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GLUTATHIONETRANSFERASE ACTIVITY AND PAH-DNA ADDUCTS 

IN HUMAN PLACENTA AS A RISK FACTOR FOR NEWBORN IN RADIOACTIVELY 

CONTAMINATED REGIONS
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Abstract

A study of glutathionetransferase (GST) activity and PAH-DNA adducts was undertaken in human pla-

centas collected in radioactively contaminated regions with eventual benzo[a]pyrene (B[a]P) pollution. It

was shown that the higher is the contamination of area the more decreased is GSTactivity and the more abun-

dant are PAH adducts in placental DNA. Depending on predominance in the area of either radionuclides or

B[a]Pthe scenarios of these changes are different. In the case of radionuclides preponderance the accumula-

tion of DNA adducts seems to be a result of decreased cytochrome P450 1A1 (CYP1A1) and GSTP1 activ-

ity while in the case of B(a)Pchronic exposure it is a result of imbalance between CYP1A1 and GSTP1 ele-

vated expression from one side and suppressed GSTP1 enzymatic activities from another. It was revealed

that GSTactivity correlates with the frequency of some pathological cases in the course of pregnancy and

with Apgar's score of newborn. Thus GSTactivity is an integral biomarker of environmental contamination

and maternal detoxification efficiency. It may be used also as a risk factor for newborn.

Key words: glutathionetransferase,PAH-DNA adducts,human placenta,irradiation,benzo (a) pyrene.

IINTRODUCTION

The early protection from environmental hazards

has become of particular importance in the

Ukraine in view of the accident at Chernobyl.

Radionuclides have become additional factors at

the background of preformed chemical pollution of

ambient air particularly by the products of incom-

plete combustion of organic materials e. g.

benzo(a)pyrene (B(a)P).

The human fetus is protected from impact of xeno-

biotics and radionuclides by detoxification and

antioxidant maternal system where liver plays

prominent role and by its own defense system.

The latter is subdivided into extracorporal one

that functions in placenta and intracorporal 

ÂÂÅÄÅÍÈÅ

Ñâîåâðåìåííàÿ çàùèòà äåòåé îò íåáëàãîïðèÿòíîãî

âîçäåéñòâèÿ îêðóæàþùåé ñðåäû ïðèîáðåëà â Óê-

ðàèíå îñîáóþ àêòóàëüíîñòü â ñâÿçè ñ àâàðèåé íà

×ÀÝÑ. Ðàäèîíóêëèäû ñòàëè äîïîëíèòåëüíûì

ôàêòîðîì íà ôîíå ñôîðìèðîâàâøåéñÿ ðàíåå õèìè-

÷åñêîé çàãðÿçíåííîñòè àòìîñôåðû, îñîáåííî ïðî-

äóêòàìè íåïîëíîãî ñãîðàíèÿ óãëåâîäîðîäîâ,íàïðè-

ìåð,áåíçî(à)ïèðåíîì ( Á(à)Ï ).

Ïëîä ÷åëîâåêà çàùèùåí îò âîçäåéñòâèÿ êñåíîáèî-

òèêîâ è ðàäèîíóêëèäîâ äåòîêñèêàöèîííîé è àíòè-

îêñèäàíòíîé ñèñòåìîé ìàòåðè, â êîòîðîé âåäóùàÿ

ðîëü ïðèíàäëåæèò ïå÷åíè,à òàêæå ñâîåé ñîáñòâåí-

íîé ñèñòåìîé çàùèòû. Ïîñëåäíÿÿ ïîäðàçäåëÿåòñÿ

íà ýêñòðàêîðïîðàëüíóþ, ôóíêöèîíèðóþùóþ â 
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one in which the fetal liver,kidneys and adrenals

play an active role. The functional insufficiency

of detoxification system causes the accumulation

of no excreted xenobiotics both with binding of

many of them to cellular macromolecules includ-

ing DNA in particular. DNA damage in its turn

may produce mutagenesis and ultimately results in

tumoro- and teratogenesis (Lutz W.,1979; Zeisig

M.,Moller L.,1995).

The purpose of this investigation was to assess the

relative contribution of several factors - including

maternal exposure,placental metabolic phenotype,

maternal health status - to the formation of poly-

cyclic aromatic hydrocarbons (PAH)-DNA adducts

in placenta and risk for newborns.

Placenta selection as an object of this study was

stipulated by several advantageous considerations.

Damage to placental DNA can not only document

exposure and maternal detoxification efficiency but

can serve as a surrogate indicator for DNA damage

occurring in other fetal tissues. Placenta is a tissue

quantitatively sufficient for routine biochemical in-

vestigations. The obtaining of this human embry-

onic tissue is connected with the least ethical pro-

blems. And at last there are expressed nearly one

isoform of the enzymes of the I and II phase of de-

toxification, cytochrome P450 1A1 (CYP 1A1, EC

1.14.14.1) and glutathionetransferase P1 (GSTP1,

EC 2.5.1.18) (Mannervik B., 1985; Pasanen M.,

1999). This peculiarity makes placenta a unique in

vivo model for investigation of detoxification sy-

stem,particularly interaction between the enzymes

of I and II phases. GSTP1 is a major detoxifica-

tion enzyme in placenta (Pasanen M., 1999; Kna-

pen M. et al.,1999).

The objectives of this study were: a) to measure

GST activity and PAH-DNA adducts content in

placental samples; b) to conduct correlation

analysis between GSTactivity,PAH-DNA adducts

and maternal exposure level, anthropological

indices of mother and newborn health, clinical

data; c) to elucidate metabolic processes inducing

potential changes of glutathionetransferase activi-

ty and PAH-DNA adducts content.

MATERIALS AND METHODS

Study population

Human term placentas were obtained during diffe-

rent periods from regions contaminated radioactive-

ly, radioactively and chemically polluted chemically

polluted and those judged as clean. The specimens

were subdivided into eight groups depending on

when and where they were collected: in 1991-1992

from women who lived till 1986 at the territories

nowadays referring to thezones of exclusion andobli-

gatory relocation and from "liquidators" who perio-

dically worked in Chernobyl after the accident

(group I); in 1991-1992 and in 1999 from thewomen

who lived in the area of strict radiation monitoring

ïëàöåíòå, è èíòðàêîðïîðàëüíóþ, â êîòîðîé àêòèâ-

íàÿ ðîëü ïðèíàäëåæèò ïå÷åíè,ïî÷êàì è íàäïî÷å÷-

íèêàì ïëîäà. Ôóíêöèîíàëüíàÿ íåäîñòàòî÷íîñòü

ñèñòåìû äåòîêñèêàöèè ïðèâîäèò ê íàêîïëåíèþ íå

âûâåäåííûõ èç îðãàíèçìà êñåíîáèîòèêîâ,ìíîãèå èç

êîòîðûõ ñâÿçûâàþòñÿ ñ ìàêðîìîëåêóëàìè êëåòêè

è,â ÷àñòíîñòè,ñ ÄÍÊ,è íåðåäêî îïðåäåëÿþò êàíöå-

ðî- è òåðàòîãåííûé ýôôåêò (Lutz W., 1979; Zeisig

M.,Moller L.,1995).

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ âûÿñíå-

íèå îòíîñèòåëüíîé ðîëè íåñêîëüêèõ ôàêòîðîâ - ýê-

ñïîçèöèè ìàòåðè, ôåíîòèïà ïëàöåíòû, ñîñòîÿíèÿ

çäîðîâüÿ ìàòåðè - â íàêîïëåíèè ïîëèöèêëè÷åñêèõ

àðîìàòè÷åñêèõ óãëåâîäîðîäîâ (ÏÀÓ) â ÄÍÊ ïëà-

öåíòû è â ñîçäàíèè ðèñêà äëÿ íîâîðîæäåííîãî.

Âûáîð ïëàöåíòû êàê îáúåêòà èññëåäîâàíèÿ îáóñëî-

âëåí íåñêîëüêèìè ñîîáðàæåíèÿìè. Ïîâðåæäåíèÿ

åå ÄÍÊ ìîãóò îòðàæàòü íå òîëüêî ýêñïîçèöèþ ìà-

òåðè è ýôôåêòèâíîñòü ìàòåðèíñêîé äåòîêñèêàöèîí-

íîé ñèñòåìû, íî è ñëóæèòü ñóððîãàòíûì ïîêàçàòå-

ëåì ïîâðåæäåíèÿ ÄÍÊ â òêàíÿõ ïëîäà. Ïîëó÷åíèå

òêàíè ìèíèìàëüíî ñâÿçàíî ñ ýòè÷åñêèìè ïðîáëåìà-

ìè. Êîëè÷åñòâåííî òêàíè äîñòàòî÷íî äëÿ ïðîâåäå-

íèÿ áèîõèìè÷åñêèõ èññëåäîâàíèé. Â ïëàöåíòå ôåð-

ìåíòû I è II ñòàäèé äåòîêñèêàöèè ïðåäñòàâëåíû

ïðàêòè÷åñêè åäèíè÷íûìè èçîôîðìàìè - öèòîõðî-

ìîì Ð450 1À1 (CYP1A1,ÊÔ 1.14.14.1) è ãëóòàòè-

îíòðàíñôåðàçîé Ð1 (GSTP1,ÊÔ 2.5.1.18) ñîîòâåò-

ñòâåííî (Mannervik B., 1985; Pasanen M., 1999).

Âñå ýòî äåëàåò ïëàöåíòó óíèêàëüíîé ìîäåëüþ äëÿ

èññëåäîâàíèÿ ñèñòåìû äåòîêñèêàöèè è,â ÷àñòíîñòè,

ñïîñîáîâ âçàèìîäåéñòâèÿ ôåðìåíòîâ I è II ñòàäèé.

Ãëóòàòèîíòðàíñôåðàçà (ÃÒ-àçà) Ð1 ÿâëÿåòñÿ â ïëà-

öåíòå ìàæîðíûì ôåðìåíòîì ñèñòåìû äåòîêñèêàöèè

(Pasanen M.,1999; Knapen M. åt al.,1999).

