy'
, ■'i**-•• - - • /*■-

- Ha maxxax oGnacia exeroaao aodiaaeTCs 
6oaee 35 iob. t yrax. Rofima ynu c xax- 
ntux tojoii y»ejEBTO»aeTC3! b-ocbobhom sa ever 
noBumesBs -npoHSBOABrejiBBOczH crpyaa h hb- 

■meBcmpBna&H Tpy,sa maxrepoa. . jiemeiae 
jto&ns yraa ^ospoBoxsaemcpocroM.tuuieBOft 
aarpv3t£B bs opraHBsu ropanoB^ cbhsb c tom 
Bonpocu ycBneHBB caHsrnpHoro Haxsopa -ja 
maxrax npBo6peraior neofioeagBaaesBe.-- .

C nexuo paspa6oTXH bobhx b ycoBepmea- 
cnoBaBBB cymecTBVMinHx rrxpop* paCont no 
xoBTpomo -aa codmaeuHe* • ^aaamtpEsx -sopu 
u jrpaB&n aa spetnipBXTBsx yrtyraoS mpoimm- 
jteHHocrs pemeBBeM Kaanenm -otoapaBoraeaa 
B. npeaHtrBywa tspotpcotoaa .veoHimaHX-ipafioT- 
-bbxob sa 6aae caH9nagt7inuim "t.r.RTaTTH -~b 
1978 r- taua coaaaaa tmtcaia nepeAOBoro 

- -surma. ~ ~
•DcsoBBaB orpaatt npommmcauoctu T.HIax-- 

th ynMbBBH, KOTOpaa trpejtCTaBJteHa ' max- 
T3HH H OdoraTBTeflBBHMB (patipBEBUH. y*{X7hi- 
sax 6qhwooh ytieabBUB sec pafioTaionmx b ot- 
paara (6oaee J/3 or b«x p*6oraJoaiEi aa npo- 
tcunmeBBUx spettspRmtBx ropoaa), sHiuHreak- 
jryto BupatKesuocTb BefijiaronpHxrsHx npoHSBOA- 
CTBeHEUX d»KTOpoB, OdycXOBBHBSIOniZX BHCOKBH 
ypoaesb npoi|>ecCBOBajiBB09 3a6oaeBaeMocT&, 
ocBOBBoe BHKMaBHe b padore - yjitnnmx 
oTpacns npoMiimneBRocTB.

3a npeanpRXTHBMH MaBHcrepcTBa "vronbBofi 
npoHumxeBBDCTH CCCP a ropoae saxpeiuieuo 
2 caHBTapHux Bpata n 4 noKOmHBxa, xassuA 
Ei Koroptix oficjryacHBaeT onpexexesHHe jnaxra. 

npa ocymeciBJieHBB npeztynpejtBTejn>Boro ca-

airrapHoro xansopa oco6oe BRBMaRxe yjieaseTcx 
noBunteBB» xaBecrsa paspafiaTusaeMUs npoex- 
tob KOxiuieKCBoro oCecnsutBBaBHa maxr nyreM 
npoBueBHB TmaTenbHofi caHttrapHoil BKcnepTBBU 
c npBBxeBeHHeM jm»e»epOB h paccM omeHHB bx 
na aacettaBHB caHHTapHO-TexHHvecxoro coBeTa.

npoBoax ’reKymHH caBBTapabtH kortpoxb sa 
npOMUttuieBEUUR odMxraifB ropotta, cairatnui- 
craHUHB ocymecTBBBeT npeBMymecTBeBHoe 06- 
cjiyXBBaHBe npexnpHBTHH OTpauiH, hto errpa- 
Bcaercs b aaBeeTBeHmix noKaaaTexxx pafioru. 
Tax, ecjta xparaoerb o6caeBOBaHB9 npoiuatmieH- 
B&x npejtnpBHTHH ropoaa cocraBJiner 18R, to 
KpSTHOCTb OpCJlejIOBaHHH alaXT — 24,3.

3BaBBras>Boe BHHMame yseaBeTcx ynry6- 
jiettRotfy oficBeaoBaBxio npeanpH>mtfi vtojibhom 
ttpounsmesEocrv c nocemeHaeM odBearoB Bpa- 
TOMB, ttpOUeET XOTOpUX COCTaBJIBeT 92 DpB 
cpettHeropoxatoH -noKasaTexe 6,9. IIpmeM 6onee 
50'% oOcxesoBaHHlt npoBoaHTca c npaMeBesaeM 
aa6opaTopHHX h HHcrpyMeHTajiiHWX mctobob 
BCcaeAOBBBHfi, juts aero, xpoMe aHaJiaaos cas- 
anBttCTBHSBE, AnHpOKO HCnOJlbSyiOTCa JiaSopaTOp-
HHe lassne BettoMCTBeHUOM cjiyxceu — BTCH 
h caBHTapHO-rBTBeHHBecKOA Jta6opaTOpBB npoHS- 
BOACTBesHoro o6BemtHeHHB.. «Pocroayram»». 
HcnansaoBaHBe xafiopaTOpHux MeroaoB Bccxeao- 
Barafi .nosBOBBeT - 6oxee o6mkthbho oaeHHBaTB 
ycnoBBB Tpyaa tophbxob b 9tp0eKTBBBOcn> npo- 
BOABMUX OSAOpOBBTUbHUX UepOnpHHTBB.