Çàäà÷è äàííîãî èññëåäîâàíèÿ: à) èçìåðåíèå àêòèâíî-

ñòè ÃÒ-àçû è ñîäåðæàíèÿ ÏÀÓ-àääóêòîâ â ÄÍÊ ïëà-

öåíòû; á) ïðîâåäåíèå êîððåëÿöèîííîãî àíàëèçà ìåæ-

äó ÃÒ-àçíîé àêòèâíîñòüþ,ñîäåðæàíèåì ÏÀÓ-àääóêòîâ

â ÄÍÊ è óðîâíåì ýêñïîçèöèè ìàòåðè,àíòðîïîëîãè÷å-

ñêèìè è êëèíè÷åñêèìè ïîêàçàòåëÿìè ìàòåðè è ïëîäà;

â) âûÿñíåíèå ìåòàáîëè÷åñêèõ ïðîöåññîâ,êîòîðûå âû-

çûâàþò ïðåäïîëàãàåìûå èçìåíåíèÿ àêòèâíîñòè ÃÒ-

àçû è ñîäåðæàíèÿ ÏÀÓ-àääóêòîâ.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Èññëåäóåìàÿ ïîïóëÿöèÿ

Îáðàçöû çðåëîé ïëàöåíòû ÷åëîâåêà áûëè ïîëó÷åíû

â ðàçíûå ïåðèîäû âðåìåíè â ðàéîíàõ,ïîñòðàäàâøèõ

â ðåçóëüòàòå àâàðèè íà ×ÀÝÑ, íå ïîñòðàäàâøèõ, íî

õèìè÷åñêè çàãðÿçíåííûõ,è óñëîâíî ÷èñòûõ. Îáðàç-

öû ïîäðàçäåëåíû íà ãðóïïû â çàâèñèìîñòè îò òîãî,

êîãäà è â êàêîì ðàéîíå îíè ïîëó÷åíû: â 1991-1992

ã.ã. îò ðîæåíèö,ïðîæèâàâøèõ äî 1986ã. â çîíàõ îò-

÷óæäåíèÿ è îáÿçàòåëüíîãî îòñåëåíèÿ,à òàêæå ëèêâè-

äàòîðîâ ïîñëåäñòâèé àâàðèè (ãðóïïà I); â 1991-1992

ãã. è â 2000 ã. îò ðîæåíèö, ïðîæèâàâøèõ â çîíàõ

óñèëåííîãî ðàäèàöèîííîãî êîíòðîëÿ Êèåâñêîé è

×åðíèãîâñêîé îáëàñòåé (Óêðàèíà) (ãðóïïà II) è Ãî-

Obolenskaya et al. / International Journal of Radiation Medicine 2004, 6(1-4): 154-166



156

Obolenskaya et al. / International Journal of Radiation Medicine 2004, 6(1-4): 154-166

in Kiev and Chernigiv districts (Ukraine) (group

II) andGomel district (Byelorussia) (group III); in

1991-1993 and in 1995 in Kiev,that has suffered af-

ter Chernobyl accident and is chemically polluted e.

g. with B(a)Pin ambient air (groups IV,V). The

specimens included in group V were collected in the

department of obstetrical pathology. The group

was formed to elucidate the influence of typical

pathological cases on placental phenotype because

the frequency of pathological cases in other groups

was rather high; in 1992 and 2001 in Zaporizhzhia,

the industrial town with high B(a)Plevel in the am-

bient air (groups VI & VII) and in 1992 and in 2001

in Poltava and Carpatu (group VIII), areas jud-

ged as clean (table 1).

ìåëüñêîé îáëàñòè (Áåëîðóññèÿ) (ãðóïïà III); â 1991-

1993ãã. è â 1995 ã. - â ã. Êèåâå,õèìè÷åñêè çàãðÿçíåí-

íîì,â ÷àñòíîñòè,Á(à)Ï,è ïîñòðàäàâøåì îò àâàðèè íà

×ÀÝÑ (ãðóïïû IV è V). Â V ãðóïïó âîøëè îáðàçöû,

ïîëó÷åííûå â îòäåëå ïàòîëîãèè áåðåìåííîñòè ÍÈ-

ÈÏÀÃ. Ýòà ãðóïïà îáðàçöîâ ñôîðìèðîâàíà äëÿ òîãî,

÷òîáû âûÿñíèòü ñîñòîÿíèå äåòîêñèêàöèîííîé ñèñòåìû

ïðè íàèáîëåå òèïè÷íûõ îñëîæíåíèÿõ áåðåìåííîñòè,

÷àñòîòà êîòîðûõ â îñòàëüíûõ ãðóïïàõ äîâîëüíî âûñî-

êà; â 1992 è 2001 ã. - â ã. Çàïîðîæüå,êðóïíîì èíäó-

ñòðèàëüíîì öåíòðå ñ âûñîêèì ñîäåðæàíèåì Á(à)Ï â

àòìîñôåðíîì âîçäóõå (ãðóïïû VI è VII),è â 1992ã.è

2001ã. - â ã. Ïîëòàâà è â Êàðïàòàõ,óñëîâíî ÷èñòûõ â

ðàäèàöèîííîì è õèìè÷åñêîì îòíîøåíèè (ãðóïïà VI-

II) (òàáëèöà 1) 

TTAABBLLEE  11

CONTAMINATION WITH 
137
CS ISOTOPE AND BENZO(A)PYRENE IN SPECIFIED REGIONS

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  11  

ÇÀÃÐßÇÍÅÍÍÎÑÒÜ ÈÇÎÒÎÏÎÌ ÖÅÇÈß
137

È ÁÅÍÇÎ(À)ÏÈÐÅÍÎÌ ÐÀÉÎÍÎÂ, Â ÊÎÒÎÐÛÕ ÏÎËÓ×ÅÍÛ ÎÁÐÀÇÖÛ

SEEAED,  

mSv * 

Concentration of 

B(a)P in ambient air 

in period Ò (ng/m
3 

)  
Groups of samples and regions of 

their collection 

Number 

of 

samples 

 

Time (T)  of 

samples 

collection, 

years 

 

Soil 

contamination 

with Cs in 

1986 (kBq/m
2
) 

1986  Period Ò   

I Radiation zone of exclusion and  

of obligatory relocation 

18 1992–93 ~  600 ~ 25 

 

0.3–1.70 4.1** 12.8** 

II Zone of the intensive radiation 

monitoring  

17 1991–93 37–185 1.0 – 

5.0 

0.09–0.45 ~1.0  ~1.0  

III Zone of the facultative 

evacuation and periodic 

monitoring  

26 1999 17–79 0.45-

2.10 

0.02–0.09 ~1.0  ~1.0 

IV Radioactively and chemically 

polluted region (Kiev) 

20 1991–93 18 – 37 0.30-

0.60 

0.02–0.05 4.1 12.8 

V Radioactively and chemically 

polluted region (Kiev) 

21 1995–96 18 – 37 0.30-

0.60 

0.01–0.02 4.0  12.2  

VI Chemically polluted region  

(Zaporizhzhia) 

21 1992 2  - 4 <0.07 <0.01 12.3 33.3 

VII Chemically polluted region 

(Zaporizhzhia) 

13 2002 2  - 4 <0.07 <0.01 3.0 9.8 

VIII Regions considered as 

radioactively and chemically 

clean (Poltava  and Carpatu)  

10 

20 

1992–93 

2001 

4 - 10 

2 - 4 

<0.16 

<0.07 

<0.01 

<0.01 

4.6 

~ 1 

6.4 

~ 1 

Note: all the data about radioactive contamination and chemical pollution are given for specified settlements and are taken from official documents (see

References); * SEEADE - summary effective equivalent annual exposition dose; ** the data are given for the settlements of relocation and without it.

Ïðèìå÷àíèå: äàííûå î çàãðÿçíåííîñòè ïðèâåäåíû äëÿ îïðåäåëåííûõ íàñåëåííûõ ïóíêòîâ è âçÿòû èç îôèöèàëüíûõ äîêóìåíòîâ (ñì. Ñïèñîê

èñòî÷íèêîâ); *ÑÝÝÃÄÝ - ñðåäíÿÿ ýôôåêòèâíàÿ ýêâèâàëåíòíàÿ ãîäîâàÿ äîçà ýêñïîçèöèè; ** äàííûå ïðèâåäåíû äëÿ íàñåëåííûõ ïóíêòîâ, â

êîòîðûõ íå áûëî ïðîâåäåíî îòñåëåíèå, è äëÿ ìåñò îòñåëåíèÿ.

Immediately after placental delivery coagulated

blood was removed from organ surface,the placen-

ta was rinsed with cold 0,9% NaCl solution and

gently dried between paper towels. Placental tis-

sue was excised from the central part of the organ

through all the layers, frozen in liquid nitrogen

and stored at -70°C before experimental process-

ing.

Each sample was accompanied by a personal ques-

tionnaire included social and demographic data of

woman recently confined such as location and

duration of residence, and those about hazardous

habits,lifestyle peculiarities,diet,occupation,med-

ication consumption etc. Clinical data about

maternal and newborn health status were taken

from respective clinical records.

Ïîñëå ðîæäåíèÿ ïëàöåíòû êðîâü,êîòîðàÿ êîàãóëè-

ðîâàëà íà ïîâåðõíîñòè îðãàíà, óäàëÿëè, ïëàöåíòó

ïðîìûâàëè õîëîäíûì ôèçèîëîãè÷åñêèì ðàñòâîðîì

è ïðîñóøèâàëè ìåæäó äâóìÿ ñëîÿìè ôèëü-

òðîâàëüíîé áóìàãè. Îáðàçöû òêàíè áðàëè â öåí-

òðàëüíîé ÷àñòè îðãàíà ÷åðåç âñå åãî ñëîè, çàìî-

ðàæèâàëè â æèäêîì àçîòå è õðàíèëè ïðè òåìïå-

ðàòóðå -70°C äî ïðîâåäåíèÿ àíàëèçîâ.

Êàæäûé îáðàçåö ïëàöåíòû ñîïðîâîæäàëñÿ ñî-

öèàëüíî-äåìîãðàôè÷åñêèìè äàííûìè ðîæåíèöû,

ñâåäåíèÿìè î âðåäíûõ ïðèâû÷êàõ,õàðàêòåðå ïèòà-

íèÿ,ïðèåìå ëåêàðñòâ è äð.,Êëèíè÷åñêèå äàííûå î

ñîñòîÿíèè çäîðîâüÿ ìàòåðè,ïðîòåêàíèè áåðåìåííî-

ñòè è ðîäîâ, ñîñòîÿíèè çäîðîâüÿ íîâîðîæäåííîãî

áûëè ïîëó÷åíû èç èñòîðèè áåðåìåííîñòè è èç èñ-

òîðèè íîâîðîæäåííîãî.
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Biochemical assays

Subcellular fractions were prepared by a standard

differential centrifugation technique. Microcosms

were isolated in a buffer containing 150 mM KCl

and 10 mM EDTA (pH 7,4) and suspended in a

buffer containing 100 mM potassium phosphate,1

mM EDTA and 20% glycerol (pH 7,4) (Honka-

koski P.,Lang M.,1989).

The major placental detoxification enzyme glu-

tathionetransferase was determined in the cytoso-

lic fraction, S100, by monitoring the conjugate

(GSH-CDNB) formation between glutathione

(GSH) and 1-chloro-2,4 dinitrobenzene (CDNB)

(Habig W. et al., 1974). One unit (U) of enzy-

matic activity was considered the amount of enzy-

me catalyzing the formation of 1 mmol of product

(GSH-CDNB) per minute under the conditions of

the assays.

Lipid peroxidation intensity was estimated accor-

ding to content of compounds in homogenates by

reaction with thiobarbituric acid (Gavrilov V. et

al.,1987).

PAH-DNA adducts were detected in the Competi-

tive Immunochemiluminescence assay (CIA) (Di-

vi R. et al., 2002) using antibodies elicited aga-

inst DNA covalently bound with benzopyrenedio-

lepoxide (BPDE) ((±)r-7,t-8 dihydroxy-c-

9,10epoxy-7,8,9,10-tetrahydrobenzo (a)pyrene)

that are also specific for DNA samples modified

with benz(a)anthracene and chrysene (Poirier M.

et al., 1980). Every DNA sample was assayed in

triplicate at 10 ?g/well and percentage of inhibit-

ion in reaction of antibody with modified DNA

fixed on the bottom of the well was determined.

Adducts content values were expressed as the am-

ount of BPDE-DNA that would cause a similar

inhibition of reaction in the assay. The detection

limit of the assay was 2.2±0.4 adducts/109 nuc-

leotides. For DNA samples with adducts content

below the detection limit a value of half the detec-

tion limit was assigned. DNA was isolated by

standard procedures of lysis, incubation with pro-

teinase K and DNA deproteinization with phenol-

chloroform/isoamyl alcohol (Miller S. et al.,

1988).

In some representative samples we detected: 7-ethox-

ycoumarin-O-deethylase activity (ECOD) of micro-

somal fraction reflecting activity of CYP1A1 (Pas-

anen M.,1999) with 0.5 mM 7- ethoxycoumarin as

a substrate (Grenlee W.F., Poland A., 1978); glu-

tathionetransferase activity before and after treat-

ment of cytosolic fraction with 0.01M dithiotreitol

(DTT) (pH 8.0) 1h at 37°C. The fraction was puri-

fied from DTTby chromatography on G-25 Sepha-

dex column balanced with 0.1M Na-phosphate buf-

fer - 1 mM EDTA,pH 8.0.

Relative content of GSTP1-specific mRNA was de-

tected by Dot-hybridization with the probe kindly

provided by Prof. Kano (Japan). The hybridization

signals were normalized by hybridization of the sa

Áèîõèìè÷åñêèå èññëåäîâàíèÿ

Ñóáêëåòî÷íûå ôðàêöèè ïîëó÷àëè ñòàíäàðòíûì ìå-

òîäîì äèôôåðåíöèàëüíîãî öåíòðèôóãèðîâàíèÿ.

Ìèêðîñîìû âûäåëÿëè â áóôåðå, ñîäåðæàùåì 150

ìÌ KCl è 10 ìÌ ÝÄÒÀ (ðH 7,4),ïîìåùàëè â áó-

ôåð,ñîäåðæàùèé 100 ìÌ êàëèé-ôîñôàò,1 ìÌ ÝÄ-

ÒÀ è 20% ãëèöåðèí (ðÍ 7,4) (Honkakoski P.,Lang

M.,1989).

Â êà÷åñòâå îñíîâíîãî ïîêàçàòåëÿ ñîñòîÿíèÿ äåòîê-

ñèêàöèîííîé ñèñòåìû ïëàöåíòû îïðåäåëÿëè ÃÒ-àç-

íóþ àêòèâíîñòü öèòîçîëüíîé ôðàêöèè S100 â ðåàê-

öèè îáðàçîâàíèÿ êîíúþãàòà (Ãëóò-ÕÄÍÁ) ìåæäó

ãëóòàòèîíîì (Ãëóò) è èñêóññòâåííûì ñóáñòðàòîì 1-

õëîðî,2,4-äèíèòðîáåíçîëîì (ÕÄÍÁ) (Habig W. et

al.,1974). Çà åäèíèöó ôåðìåíòàòèâíîé àêòèâíîñòè

ïðèíèìàëè àêòèâíîñòü,ïðè êîòîðîé çà îäíó ìèíó-

òó â óñëîâèÿõ ïðîâåäåíèÿ ðåàêöèè îáðàçóåòñÿ 1

ìêìîëü ïðîäóêòà.

Èíòåíñèâíîñòü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ

(ÏÎË) îöåíèâàëè ïî ñîäåðæàíèþ ñîåäèíåíèé,ðåà-

ãèðóþùèõ ñ òèîáàðáèòóðîâîé êèñëîòîé (ÒÁÊ) (Ãà-

âðèëîâ Â. è ñîàâò.,1987).

ÏÀÓ-àääóêòû îïðåäåëÿëè ïóòåì êîíêóðåíòíîãî èì-

ìóíîõåìèëþìèíåñöåíòíîãî àíàëèçà (Divi R. et al.,

2002) ñ èñïîëüçîâàíèåì àíòèòåë ê ÄÍÊ,êîâàëåíòíî

ñâÿçàííîé ñ áåíçïèðåíäèîëýïîêñèäîì ((±)r-7,t-8 äè-

ãèäðîêñè-c-9,10 ýïîêñè-7,8,9,10-òåòðàãèäðîáåíç(à)-

ïèðåí, ÄÝÁÏ)). Ìåòîä ïîçâîëÿåò âûÿâëÿòü òàêæå

ÄÍÊ, ìîäèôèöèðîâàííóþ äðóãèìè êàíöåðîãåíàìè,

âêëþ÷àÿ áåíç(à)àíòðàöåí è õðèçåí (Poirier M. et

al.,1980). Êàæäûé îáðàçåö ÄÍÊ èññëåäîâàëè â òðåõ

ïàðàëëåëüíûõ ïðîáàõ ïî 10 ìêã è ðàññ÷èòûâàëè ïðî-

öåíò èíãèáèðîâàíèÿ ðåàêöèè àíòèòåë ñ ìîäèôèöèðî-

âàííîé ÄÍÊ, íàíåñåííîé íà äíî ëóíîê â ïëàøêå.

Ñîäåðæàíèå àääóêòîâ ïðåäñòàâëÿëè â âèäå êîëè÷å-

ñòâà ÄÍÊ,ìîäèôèöèðîâàííîé ÄÝÁÏ,êîòîðîå âûçû-

âàåò èíãèáèðîâàíèå ðåàêöèè,ñõîäíîå ñ èññëåäóåìûì

îáðàçöîì. ×óâñòâèòåëüíîñòü ìåòîäà ñîñòàâëÿëà

2,2±0,4 àääóêòà/109 íóêëåîòèäîâ. Äëÿ îáðàçöîâ

ÄÍÊ ñ êîëè÷åñòâîì àääóêòîâ íèæå îïðåäåëÿåìîãî

÷óâñòâèòåëüíîñòüþ ìåòîäà ïðèíèìàëè çíà÷åíèÿ,ðàâ-

íûå ïîëîâèíå çíà÷åíèÿ ÷óâñòâèòåëüíîñòè ìåòîäà.

ÄÍÊ âûäåëÿëè ñòàíäàðòíûì ìåòîäîì ñ èñïîëüçîâà-

íèåì ïðîòåèíàçû Ê è ôåíîëüíîé äåïðîòåèíèçàöèè

(Miller S. et al.,1988).

Â ðÿäå ïðåäñòàâèòåëüíûõ îáðàçöîâ îïðåäåëÿëè: 7-

ýòîêñèêóìàðèí-Î-äèýòèëàçíóþ àêòèâíîñòü (ECOD)

ìèêðîñîìàëüíîé ôðàêöèè, îòðàæàþùóþ àêòèâíîñòü

CYP1A1 (Pasanen M.,1999),ñ èñïîëüçîâàíèåì 0,5 ìM

7-ýòîêñèêóìàðèíà â êà÷åñòâå ñóáñòðàòà (GrenleeW.F.,

Poland A.,1978); ãëóòàòèîíòðàíñôåðàçíóþ àêòèâíîñòü

äî è ïîñëå îáðàáîòêè öèòîçîëüíîé ôðàêöèè 0,01Ì

äèòèîòðåéòîëîì (ÄÒÒ) â òå÷åíèå 1 ÷àñà ïðè 37°Ñ (pH

8,0). Î÷èñòêó ôðàêöèè îò ÄÒÒ ïðîâîäèëè íà êîëîí-

êå ñ ñåôàäåêñîì G-25,óðàâíîâåøåííîì 0,1Ì Na-ôîñ-

ôàòíûì áóôåðîì ñ 1 ìÌ ÝÄÒÀ,pH 8,0.

Îòíîñèòåëüíîå ñîäåðæàíèå GSTP1-ñïåöèôè÷åñêîé

ìÐÍÊ îïðåäåëÿëè Dot-ãèáðèäèçàöèåé ñ çîíäîì,

ëþáåçíî ïðåäîñòàâëåííûì ïðîô. Êàíî (ßïîíèÿ).

Äëÿ íîðìàëèçàöèè ðåçóëüòàòîâ ôèëüòð îòìûâàëè è

Obolenskaya et al. / International Journal of Radiation Medicine 2004, 6(1-4): 154-166
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me RNA samples with the probe corresponding to

18S rRNA kindly provided by Dr. V. Nosikov

(Russia). The probes were radioactively labeled

with 32Pin reaction with random primers (Sambro-

ok J. et al.,1989). The radioautographs were sub-

jected to densitometry,then values were normalized

according to the ratio of optical densities of GSTP1-

specific signal to 18S-specific signal and averaged

out within three assays.

The protein concentration was detected with the

method by Bradford (Bradford M.,1976).

Data analyses

Statistical analysis was held through the Stu-

dent's coefficient application, correlation and

multiple regression analysis in Statistica softwa-

re, version 6.0 (Lakin G., 1990; Borovikov V.,

2001).

RESULTS

Social, economic, demographic 

and clinical characteristic of the groups

According to the questionnaires the women whose

specimens were taken for investigation did not smo-

ke,drink alcohol and use drugs during the pregnan-

cy. They had no professional contact with xenobio-

tics. They had middle income,similar lifestyle and

diet. All the women but those from the group I li-

ved not less than three years in the indicated terri-

tories. Women whose placental samples were assa-

yed and who were former inhabitants of zones of

exclusion and obligatory relocation had been in

their time resettled to Kiev and Kiev district whe-

re they lived till delivery.

Mean age of the recently confined women from the

whole cohort was 25.7±0.5 years. Significantly

higher mean age was at Kiev citizens (28.4-29.2 ye-

ars,group IV,V) and lower at citizens from rural ar-

eas (22.1±0.8 years,group II,24.4±1.0,group III)

and so called "clean" area (24.6±0.9 years, group

VIII) compared to the respective value in the whole

cohort. The women with complicated obstetric

anamnesis, particularly recurrent early pregnancy

losses, infertility in anamnesis were the eldest

ïîâòîðíî ãèáðèäèçîâàëè ñ çîíäîì ê ôðàãìåíòó 18S

ðÐÍÊ, ëþáåçíî ïðåäîñòàâëåííûì Â. Íîñèêîâûì

(Ðîññèÿ). Çîíäû ìåòèëè ðàäèîàêòèâíûì ôîñôîðîì

(32P) â ðåàêöèè ïîëèìåðèçàöèè ñ ðàññåÿííîé çàò-

ðàâêîé (Sambrook J. et al.,1989). Ðàäèîàâòîãðàôû

äåíñèòîìåòðèðîâàëè, çíà÷åíèÿ íîðìàëèçîâàëè ïî

îòíîøåíèþ îïòè÷åñêîé ïëîòíîñòè GSTP1-ñïåöèôè-

÷åñêîãî ñèãíàëà ê 18S- ñïåöèôè÷åñêîìó ñèãíàëó è

óñðåäíÿëè ïî òðåì ïàðàëëåëüíûì èçìåðåíèÿì.

Áåëîê îïðåäåëÿëè ïî ìåòîäó Áðåäôîðäà (Bredford

M.,1976).

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ðåçóëüòàòîâ

Ñòàòèñòè÷åñêóþ îáðàáîòêó ïðîâîäèëè ñ èñïîëüçî-

âàíèåì ìåòîäîâ Ñòüþäåíòà, êîððåëÿöèîííîãî è

ìíîæåñòâåííîãî ðåãðåññèîííîãî àíàëèçîâ â ïðî-

ãðàììå Statistica,âåðñèÿ 6.0 (Ëàêèí Ã.,1990; Áîðî-

âèêîâ Â.,2001).