CaBSHBAcraBnBefi sa Bee maxm ropoaa co- 
craBJiem caHHTapHwe nacnopTa, a xoTopux -se- 
aerca AHBaMBBecKoe ua&aiOAeBHe sa pacnanoxe-
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MHHHCTEPCTBO 3APABOOXPAKEHMH CCCP • BCEC0J03H0E RAyMHOE OEU1ECTBO THrMEMMCTOB

FHTMEHA

OCHOBAH 
B 19*7 TOAir u XLpo^eccuoHaAbHbie

^MIOHb-1983 3aooAeE aHUJi

MOCKBA -MEflHIlHHA-

ExeMec9<iBMH HayBHo-npaimficciaiN xypiiu

. H. O. 323MEPOB ;-

«0 PIET 'HAVHHO-HCC31EBOBATEJlbCKOMy HHCTHiyTy rHrHEHbl TPyflA 
H I7PO<bECCHOHAJIbHHX'3AEOJIEBAHHR AMH CCCP

’ '■ - HcropEH cymecTBOBaHHa^ainefi-crpa- 
- ~su — uepBoro m ^Hpe-consaxHCTHRecKO- 

-to rocynapcraa—‘CBBBerenbcrao hocto-
' -jrHHOH/lH 'BCe * •®03pacTaiomftH 3a60TbI 

•: -KoMMytTHCTH qeCKOfl JtapiBHiH UpaBHTeJIb- 
-■-ctBa or3flppoBbe 'COBercKax ^jnoaefi a

' OjtHHM 23-jrpKHX upQgBJieHHt -3T0H 3a- 
-6oth uBroiocb co35aHHe no •HHHnHaiHBe 
3. A. OGyxa -20/V3 1923t; MocKOBCKoro 
HHCTHTyTa no H3yHeHHio -npotbeecHOHajib- 
-Hitx: SoaeaHefi, HKHe'HayBHo-HcaieaoBa- 
TenbcxHfi HHCTHTyT rHrHeHbiTpyjia n npo- 
oeccHOHajibHux '3a6oJieBaHHH AMH 
CCCP. •• '

>■ C MOMeHTa X03&EHHH ’SHCTHTyT^BKJIJO- 
■ •'laji b ce6a-3ieBe6nyiO - (3aBeayioniHfi 

H. T. r&JibMan) h caHHTapHyio^(3aBeay- 
•JOinHH A- n. CMHpHOB) ^aCTH-H-Ba oc- 
■HOBe mHpOKHX COUHaJIbHO-rHTHeHHBeCKHX 
h 'KnBHHBecKHX MccnejiOBaHHft pa3pa6a- 

THBEJI MepOIIpHHTHH TIO 'O3fl0p0BJieHH}0 
ycjiOBHH Tpyzta pa Gorhx.

TlepBbiM ‘jiHpeKTopoM HHcnrryra ~6nn 
span B. R. Kohoiuwhkhh, paHee B03niaB- 
jihbeqhh <EBaHrejiH«iecK3no-6ojibHHny>, b 
KOTopofl b pa3Mecmncjr-OTCTHTyT. C ae- 
jcafipa 1924-r. OTpeKTopoM -HHenrryTa 
crajia-A. C. SoroJienoBa, yaeBHBmaH oco- 
6oe BHHMaHHe pasBHTino u -BBenpeHHio

MerojioB caaHTapHofl ct3thcthkh. . Kjih- 
aHKe npHxojiHT na noMonib caHHrapHO- 
rHTHeHBBecKHe h caHHTapHo-TexHHHecKHe 
oficjiejioBaHHH Ha npOH3Boac7Be, nsy^e- 
BBe 4)H3jrcecKoro coctohheh paGo^nx, 
3KCUepHMeHTajibHHe paGom. CaHnrap-
HOfi H JUIHHH’leCKOfi RaCTSMHUpH yracTHH
C. M. SorocnoBCKOro pa3pa6aniBaioTcH 
cnenHajibHHe KapTu, cxeMK m HHtrrpyK- 

-jxhh Mfl upoBeiieHHH coaHajibHo-nirHe- 
.HFTCCKHX *H TOIHHHHeCKHX o6CJlenOBaHH&
paGoTOX cjy9CT0M ycJioBHfi Garra. TaKHe 
KOMrrJieKCHHe HccJieaoBaHHs ycnoBHfi 
Tpy^a, 6Hra,-3a6oJieBaeMocTH paGorax 
GhWIH npOBeABHbl HHCTHTyTOM Ha XHMH«le- 
cehx 3aB0Hax, B"JiHTeiiHb!x nexax, sa Tex- 
crajrbHbix npeanpHHTHHx, MeTajuiooGpa- 
GaTHBaxHUBx 3aB0flax, b THnorpa^Hsx 
Moczbm H Mockdbckoh ofijiacra.

B nepBtie we toah cymecrBOBaHHH 
. HHCTHTyT n3£aBaTb Tpyju b cne-
irsaJibHux -BHnycKax <03aopoBneHHe 
Tpyaa h peBO^KmHs? 6uTa», b hhx nena- 
Tairncb He-mabKo MaTepHajiu oGcaeflo-
BaHHH paSJIHRHHX 4>a6pHK H 3aBOSOB, HO 
h nporpaMMH H3yReHHB ycjiOBHH Tpyaa 
h Gtrra pafiorax, HHCTpyKHHH no H3yqe-
HHIO COCTOHHHH 350p0BbB paGo’ClX H Jip.

no3we, 3 nepnofl HHflycTpHajiH3anHH 
CTpaHH, BbutexaioTca OTpacjieBbie rarHe-

(C) <rHrHeHa rpyaa h op<x}>eccMOHaJibHue 3a6oneBaMnfl», 1983