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈß

Ñîöèàëüíî-ýêîíîìè÷åñêàÿ, äåìîãðàôè÷åñêàÿ 

è êëèíè÷åñêàÿ õàðàêòåðèñòèêà ãðóïï

Ïî äàííûì âîïðîñíèêîâ æåíùèíû,îáðàçöû ïëàöåí-

òû êîòîðûõ áûëè âçÿòû äëÿ èññëåäîâàíèÿ,íå êóðè-

ëè,íå óïîòðåáëÿëè àëêîãîëü è íàðêîòèêè â òå÷åíèå

áåðåìåííîñòè. Ïðîôåññèîíàëüíîãî êîíòàêòà ñ êñå-

íîáèîòèêàìè íå èìåëè. Ó íèõ áûëè ñðåäíèå äîõî-

äû,ñõîäíûé ñòèëü æèçíè è õàðàêòåð ïèòàíèÿ. Âñå

îíè,êðîìå òåõ,êîòîðûå îòíåñåíû â ïåðâóþ ãðóïïó,

ïðîæèâàëè íå ìåíåå òðåõ ëåò íà óêàçàííûõ òåððè-

òîðèÿõ. Áûâøèå æèòåëüíèöû çîí îò÷óæäåíèÿ è

îáÿçàòåëüíîé ýâàêóàöèè,îáðàçöû êîòîðûõ èññëåäî-

âàíû, áûëè ïåðåñåëåíû è ïðîæèâàëè â ã. Êèåâå è

Êèåâñêîé îáëàñòè äî ìîìåíòà ðîäîâ.

Ñðåäíèé âîçðàñò ðîæåíèö îáùåé âûáîðêè ñîñòàâëÿ-

åò 25,7±0,5 ãîäà. Ó êèåâëÿíîê (ãðóïïû IV è V)

ñðåäíèé âîçðàñò (28,4-29,2 ãîäà) îêàçàëñÿ äîñòî-

âåðíî âûøå, à ó ðîæåíèö èç ñåëüñêèõ ìåñòíîñòåé

(ãðóïïà II,22,1±0,8 ãîäà,ãðóïïà III,) è èç "÷èñòîé"

çîíû (ãðóïïà VIII,24,6±0.9 ãîäà) äîñòîâåðíî íèæå

ñðåäíåãî çíà÷åíèÿ äëÿ âñåé âûáîðêè. Ñàìûìè

ñòàðøèìè áûëè ðîæåíèöû,â àíàìíåçå êîòîðûõ çà-

ðåãèñòðèðîâàíû ñëó÷àè àêóøåðñêîé ïàòîëîãèè, â

òîì ÷èñëå ñàìîïðîèçâîëüíûå àáîðòû è áåñïëîäèå â

àíàìíåçå (ãðóïïà V,29,2±1,5 ãîäà) (òàáëèöà 2).

TTAABBLLEE  22  

SOME CHARACTERISTICS OF MOTHERS AND NEWBORNS IN THE GROUPS OF INVESTIGATION

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  22  

ÍÅÊÎÒÎÐÛÅ ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÐÎÆÅÍÈÖ È ÍÎÂÎÐÎÆÄÅÍÍÛÕ Â ÈÑÑËÅÄÎÂÀÍÍÛÕ ÃÐÓÏÏÀÕ

Groups Maternal age, 

years 

Length of 

newborns, cm 

Newborn 

boys/girls, % 

Weight of 

newborns, g 

Apgar  score 

I 25.1±1.2 53.3±0.5 43%/57% 3733±119 7.5±0.2 

II 22.1±0.8 50.5±0.4 83%/17%      3197±93 7.7±0.1 

III 24.4±1.0 52.2±0.5 46%/54%      3307±83 8.2±0.1 

IV 28.4±1.8 51.5±0.6 64%/36% 3223±128 7.4±0.3 

V 29.2±1.5 50.8±0.5 50%/50% 3121±108 7.4±0.2 

VI 26.3±1.6 52.8±0.7  3293±217 8.2±0.2 

VII 25.7±1.4 52.8±0.7 42%/58% 3508±121 7.7±0.3 

VIII 24.6±0.9 53.6±0.5 56%/44%      3348±29 9.0±0.2 

Note: "-"  data not available.

Ïðèìå÷àíèå: "-" äàííûå íå èçâåñòíû.
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The difference between birth weight of newborns

in various groups was not significant.

Nevertheless the highest bodyweight and length

were fixed at newborns from group I. The Apgar

higher score were found in radioecologically

"clean" area (group VIII). In the group I,IV and

V Apgar score were significantly lower than in

other ones (table 2).

Glutathionetransferase activity, relative con-

tent of GSTP1-specific mRNA and PAH-DNA

adducts in placental specimens

The glutathionetransferase activity in the samples

from eight groups revealed a bimodal distribution

(figure 1). In groups I,IV-VI the enzymatic activ-

ity was in the range 150-204 nmol ´ mg protein-1

´ min-1. In the II,III,VII and VIII groups of the

samples from less contaminated areas the glu-

tathionetransferase activity was in the range 271-

310 nmol ´ mg protein-1 ´ min-1 (figure 1).

Multiple regression analysis has shown that glu-

tathionetransferase activity correlates with ambi-

ent air pollution by B(a)P(linear regression coef-

ficient b= - 0.44; p<0.001) and with value of sum-

mary effective equivalent annual expositional dose

(SEEAED) (b = - 0.28; p = 0.004). The lower

GSTactivity corresponded to the higher PAH-DNA

adduct content in DNA (figure 1). Correlation

analysis results indicate high degree of inverse

association between mean values of both indices

(Pearson's correlation index r = - 0.86,p = 0.006)

(figure 2).

Ïî ìàññå òåëà íîâîðîæäåííûå èç ðàçíûõ ãðóïï

äîñòîâåðíî íå îòëè÷àþòñÿ ìåæäó ñîáîé. Îäíàêî,

ñàìûå áîëüøèå ðîñò è ìàññà îáíàðóæåíû ó

íîâîðîæäåííûõ â ãðóïïå I. Ïîêàçàòåëü øêàëû

Àïãàð áûë íàèáîëåå âûñîêèì â óñëîâíî ÷èñòîì

ðåãèîíå (ãðóïïà VIII). Â ãðóïïàõ I, IV è V

ïîêàçàòåëè øêàëû Àïãàð áûëè äîñòîâåðíî íèæå,

÷åì â äðóãèõ (òàáëèöà 2).

Ãëóòàòèîíòðàíñôåðàçíàÿ àêòèâíîñòü,

ñîäåðæàíèå GSTP1-ñïåöèôè÷åñêîé ìÐÍÊ è

ÏÀÓ-àääóêòû ÄÍÊ â îáðàçöàõ ïëàöåíòû

Ãëóòàòèîíòðàíñôåðàçíàÿ àêòèâíîñòü îáùåé

âûáîðêè èìååò áèìîäàëüíîå ðàñïðåäåëåíèå (ðè-

ñóíîê 1). Åå çíà÷åíèÿ íàõîäÿòñÿ â ïðåäåëàõ 150-

204 íìîëü ´ ìã áåëêà-1 ´ ìèí-1 â ãðóïïàõ I,IV-VI.

Â ãðóïïàõ II, III, VII è VIII ÃÒ-àçíàÿ àêòèâíîñòü

êîëåáëåòñÿ â ïðåäåëàõ 271,9-310,0 íìîëü ´ ìã

áåëêà-1 ´ ìèí-1 (ðèñóíîê 1). Ìíîæåñòâåííûé ðå-

ãðåññèîííûé àíàëèç ïîêàçàë, ÷òî ÃÒ-àçíàÿ àê-

òèâíîñòü êîððåëèðóåò ñ çàãðÿçíåíèåì âîçäóõà

áåíçî(à)ïèðåíîì (êîýôôèöèåíò ëèíåéíîé ðå-

ãðåññèè b = - 0,44, p<0,001) è ñ âåëè÷èíàìè ñðåä-

íåé ýôôåêòèâíîé ýêâèâàëåíòíîé ãîäîâîé äîçîé

ýêñïîçèöèè (ÑÝÝÃÄÝ) (b = - 0,28 è p<0,004).

Ìåíüøåé ÃÒ-àçíîé àêòèâíîñòè ñîîòâåòñòâóåò áîëü-

øåå ñîäåðæàíèå ÏÀÓ-àääóêòîâ â ÄÍÊ (ðèñóíîê

1). Ðåçóëüòàòû êîððåëÿöèîííîãî àíàëèçà îáíàðó-

æèâàþò âûñîêóþ ñòåïåíü çàâèñèìîñòè ìåæäó

ñðåäíåàðèôìåòè÷åñêèìè ïîêàçàòåëÿìè îáåèõ

âåëè÷èí (êîýôôèöèåíò êîððåëÿöèè Ïèðñîíà r = -

0,85; p = 0,006) (ðèñóíîê 2).

FFIIGGUURREE  11.. CYTOSOLIC GLUTATHIONETRANSFERASE ACTIVITY AND PAH-DNA ADDUCTS 

IN PLACENTAL SAMPLES FROM DIFFERENT GROUPS OF INVESTIGATION

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  11..  ÃËÓÒÀÒÈÎÍÒÐÀÍÑÔÅÐÀÇÍÀß ÀÊÒÈÂÍÎÑÒÜ ÖÈÒÎÇÎËß È ÑÎÄÅÐÆÀÍÈÅ ÏÀÓ-ÀÄÄÓÊÒÎÂ 

Â ÄÍÊ ÈÇ ÎÁÐÀÇÖÎÂ ÏËÀÖÅÍÒÛ ÐÀÇÍÛÕ ÃÐÓÏÏ ÈÑÑËÅÄÎÂÀÍÈß
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Note. Ordinate: left - cytosolic GST activity, nmol of GSH-CDNB × mg protein
-1
× min

-1
(rare dots), 

right: content of PAH-DNA adducts /109 nucleotides (frequent dots); abscissa: number of group

Ïðèìå÷àíèå. Ïî îñè îðäèíàò: ñëåâà - ÃÒ-àçíàÿ àêòèâíîñòü öèòîçîëÿ, íìîëü ÃÒ-ÕÄÍÁ × ìã áåëêà
-1
× ìèí

-1
, (ðåäêèå òî÷êè), ñïðàâà - ñîäåðæàíèå

ÏÀÓ-àääóêòîâ â ÄÍÊ/109 (÷àñòûå òî÷êè). Ïî îñè àáñöèññ - ãðóïïû îáðàçöîâ.
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FFIIGGUURREE  22.. CORRELATION BETWEEN MEAN VALUES OF CYTOSOLIC GLUTATHIONETRANSFERASE ACTIVITY 

AND PAH-DNA ADDUCTS CONTENT IN PLACENTAL SAMPLES FROM DIFFERENT GROUPS

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  22.. ÊÎÐÐÅËßÖÈß ÌÅÆÄÓ ÑÐÅÄÍÅÀÐÈÔÌÅÒÈ×ÅÑÊÈÌÈ ÇÍÀ×ÅÍÈßÌÈ ÃËÓÒÀÒÈÎÍÒÐÀÍÑÔÅÐÀÇÍÎÉ ÀÊÒÈÂÍÎÑÒÈ ÖÈÒÎÇÎËß

È ÑÎÄÅÐÆÀÍÈÅÌ ÏÀÓ - ÀÄÄÓÊÒÎÂ Â ÄÍÊ Â ÎÁÐÀÇÖÀÕ ÏËÀÖÅÍÒÛ ÈÇ ÐÀÇÍÛÕ ÃÐÓÏÏ
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Correlation r = -0.86, p = 0.006 

Note. Ordinate: cytosolic GST activity, nmole of GS-CDNB × mg protein
-1
× min

-1
, abscissa: 

content of PAH-DNA adducts /109 nucleotides.

Ïðèìå÷àíèå. Ïî îñè îðäèíàò - ÃÒ-àçíàÿ àêòèâíîñòü öèòîçîëÿ, íìîëü ÃÒ-ÕÄÍÁ × ìã áåëêà
-1
× ìèí

-1
; 

ïî îñè àáñöèññ - êîëè÷åñòâî ÏÀÓ-ÄÍÊ àääóêòîâ/109 íóêëåîòèäîâ.

The dithiotreitol (DTT) ability to restore cytosolic

glutathionetransferase activity in vitro varied in dif-

ferent groups. After DTTtreatment GSTactivities in

the specimens from radioactively contaminated and

radioactively and chemically contaminated areas

(groups I-V) increased 1.3-1.5 times, while in the

specimens from highly chemically polluted area

(group VI) it increased 2.5 times. The samples from

these groups differed both in relative amount of

GSTP1-specific mRNA in nonfractionated total pla-

cental RNA. It is approximately 3times lower in the

specimens from radioactively highly exposed women

(group I) and 6 times higher in the specimens from

inhabitants of chemically highly contaminated area

(group VI) in comparison with "clean" area (group

VIII) (figure 3).

Ethoxycoumarin O-deethylase activity and

TBARS content in placental specimens from

different groups

Ethoxycoumarin O-deethylase activity was mea-

sured in the specimens from several groups and

the values were compared with those obtained in

conditionally "clean" regions (9.9 ±1.9 pmol ×

mg protein-1
× min-1). In the specimens from ra-

dioactively highly exposed women (group I)

and from the women with obstetrical pathology

(group V) ECODactivity values were nearly 2.5

times higher than those from the "clean" area and

consisted 25.5 ± 5.8 and 24.6± 6.6pmol × mg pro-

tein-1
× min-1, respectively. In the specimens from

highly polluted area (group VI) ECOD activity

was 70.3± 13.7 pmol × mg protein-1
× min-1 nearly

5 - 7 times higher than from the "clean" area. In

the specimens from the area with lower SEEAED

and from Kiev with mixed pollution 

Âîññòàíîâèòåëüíîå äåéñòâèå äèòèîòðåéòîëà (ÄÒÒ) íà

ÃÒ-àçíóþ àêòèâíîñòü öèòîçîëÿ ïî-ðàçíîìó

ïðîÿâëÿåòñÿ â îáðàçöàõ èç ðàçíûõ ãðóïï. Åñëè â

ðåçóëüòàòå îáðàáîòêè ÄÒÒ â îáðàçöàõ èç

ðàäèîàêòèâíî çàãðÿçíåííûõ òåððèòîðèé è òåððèòîðèé

ñî ñìåøàííûì çàãðÿçíåíèåì (ãðóïïû I - V) ÃÒ-àçíàÿ

àêòèâíîñòü ïîâûøàåòñÿ â 1,3 - 1,5 ðàçà,òî â îáðàçöàõ

ñ âûðàæåííûì õèìè÷åñêèì çàãðÿçíåíèåì (ãðóïïà VI)

îíà ïîâûøàåòñÿ â 2,5 ðàçà. Îáðàçöû èç ýòèõ ãðóïï

îòëè÷àþòñÿ ìåæäó ñîáîé è ïî îòíîñèòåëüíîìó

ñîäåðæàíèþ GSTP1-ñïåöèôè÷åñêîé ìÐÍÊ. Îíî

ñíèæåíî ïðèìåðíî â 3 ðàçà â îáðàçöàõ èç ðàéîíîâ ñ

ðàäèîàêòèâíûì çàãðÿçíåíèåì (ãðóïïà I) è ïîâûøåíî

ïðèáëèçèòåëüíî â 6 ðàç â îáðàçöàõ èç ðàéîíîâ ñ

õèìè÷åñêèì çàãðÿçíåíèåì (ãðóïïà VI) ïî ñðàâíåíèþ ñ

óñëîâíî ÷èñòûì ðàéîíîì (ãðóïïà VIII) (ðèñóíîê 3).

Ýòîêñèêóìàðèí-Î-äèýòèëàçíàÿ àêòèâíîñòü è

ñîäåðæàíèå ÒÁÊ-ðåàãèðóþùèõ ñîåäèíåíèé â

îáðàçöàõ èç ðàçíûõ ãðóïï

Ýòîêñèêóìàðèí-Î-äèýòèëàçíóþ àêòèâíîñòü îïðåäå-

ëÿëè â îáðàçöàõ èç íåñêîëüêèõ ãðóïï, è ïîëó÷åí-

íûå âåëè÷èíû ñðàâíèâàëè ñ ïîêàçàòåëÿìè îáðàç-

öîâ èç óñëîâíî ÷èñòîãî ðàéîíà,ãäå îíà ñîñòàâëÿëà

9,9 ±1,9 ïìîëü × ìã áåëêà-1
× ìèí-1. Â îáðàçöàõ îò

èíòåíñèâíî îáëó÷åííûõ æåíùèí (ãðóïïà I) è îò

ðîæåíèö ñ àêóøåðñêîé ïàòîëîãèåé (ãðóïïà V) âå-

ëè÷èíû ECOD àêòèâíîñòè âûøå ïðèìåðíî â 2,5

ðàçà, ÷åì â óñëîâíî "÷èñòîé" çîíå, è ñîñòàâëÿþò

25,5 ± 5,8 è 24,6 ± 6,6 ïìîëü × ìã áåëêà-1
× ìèí-1,

ñîîòâåòñòâåííî. Â îáðàçöàõ èç ðàéîíà ñ âûðàæåí-

íûì õèìè÷åñêèì çàãðÿçíåíèåì (ãðóïïà VI) âåëè-

÷èíû ECODàêòèâíîñòè ïðèìåðíî â 5 - 7 ðàç âû-

øå, ÷åì â "÷èñòîé" çîíå, è ñîñòàâëÿþò 70,3 ± 13,7

ïìîëü × ìã áåëêà-1
× ìèí-1. Â îáðàçöàõ èç ðàéîíîâ

ñ íèçêèìè äîçàìè ÑÝÝÃÄÝ è ñî ñìåøàííûì õàðàê-
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òåðîì çàãðÿçíåííîñòè çíà÷åíèÿ ECOD àêòèâíîñòè

ñîñòàâëÿëè 39.0 ± 8.3 ïìîëü × ìã áåëêà-1
× ìèí-1.

Ïî ñîäåðæàíèþ ÒÁÊ-ðåàãèðóþùèõ ñîåäèíåíèé

ñðåäè âñåõ îáðàçöîâ ðåçêî âûäåëÿþòñÿ îáðàçöû èç

äâóõ ãðóïï - èç I, ãäå îíî ñîñòàâëÿåò 127,1±16,3

ìêìîëü/ã òêàíè, è èç V ãðóïïû ñ àêóøåðñêîé

ïàòîëîãèåé â àíàìíåçå (26,1±2,8 ìêìîëü/ã), è

ñîîòâåòñòâåííî ïðèìåðíî â 2 ðàçà âûøå è íèæå

çíà÷åíèé â îñòàëüíûõ ãðóïïàõ,ãäå îíè êîëåáëþòñÿ

â ïðåäåëàõ ìåæäó 52,6 è 85,0 ìêìîëü/ã òêàíè.

Êîððåëÿöèÿ ìåæäó ãëóòàòèîíòðàíñôåðàçíîé àê-

òèâíîñòüþ â ïëàöåíòå è êëèíè÷åñêèìè ïîêàçà-

òåëÿìè ìàòåðè è íîâîðîæäåííîãî 

Ïðîâåäåííûé àíàëèç ïîêàçàë, ÷òî ÃÒ-àçíàÿ àêòèâ-

íîñòü öèòîçîëüíîé ôðàêöèè êîððåëèðóåò ñ ïîêàçàòå-

ëÿìè øêàëû Àïãàð è ÷àñòîòîé ñëó÷àåâ àêóøåðñêîé

ïàòîëîãèè. ×åì âûøå ÃÒ-àçíàÿ àêòèâíîñòü,òåì âûøå

ïîêàçàòåëè øêàëû Àïãàð (êîýôôèöèåíò êîððåëÿ-

öèè Ïèðñîíà r = 0,34; p< 0,001). Áîëåå ñëàáàÿ,íî

íåãàòèâíàÿ êîððåëÿöèÿ âûÿâëåíà ìåæäó ÃÒ-àçíîé

àêòèâíîñòüþ è âîçðàñòîì ìàòåðè (r = - 0,2; p <0,03).

Êðîìå òîãî,ñëàáàÿ äîñòîâåðíàÿ íåãàòèâíàÿ êîððåëÿ-

öèÿ îáíàðóæåíà ñî ñëåäóþùèìè íîçîëîãè÷åñêèìè

åäèíèöàìè: óãðîçà ïðåðûâàíèÿ áåðåìåííîñòè (r = -

0,21; p < 0,017), àíåìèÿ áåðåìåííûõ (r = - 0,19;

p<0,026), âíóòðèóòðîáíàÿ ãèïîêñèÿ ïëîäà (r = -

0,17; p < 0,046). Åñëè îáúåäèíèòü àíåìèþ è ãèïî-

êñèþ êàê ñîñòîÿíèÿ,äëÿ êîòîðûõ õàðàêòåðíà êèñëî-

ðîäíàÿ íåäîñòàòî÷íîñòü, òî êîððåëÿöèÿ ñòàíîâèòñÿ

áîëåå âûðàæåííîé (r = - 0,24; p< 0,006). Âûÿâëåíà

òàêæå äîñòîâåðíàÿ êîððåëÿöèÿ ÃÒ-àçíîé àêòèâíîñòè

ñ êîëè÷åñòâîì ìåäèöèíñêèõ àáîðòîâ â àíàìíåçå ðî-

æåíèö (r = - 0,23; p<0,036) ïðè îòñóòñòâèè ñâÿçè c

FFIIGGUURREE  33.. RADIOAUTOGRAPHS OF HYBRIDIZATION SIGNALS OF GSTP1-SPECIFIC mRNA (A) AND 18S rRNA (B) IN TOTAL PLACENTAL RNA

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  33.. ÐÀÄÈÎÀÂÒÎÃÐÀÔ ÐÅÇÓËÜÒÀÒÎÂ ÃÈÁÐÈÄÈÇÀÖÈÈ ÍÅÔÐÀÊÖÈÎÍÈÐÎÂÀÍÍÎÉ ÏËÀÖÅÍÒÀÐÍÎÉ ÐÍÊ Ñ ÇÎÍÄÀÌÈ,

ÑÏÅÖÈÔÈ×ÅÑÊÈÌÈ Ê GSTP1 ìÐÍÊ (À) È 
18
S ðÐÍÊ (Â)
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Note. 1, 3 and 9 micrograms of total RNA were loaded; C - ratio between intensity of GSTP1-specific (A) and 18SrRNA-specific (B) signals; bands des-

ignated in upper row correspond to RNA samples from group VI (1-4), group VIII (5-7, 10) and group I (8, 9).

Ïðèìå÷àíèå. Êàæäàÿ ÐÍÊ íàíåñåíà â âèäå òðåõ ïÿòåí, ñîäåðæàùèõ 1, 3 è 9 ìèêðîãðàìì; Ñ - îòíîøåíèå èíòåíñèâíîñòè GSTP1-ñïåöèôè÷åñêîãî

ãèáðèäèçàöèîííîãî ñèãíàëà (A) ê èíòåíñèâíîñòè 18S ðÐÍÊ-ñïåöèôè÷åñêîãî ãèáðèäèçàöèîííîãî ñèãíàëà (B); äîðîæêè: 1-4 - ÐÍÊ èç îáðàçöîâ

ïëàöåíò VI ãðóïïû; 5-7, 10 - ÐÍÊ èç îáðàçöîâ ïëàöåíò VIII ãðóïïû; 8, 9 - ÐÍÊ èç îáðàçöîâ ïëàöåíò I  ãðóïïû.

ECODactivities were at intermediate level,39.0 ±

8.3 pmol × mg protein-1
× min-1.

Among all the groups two were distinguished by

thiobarbituric reactive substances (TBARS) con-

tent: group I in which it consisted 127.1±16.3

mmol/g tissue, and group V with obstetrical

pathology in anamnesis, in which it consisted

26.1±2.8 mmol/g tissue,and correspondingly were

two times higher and lower than values in other

groups (52.6-58.0 mmol/g tissue).

Correlation between placental glutathionetrans-

ferase activity and indices of maternal and new-

born health status

The statistical analysis of data has shown that

cytosolic glutathionetransferase activity correlates

with Apgar's score and with the frequency of

obstetrical pathological cases. The higher is glu-

tathionetransferase activity the higher is Apgar's

score (Pearson's coefficient r = 0.34; p<0.001).

More weak but significant inverse correlation is

revealed between GSTactivity and maternal age (r

= - 0.2; p = 0.03). Weak inverse correlation was

found also between GSTactivity and frequency of

several pathological cases: menacing abortion (r =

- 0.21; p = 0.017),anemia (r = - 0.19; p = 0.026),

intra- uterine fetal hypoxia (r = - 0.17; p = 0.046).

If to combine anemia and hypoxia as the cases with

similar oxygen insufficiency then indicated corre-

lation becomes more pronounced (r = - 0.24; p =

0.006). Correlation was also found between GST

activity and the number of medical abortions in

anamnesis (r = - 0.23; p = 0.036). But none of

the following cases,early and late gestosis,oligo-

ðÐÍÊ
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òàêèìè òèïàìè ïàòîëîãèè êàê ðàííèå è ïîçäíèå òîê-

ñèêîçû,ìàëî- è ìíîãîâîäèå,ïðåæäåâðåìåííîå îòõîæ-

äåíèå îêîëîïëîäíûõ âîä,ñëàáîñòü ðîäîâîé äåÿòåëü-

íîñòè,êðîâîòå÷åíèÿ,ñïîíòàííûå àáîðòû.

ÎÁÑÓÆÄÅÍÈÅ

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì,÷òî

ÃÒ-àçíàÿ àêòèâíîñòü ïëàöåíòû è ÏÀÓ-àääóêòû ÿâ-

ëÿþòñÿ èíòåãðàëüíûìè ïîêàçàòåëÿìè. Ñ îäíîé

ñòîðîíû îíè îòðàæàþò ñòåïåíü çàãðÿçíåííîñòè

îêðóæàþùåé ñðåäû, òàê êàê ÷åì îíà (çàãðÿçíåí-

íîñòü) âûøå,òåì â áîëüøåé ñòåïåíè ñíèæåíà ÃÒ-àç-

íàÿ àêòèâíîñòü è áîëüøåå êîëè÷åñòâî ÏÀÓ-àääóê-

òîâ íàêàïëèâàåòñÿ â ÄÍÊ ïëàöåíòû. Ñ äðóãîé ñòî-

ðîíû ÃÒ-àçíàÿ àêòèâíîñòü ïëàöåíòû êîððåëèðóåò ñ

ñîñòîÿíèåì çäîðîâüÿ ìàòåðè, ÷òî ïîäòâåðæäàåòñÿ

äîñòîâåðíûìè êîýôôèöèåíòàìè êîððåëÿöèè ñ ÷à-

ñòîòîé íåêîòîðûõ ïàòîëîãè÷åñêèõ îòêëîíåíèé â òå-

÷åíèå áåðåìåííîñòè,ñ àêóøåðñêîé ïðåäûñòîðèåé è

äàæå ñ âîçðàñòîì ìàòåðè. Îïîñðåäîâàííàÿ ñâÿçü

ìåæäó ÃÒ-àçíîé àêòèâíîñòüþ è ñîñòîÿíèåì íîâî-

ðîæäåííîãî ïîäòâåðæäàåòñÿ åå ïîëîæèòåëüíîé

êîððåëÿöèåé ñî øêàëîé Àïãàð.

Â íàøåì èññëåäîâàíèè íàèáîëåå ñèëüíîå âëèÿíèå

íà ÃÒ-àçíóþ àêòèâíîñòü îêàçûâàþò çàãðÿçíåííàÿ

õèìè÷åñêèìè ñîåäèíåíèÿìè àòìîñôåðà,ìåíåå ñèëü-

íîå - ðàäèîàêòèâíîå îáëó÷åíèå. Âëèÿíèå çäîðîâüÿ

ìàòåðè ìåíåå âûðàæåíî ïî ñðàâíåíèþ ñ ïåðå÷è-

ñëåííûìè ôàêòîðàìè. Íàèáîëåå ñóùåñòâåííûì

ñëåäñòâèåì ñíèæåííîé ÃÒ-àçíîé àêòèâíîñòè ÿâëÿ-

åòñÿ íàêîïëåíèå ÏÀÓ-àääóêòîâ â ÄÍÊ è ñâÿçàííîå

ñ íèì ïîÿâëåíèå óãðîçû äëÿ íîâîðîæäåííîãî. Âû-

ñîêóþ ÷óâñòâèòåëüíîñòü ÃÒ-àçíîé àêòèâíîñòè ê

ðàçëè÷íûì âíóòðåííèì è âíåøíèì ôàêòîðàì ìîæ-

íî îáúÿñíèòü ìíîãîîáðàçèåì ñïîñîáîâ ðåãóëÿöèè

ýêñïðåññèè ãåíà GSTP1 è àêòèâíîñòè ôåðìåíòà

(Knapen M. åt al.,1999).

Ó÷èòûâàÿ òî,÷òî â íàèáîëåå çàãðÿçíåííûõ ðàäèîíó-

êëèäàìè è áåíçî(à)ïèðåíîì ðàéîíàõ,ÃÒ-àçíàÿ àêòèâ-

íîñòü è ÏÀÓ-àääóêòû ÷èñëåííî îäèíàêîâû,âîçíèêà-

åò âîïðîñ î ñïåöèôè÷åñêîé ðîëè êàæäîãî èç ôàêòî-

ðîâ â ýòèõ èçìåíåíèÿõ. Ìåæäó îáðàçöàìè èç ýòèõ

ðàéîíîâ âûÿâëåí ðÿä ðàçëè÷èé ïî íåñêîëüêèì äðó-

ãèì ïîêàçàòåëÿì. Â ïàðàëëåëüíûõ èññëåäîâàíèÿõ â

îáðàçöàõ èç ãðóïïû I áûë îáíàðóæåí èçîòîï 137Ñs â

êîëè÷åñòâå îò 1,2 äî 1,8 Áê/êã âåñà (Çàäîðîæíà Ò.

è ñîàâò.,1993). Ýòî îçíà÷àåò,÷òî íà ôîíå âíåøíåãî

îáëó÷åíèÿ ïðîèñõîäèò òàêæå õðîíè÷åñêîå âíóòðåí-

íåå îáëó÷åíèå íèçêèìè äîçàìè. Â îáðàçöàõ èç ã.Çà-

ïîðîæüå ðàäèîíóêëèäû îáíàðóæåíû íå áûëè. Çíà-

÷èòåëüíî áîëåå âûñîêîå ñîäåðæàíèå ÒÁÊ-ðåàãèðóþ-

ùèõ ñîåäèíåíèé â îáðàçöàõ I ãðóïïû îòðàæàåò àêòèâ-

íîñòü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ, ÷òî ÿâëÿåòñÿ

õàðàêòåðíûì ñëåäñòâèåì îáëó÷åíèÿ (Bacq Z.M.,Ale-

xander P.,1963; Vladimirov Yu.A.,Archakov A.I.,1971),

õîòÿ è åãî íå åäèíñòâåííîé ïðåðîãàòèâîé. Òàêèì îá-

ðàçîì,êðàòêîâðåìåííîå îáëó÷åíèå âûñîêèìè äîçàìè ñ

ïîñëåäóþùèì õðîíè÷åñêèì âíóòðåííèì è, âîçìîæíî,

âíåøíèì îáëó÷åíèåì ÿâëÿþòñÿ âåðîÿòíîé ïðè÷èíîé

èçìåíåíèé ôåíîòèïà. Íàøè äàííûå îòíîñèòåëüíî ñíè-

æåíèÿ àêòèâíîñòè ÃÒ-àçû â îòâåò íà äåéñòâèå ðà-

hydramnion,polyhydramnion,premature release of

amniotic fluid, weakness of labor activity, bleed-

ing, spontaneous abortion, revealed a significant

correlation with GSTactivity.

DISCUSSION

The obtained results evidence that placental glu-

tathionetransferase activity is an integral index. It

reflects the rate of environmental contamination

with either radionuclides or chemicals or both,

because the more hazardous substances are in the

environment the more decreased is glutathione-

transferase activity. Placental GSTactivity is asso-

ciated with maternal health status that is con-

firmed by statistically significant correlation with

the frequency of some pathological cases in the

course of pregnancy,with peculiarities of obstetri-

cal anamnesis and even with maternal age.

Changes in glutathionetransferase activity are high-

ly inversely correlated with the level of PAH-DNA

adducts. Glutathionetransferase activity positively

correlates with Apgar's score thus reflecting its

indirect association with newborn health status.

In this study the most pronounced effect on GST

activity exhibits the chemically polluted environ-

ment followed by radioactive contamination (to

the less extent). The status of mother health has

significant but less pronounced effect than the

above mentioned factors. The most pronounced

consequence of glutathionetransferase activity

down-regulation is the accumulation of PAH-

DNA adducts with their potential risk for new-

borns. High sensitivity of glutathionetransferase

activity to different inner and outer factors may

be explained by complex regulatory mechanisms

of gene expression and enzyme activity (Knapen

M. åt al.,1999).

The similarity of glutathionetransferase activity

down-regulation and increase of PAH-DNA adducts

level in the samples from radioactively and chemical-

ly highly exposed pregnancies raises the question

about specific role of each factor in these changes. It

appears that there are some differences between both

groups in other indices. Theparallel studies with the

samples from group I revealed the presence of 137Cs

in the range 1.2-1.8 Bq/kg placental weight

(Zadorozhna T.D. et al.,1993). It means the pres-

ence of exogenous irradiation on top of endogenous

sources in the heavily exposed pregnancies. No

radionuclides were found in samples from

Zaporizhzhia city. Moreover, significantly higher

level of TBARS in samples from group I reflects the

active process of lipid peroxidation,being a typical

hallmark of radioactive irradiation damage (Bacq

Z.M., Alexander P., 1963; Vladimirov Yu.A.,

Archakov A.I.,1971) though its not sole prerogative.

Thus,the short-term exposure to high doses of ioniz-

ing radiation with following chronic internal oneand

probably external irradiation seems to be the proba-

ble reason of the phenotype changes. It should be

noted that our data about the down-regulation of
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äèàöèè ñîâïàäàþò ñ ðåçóëüòàòàìè, ïîëó÷åííûìè â

ýêñïåðèìåíòàõ íà êðûñàõ (Jendryczko A.,Drordz M.,

1992; Áàðàáîé Â.À. è ñîàâò,1994). Ñäâèã â îêèñëè-

òåëüíî-âîññòàíîâèòåëüíîì ðàâíîâåñèè â êèñëóþ ñòî-

ðîíó êàê ðåçóëüòàò àêòèâíîãî ïåðåêèñíîãî îêèñëåíèÿ

ëèïèäîâ ìîæåò îïðåäåëÿòü íàáëþäàåìîå ñíèæåíèå

ECOD àêòèâíîñòè. Àðèëóãëåâîäîðîäíûé ðåöåïòîð

AhR,êîòîðûé ñâÿçûâàåòñÿ ñ ýëåìåíòîì îòâåòà íà êñå-

íîáèîòèêè â ïðîìîòîðíîé îáëàñòè ãåíà CYP1A1 è èí-

äóöèðóåò åãî,âûñîêî ÷óâñòâèòåëåí ê ðåäîêñ-ïîòåíöèà-

ëó. Â îêèñëåííîé ôîðìå åãî èíäóöèðóþùàÿ ñïîñîá-

íîñòü ñíèæåíà,÷òî âëå÷åò çà ñîáîé ñíèæåíèå ýêñïðåñ-

ñèè ãåíà. Ýòî,â ñâîþ î÷åðåäü,ïðèâîäèò ê îáðàçîâà-

íèþ ìåíüøåãî êîëè÷åñòâà ïðîäóêòîâ ìîíîîêñèãåíà-

çíîãî îêèñëåíèÿ è ê ñíèæåíèþ èíäóêöèè ãåíà GSTP1

ìåòàáîëèòàìè I ôàçû äåòîêñèêàöèè (Talalay P.,1988).

Óìåíüøåíèå îòíîñèòåëüíîãî ñîäåðæàíèÿ GSTP1-ñïå-

öèôè÷åñêîé ìÐÍÊ â ñîñòàâå íåôðàêöèîíèðîâàííîé

ÐÍÊ ïëàöåíòû è GSTP1-ñïåöèôè÷åñêîãî àíòèãåíà â

ñèíöèòèîòðîôîáëàñòå (Obolenskaya M.Yu. et al.,

1997) ñîãëàñóåòñÿ ñ ïðåäïîëàãàåìûìè ñîáûòèÿìè âî

âðåìÿ áåðåìåííîñòè â îðãàíèçìå îáëó÷åííûõ æåí-

ùèí.

Èçâåñòíî òàêæå, ÷òî àêòèâíîñòü GSTP1 ñèëüíî

çàâèñèò îò òîãî, â êàêîì ñîñòîÿíèè íàõîäÿòñÿ åå

ôóêöèîíàëüíî àêòèâíûå SH-ãðóïïû (Ricci G. et al.,

1991) è íèçêîìîëåêóëÿðíûå òèîëû êëåòêè, â

÷àñòíîñòè,ãëóòàòèîí (Nishihara T. et al.,1991). Êàê

ìû ñîîáùàëè ðàíåå, ñîäåðæàíèå âîññòàíîâëåííûõ

íèçêîìîëåêóëÿðíûõ òèîëîâ â îáðàçöàõ èç I ãðóïïû

ñíèæåíî (Obolenskaya M.Yu. et al.,1997). Â ñâÿçè

ñ ýòèì íàðóøåíèå ôåðìåíòà íà ïîñòòðàíñëÿöèîííîì

óðîâíå ìîæåò áûòü äîïîëíèòåëüíîé ïðè÷èíîé

ñíèæåíèÿ åãî àêòâíîñòè.

Òàêèì îáðàçîì,ïðåäñòàâëÿåòñÿ âåðîÿòíûì,÷òî âûñî-

êàÿ äîçà îáëó÷åíèÿ,êîòîðóþ ïîëó÷èëè æèòåëüíèöû

ðàéîíîâ, ïîçäíåå âîøåäøèõ â çîíó îò÷óæäåíèÿ è

îáÿçàòåëüíîé ýâàêóàöèè,è õðîíè÷åñêîå âíóòðåííåå è,

âîçìîæíî,âíåøíåå îáëó÷åíèå íèçêèìè äîçàìè â òå÷å-

íèå ïîñëåäóþùèõ 5-6ëåò,ïðèâåëî ê ñíèæåíèþ àêòèâ-

íîñòè ôåðìåíòîâ äåòîêñèêàöèîííîé ñèñòåìû. Ýòî

ñîçäàëî óñëîâèÿ äëÿ íàêîïëåíèÿ â ÄÍÊ ÏÀÓ-àääóê-

òîâ,èñòî÷íèêîì êîòîðûõ ìîãóò áûòü ïîâñåìåñòíî ðàñ-

ïðîñòðàíåííûå ïðîäóêòû íåïîëíîãî ñãîðàíèÿ óãëåâî-

äîðîäîâ, äàæå åñëè èõ ñîäåðæàíèå â àòìîñôåðíîì

âîçäóõå íåâåëèêî. Îáëó÷åíèå ìåíüøèìè äîçàìè,êàê

âî âðåìÿ àâàðèè,òàê è â òå÷åíèå ïîñëåäóþùèõ 7 - 15

ëåò íå ïðèâîäèò ê ñíèæåíèþ ÃÒ-àçíîé àêòèâíîñòè è

ê íàêîïëåíèþ ÏÀÓ-àääóêòîâ â ÄÍÊ.

Ñöåíàðèé, ïî êîòîðîìó ðàçâèâàåòñÿ ñíèæåíèå ÃÒ-

àçíîé àêòèâíîñòè è íàêîïëåíèå àääóêòîâ â ðàéîíå

ñ âûñîêèì ñîäåðæàíèåì Á(à)Ï â àòìîñôåðå,ïî-âè-

äèìîìó,îòëè÷àåòñÿ îò òîëüêî ÷òî îïèñàííîãî. Íà-

áëþäàåìîå ïîâûøåíèå ECOD àêòèâíîñòè, òèïè÷íî

èíäóöèðóåìîå Á(à)Ï, ïðèâîäèò ê îáðàçîâàíèþ

áîëüøåãî êîëè÷åñòâà îêèñëåííûõ CYP1A1 ïðîäóê-

òîâ, ñïîñîáíûõ àêòèâèðîâàòü òðàíñêðèïöèþ ãåíà

GSTP1 (Talalay P., 1988). Ýòà ïðåäïîëàãàåìàÿ

öåïü ñîáûòèé ñîãëàñóåòñÿ ñ óâåëè÷åíèåì îòíîñè-

òåëüíîãî ñîäåðæàíèÿ GSTP1-ñïåöèôè÷åñêîé

ìÐÍÊ â îáðàçöàõ èç VI ãðóïïû. Ñóùåñòâåííîå

glutathionetransferase activity in response to high

radioactive exposure are in line with experiments

showing down-regulation of GSTactivity in response

to long-lasting irradiation (Jendryczko A., Drordz

M.,1992; Baraboi V. et al.,1994). The shift in redox

balance towards acidic state due to intensified lipid

peroxidation may explain the observed decrease in

ECOD activity. Aryl hydrocarbon receptor (AhR)

that binds to xenobiotic response element in

CYP1A1 promoter,and induces thegene transcription

is highly sensitive to redox potential. In oxidized

form its inducing activity is lower that leads to

down-regulation of CYP1A1 expression and respec-

tively the amount of monooxygenized products. This

in turn may lead to less intensive induction of GSTP1

gene by metabolites of I phase detoxification

(Talalay P.,1988). The decrease of relative amount

of GSTP1-specific mRNA in total nonfractionated

placental RNA and GSTP1-specific antigen in syncy-

tiotrophoblast (Obolenskaya M.Yu. et al., 1997)

coincide with suggested scenario in pregnancies from

women exposed to high doses of ionizing radiation.

It is known that GSTP1 activity strongly depends

on the redox state of its functional SH-groups

(Ricci G. et al.,1991),on content and redox state

of intracellular low-molecular weight thiols,main-

ly glutathione (Nishihara T. et al.,1991). As we

reported previously about lower content of

reduced low-molecular weight thiols in the speci-

mens from the I group (Obolenskaya M.Yu. et

al.,1997),the down-regulation at posttranslation-

al level may be additional cause of decreased enzy-

matic activity.

Thus it seems plausible that high radioactive expo-

sure of the women from areas later assigned to the

zones of exclusion and obligatory relocation with

consequent internal and probably external exposure

to low doses of ionizing radiation during 5-6 years

primarily caused the down-regulation of detoxifica-

tion enzymes activity. This made the conditions for

accumulation of PAH-DNA adducts originating from

ubiquitous hydrocarbon incomplete combustion

products, including those from indoor air and diet

even if their content in ambient air is not too high.

Exposition to low doses of ionizing radiation both

during the Chernobyl NPPaccident and following 7-

15 years are not so drastic for GST-activity and con-

tent of PAH-DNA adducts.

The scenario for decrease of GSTactivity and accu-

mulation of PAH-DNA adducts in the chemically

polluted area including that by B(a)P in ambient

air obviously differs from just mentioned above.

The observed increase of ECOD activity that is

typically induced by PAH leads to more intensive

formation by CYP1A1 of oxidized products that

may in its turn activate GSTP1 transcription

(Talalay P., 1988). The suggested sequence of

events coincides with increase of relative amount

of GSTP1 specific mRNA in the samples received

in group VI. Significant restoration of glu-

tathionetransferase activity after in vitro treat-
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ment by DTTevidences that enzymatic activity in

these samples is partly inhibited. The rather high

B(a)Pambient air pollution (see table 1) may be

a severe factor resulting in such biochemical

changes. Benzo(a)pyrene metabolites interact

with highly reactive thiol groups present in glyc-

eraldehyde-phosphate dehydrogenase (Holzer H.,

Holzer E., 1952) and may be also with those in

glutathionetransferase without strongly affecting

the relatively high intracellular content of glu-

tathione (Cervello I. et al.,1992). Thus,it is pos-

sible that disbalance between enzymatic activities

of CYP1A1 and GSTP1 occurs in placentas from

area with high B(a)P pollution in ambient air.

This effect finally defines PAH-DNA adducts

accumulation.

Placental PAH-DNA adducts as biomarkers of

environmental pollution are already well known

(Manchester D. et al., 1988; Manchester D. et

al.,1992; Carlberg et al.,2000). Their association

with GST activity however remains till now less

evident. There are observations made by M.

Pasanen and coauthors (1999) on placentas in

Swiss mothers abusing drugs and by R. Whyatt

and coauthors (2000) on newborn white blood

cells regarding the variability in GSTP1 genotype

thus resulting in different enzymatic activity.

High correlation degree of GSTactivity with con-

tent of PAH-DNA adducts in our study together

with data from mentioned above published papers

indicate that at the presence of PAH pollution in

indoor or ambient air or in diet the decrease of

GSTactivity because of whatever reason (radionu-

clide contamination, drugs, PAH, diseases, age,

genotype etc.) leads to the accumulation of

adducts. Thus we cannot rule out that this asso-

ciation is not attributable to chance or uncon-

trolled confounding and that GSTactivity is not a

nonspecific indicator of unfavorable factors

impact.

As PAH readily cross the human placenta

(Manchester D. et al., 1992; Carlberg J. et al.,

2000; Whyatt R. et al., 2000) it has been sug-

gested that the presence of DNA adducts in fetal

tissues may predispose to developmental infringe-

ments and increased morbidity later in postnatal

life (Hansen J. et al.,1993). Some authors report-

ed about reverse association between PAH-DNA

adducts level in newborns with their birth weight,

length and head circumference (Perera F. et al.,

1998). Our data confirm the indirect association

between placental detoxification efficiency and

newborn health status via positive correlation of

GSTactivity with Apgar's score.

Thus GSTenzymatic activity may be used not only

as an indicator of unfavorable impact on placen-

tal metabolism,but also as a biomarker of placen-

tal detoxification efficiency and risk factor for

newborns.

âîññòàíîâëåíèå àêòèâíîñòè ÃÒ-àçû in vitro ïîä

äåéñòâèåì ÄÒÒ ñâèäåòåëüñòâóåò î ÷àñòè÷íîì ïîäà-

âëåíèè ôåðìåíòàòèâíîé àêòèâíîñòè â ýòèõ îáðàç-

öàõ. Äîñòàòî÷íî âûñîêîå ñîäåðæàíèå Á(à)Ï â àò-

ìîñôåðå (ñì. òàáëèöó 1) ìîæåò áûòü ñåðüåçíûì

ôàêòîðîì,âûçûâàþùèì ýòè èçìåíåíèÿ. Âîçìîæíî,

÷òî ïî àíàëîãèè ñ ãëèöåðàëüäåãèäôîñôàò äåãèäðî-

ãåíàçîé (Holzer H., Holzer E., 1952) îêèñëåííûå

ïðîèçâîäíûå Á(à)Ï ìîãóò ñâÿçûâàòüñÿ ñ ðåàêöèîí-

íîñïîñîáíûìè SH-ãðóïïàìè ÃÒ-àçû è èíãèáèðî-

âàòü åå, ïðè ýòîì íå âëèÿÿ íà äîñòàòî÷íî âûñîêîå

ñîäåðæàíèå íèçêîìîëåêóëÿðíûõ âîññòàíîâëåííûõ

òèîëîâ (Cervello I. et al., 1992). Òàêèì îáðàçîì,

ïðè âûñîêîì ñîäåðæàíèè Á(à)Ï â âîçäóõå âîçíè-

êàåò äèñáàëàíñ ìåæäó àêòèâíîñòüþ ôåðìåíòîâ ïåð-

âîé è âòîðîé ñòàäèé äåòîêñèêàöèè,÷òî è îïðåäåëÿ-

åò íàêîïëåíèå â ÄÍÊ ÏÀÓ-àääóêòîâ.

ÏÀÓ-àääóêòû â ÄÍÊ ïëàöåíòû êàê áèîìàðêåðû

çàãðÿçíåííîñòè îêðóæàþùåé ñðåäû èçâåñòíû óæå

äàâíî (Manchester D. et al., 1988; Manchester D.

et al.,1992; Carlberg et al.,2000). Îäíàêî èõ êîð-

ðåëÿöèÿ ñ ÃÒ-àçíîé àêòèâíîñòüþ äî ñèõ ïîð áû-

ëà íå ñòîëü î÷åâèäíîé. Åñòü ñîîáùåíèÿ Ì. Ïàñ-

àíåíà è ñîàâò. (1999) î òàêîé êîððåëÿöèè â ïëà-

öåíòàõ æåíùèí,óïîòðåáëÿþùèõ íàðêîòèêè,è Ð.

Âàéàòò è ñîàâò. (2000) î çàâèñèìîñòè óðîâíÿ àä-

äóêòîâ â ëåéêîöèòàõ íîâîðîæäåííûõ îò ãåíîòèïà

GSTP1,îïðåäåëÿþùåãî àêòèâíîñòü ôåðìåíòà. Âû-

ñîêàÿ ñòåïåíü êîððåëÿöèè ìåæäó ÃÒ-àçíîé àêòèâ-

íîñòüþ è ñîäåðæàíèåì ÏÀÓ-àääóêòîâ â ÄÍÊ ïëà-

öåíòû â íàøåì èññëåäîâàíèè è äàííûå ïåðå÷è-

ñëåííûõ ñîîáùåíèé ñâèäåòåëüñòâóþò î òîì, ÷òî

ïðè íàëè÷èè ÏÀÓ â àòìîñôåðå îêðóæàþùåé ñðå-

äû,æèëûõ ïîìåùåíèé èëè â äèåòå ñíèæåíèå ÃÒ-

àçíîé àêòèâíîñòè íåçàâèñèìî îò ïðè÷èíû åå âû-

çûâàþùåé (ðàäèîíóêëèäû, íàðêîòèêè, ÏÀÓ, çàáî-

ëåâàíèÿ,âîçðàñò,ãåíîòèï è ò.ä.) ïðèâîäèò ê íàêî-

ïëåíèþ àääóêòîâ. Â ñâÿçè ñ ýòèì ÃÒ-àçíóþ àêòèâ-

íîñòü ïëàöåíòû ìîæíî ðàññìàòðèâàòü êàê íåñïå-

öèôè÷åñêèé èíäèêàòîð âëèÿíèÿ íåáëàãîïðèÿòíûõ

ôàêòîðîâ.

Òàê êàê ÏÀÓ ëåãêî ïðîíèêàþò ÷åðåç ïëàöåíòó

(Manchester D. et al.,1992; Carlberg J. et al.,2000;

Whyatt R. et al.,2000),áûëî âûñêàçàíî ïðåäïîëî-

æåíèå, ÷òî íàëè÷èå ÏÀÓ â òêàíÿõ ïëîäà ìîæåò

èíèöèèðîâàòü íàðóøåíèÿ ðàçâèòèÿ è ïîâûøåííóþ

çàáîëåâàåìîñòü â ïîñòíàòàëüíîì ïåðèîäå (Hansen

J. et al.,1993). Èìåþòñÿ ñîîáùåíèÿ î íåãàòèâíîé

êîððåëÿöèè ìåæäó ñîäåðæàíèåì ÏÀÓ-àääóêòîâ ó

íîâîðîæäåííûõ è èõ âåñîì,ðîñòîì è îêðóæíîñòüþ

ãîëîâû (Perera F. et al., 1998). Íàøè äàííûå íà

îñíîâàíèè ïîëîæèòåëüíîé êîððåëÿöèè ìåæäó ÃÒ-

àçíîé àêòèâíîñòüþ è øêàëîé Àïãàð ñâèäåòåëüñòâó-

þò î ñâÿçè ìåæäó ýôôåêòèâíîñòüþ äåòîêñèêàöèè â

ïëàöåíòå è çäîðîâüåì íîâîðîæäåííûõ.

Òàêèì îáðàçîì, ÃÒ-àçíàÿ àêòèâíîñòü ÿâëÿåòñÿ

ïîêàçàòåëåì íå òîëüêî íåáëàãîïðèÿòíîãî âëèÿíèÿ

íà ìåòàáîëèçì â ïëàöåíòå, íî è ïîêàçàòåëåì

ýôôåêòèâíîñòè äåòîêñèêàöèè â ïëàöåíòå è ñòåïåíè

ðèñêà äëÿ íîâîðîæäåííîãî.
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CONCLUSIONS

1. Placental glutathionetransferase activity and

level of PAH-DNA adducts content in placental

tissue are the integral indices of environmental pol-

lution,efficiency of maternal and placental detoxi-

fication and a prognostic factor for newborn.

2. Down-regulation of GST activity and accu-

mulation of placental PAH-DNA adducts can

occur according to different scenarios depend-

ing on which environmental factor influence is

greater i.e. radiation or chemicals (B(a)P).
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ÂÛÂÎÄÛ

1. ÃÒ-àçíàÿ àêòèâíîñòü è ÏÀÓ-àääóêòû â ÄÍÊ ïëà-

öåíòû ÿâëÿþòñÿ èíòåãðàëüíûìè ïîêàçàòåëÿìè çàãðÿç-

íåííîñòè îêðóæàþùåé ñðåäû, ýôôåêòèâíîñòè äåòî-

êñèêàöèè îðãàíèçìîì ìàòåðè è ïëàöåíòîé, à òàêæå

ïðîãíîñòè÷åñêèì ôàêòîðîì äëÿ íîâîðîæäåííîãî.

2. Ñíèæåíèå ÃÒ-àçíîé àêòèâíîñòè è íàêîïëåíèå

ÏÀÓ-àääóêòîâ â ÄÍÊ ïëàöåíòû ïðîèñõîäèò ïî ðàç-

íûì ñöåíàðèÿì â çàâèñèìîñòè îò òîãî êàêîé èç íå-

áëàãîïðèÿòíûõ ôàêòîðîâ îêðóæàþùåé ñðåäû ÿâëÿ-

åòñÿ ïðåîáëàäàþùèì - ðàäèàöèîííûé èëè õèìè÷å-

ñêèé Á(À)Ï.

ÁËÀÃÎÄÀÐÍÎÑÒÈ

Ìû âûðàæàåì áëàãîäàðíîñòü ä-ðó Ãàëèíå Äåì÷åí-

êî è êîëëåêòèâó àêóøåðñêîãî îòäåëåíèÿ òðåòüåé

áîëüíèöû ã. Çàïîðîæüå (Óêðàèíà) è ê.ì.í Àëåê-

ñàíäðó Ïåðåïëåò÷èêîâó è êîëëåêòèâó àêóøåðñêîãî

îòäåëåíèÿ Ãîìåëüñêîé îáëàñòíîé áîëüíèöû (Áåëî-

ðóññèÿ) çà ïîìîùü ïðè âçÿòèè ìàòåðèàëà. Èññëåäî-

âàíèÿ ïîääåðæàíû ñòèïåíäè ÿìè Êàññû Ìèàíîâ-

ñêîãî (Ïîëüøà) äëÿ Ì.Î. è Í.Ò. è ñòèïåíäèåé

UICC,ICRETTNo.580 äëÿ Ì.Î.
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