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INTRODUCTION
The health status problem of populations re-
sident within territories contaminated with
radionuclides after the Chernobyl nuclear pow-
er plant (ChNPP) accident still remains topical
12 years on. An elevated level of somatic diseas-
es among the mentioned contingent was regis-
tered at the comparatively low effective yearly
dose values (Kenigsberg J.E., 1998; Pirogova Ye.A.
et al., 1988). Low doses non-stochastic effects
growth are connected to human organism adap-
tation capacity decrease (Pelevina I.I. et al., 1993;
Lyasko L.I. et al., 1994; Baraboy V.A., 1996). At the
same time, it is extremely complicated to single
out in epidemiological studies the radiation
component contribution from the multitude of
factors affecting organism adaptation systems
status. In present experimental work the situa-
tion of internal and external irradiation chronic
exposure was designed. Irradiation intensity var-
ied in range from 2.0 to 500.0 mGy in animals
kept within the ChNPP estrangement zone. The
research purpose was to study the radiobiologi-
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The research aim was to study the radiobiological effects dynamics in animals depending on absorbed dose
value and formation term. Work was carried out among 720 male rats of the Vistar population with physiologi-
cal, biochemical, histological, cytological, spectrometry, radioimmunological and radiochemical research meth-
ods application. The long-term radiation exposure (approximately for half-life) formed in rats the absorbed
dose value of 500 mGy�year�1, revealed as leading to adaptation system neuro-endocrine regulation central
mechanisms alteration, predisposition to dystrophy and destruction of processes in the adrenal cortex, blood
serum thyroxin deficiency, reproductive system quantitative parameters deterioration. The radiation-induced
deviations in adaptation systems when accumulated with time upset the adaptation-compensatory and destruc-
tion processes dynamic ratio and form a basis for �regular pathology�.
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ÂÂÅÄÅÍÈÅ
×åðåç 12 ëåò ïîñëå àâàðèè íà ×åðíîáûëüñêîé àòîì-
íîé ýëåêòðîñòàíöèè (×ÀÝÑ) ïðîáëåìà ñîñòîÿíèÿ çäî-
ðîâüÿ íàñåëåíèÿ, ïðîæèâàþùåãî â çàãðÿçíåííûõ ðà-
äèîíóêëèäàìè ðàéîíàõ, ïî-ïðåæíåìó àêòóàëüíà. Ïî-
âûøåííûé óðîâåíü ñîìàòè÷åñêèõ çàáîëåâàíèé ñðåäè
ýòîãî êîíòèíãåíòà çàðåãèñòðèðîâàí ïðè ñðàâíèòåëü-
íî íåáîëüøèõ âåëè÷èíàõ ãîäîâûõ ýôôåêòèâíûõ äîç
(Êåíèãñáåðã ß.Ý., 1998; Ïèðîãîâà Å.À. è ñîàâò., 1998).
Íàðàñòàíèå ïðîÿâëåíèé íåñòîõàñòè÷åñêèõ ýôôåêòîâ
ìàëûõ äîç ñâÿçûâàþò ñî ñíèæåíèåì àäàïòèâíûõ âîç-
ìîæíîñòåé îðãàíèçìà (Ïåëåâèíà È.È. è ñîàâò., 1993;
Ëÿñêî Ë.È. è ñîàâò., 1994; Áàðàáîé Â.À., 1996). Âìåñòå ñ
òåì â ýïèäåìèîëîãè÷åñêèõ èññëåäîâàíèÿõ ÷ðåçâû÷àé-
íî ñëîæíî îïðåäåëèòü çíà÷åíèå ðàäèàöèîííîãî êîì-
ïîíåíòà ñðåäè ìíîæåñòâà ôàêòîðîâ, îêàçûâàþùèõ
âëèÿíèå íà ñîñòîÿíèå àäàïòàöèîííûõ ñèñòåì îðãà-
íèçìà. Â íàñòîÿùåé ýêñïåðèìåíòàëüíîé ðàáîòå áûëà
ñìîäåëèðîâàíà ñèòóàöèÿ õðîíè÷åñêîãî âîçäåéñòâèÿ
âíóòðåííåãî è âíåøíåãî îáëó÷åíèÿ ðàçëè÷íîé èíòåí-
ñèâíîñòè â äèàïàçîíå äîç 2�500 ìÃð ïðè ñîäåðæàíèè
æèâîòíûõ â óñëîâèÿõ çîíû îò÷óæäåíèÿ ×ÀÝÑ. Öåëü èñ-
ñëåäîâàíèÿ � èçó÷åíèå äèíàìèêè ðàçâèòèÿ ðàäèîáè-
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cal effects dynamics in various animal viscera and
systems depending on absorbed dose value and
forming term.

MATERIALS AND METHODS
The experiment was carried out among 720 pubes-
cent rat males of the Vistar population kept for one
year in the Chernobyl vivarium.

The in-door γ-irradiation level constituted 40�
60 µR�h-1. The three animal study groups beginning
from the age of 3 months were fed daily with food
and water with various radionuclide content (fish
from power plant cooling pond, meat, grain).

Indices dynamics were studied at 1.5, 4 and 12
month intervals (rats were decapitated). The con-
trol animal group was kept in Kyiv. The total (from
both internal and external irradiation) year ab-
sorbed dose on the whole body constituted: aver-
age volume � 50 mGy, minimal � 17 mGy, maxi-
mal � 500 mGy (table).

Methods: physiological (fertility evaluation),
biochemical (11-oxycorticosteroids serum
content assay),  radioimmunological (thy-
roid hormones serum content assay), radio-
chemical and spectrometry, histological (pi-
tuitary and adrenal structure studies), cyto-
logical (spermatogram analysis),  standard
statistics.

îëîãè÷åñêèõ ýôôåêòîâ â ðàçëè÷íûõ ñèñòåìàõ è îðãà-
íàõ æèâîòíûõ â çàâèñèìîñòè îò âåëè÷èíû è ñðîêà
ôîðìèðîâàíèÿ ïîãëîùåííîé äîçû.

ÎÁÚÅÊÒ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß
Ýêñïåðèìåíò âûïîëíåí íà 720 ïîëîâîçðåëûõ ñàìöàõ
êðûñ ëèíèè Âèñòàð, ñîäåðæàâøèõñÿ â òå÷åíèå ãîäà â
âèâàðèè, íàõîäÿùåìñÿ íà òåððèòîðèè ×åðíîáûëÿ.

Â ïîìåùåíèè γ-ôîí ñîñòàâëÿë 40�60 ìêÐ�÷�1. Òðè
ãðóïïû æèâîòíûõ, íà÷èíàÿ ñ 3-ìåñÿ÷íîãî âîçðàñòà
åæåäíåâíî ïîëó÷àëè êîðì (ðûáà èç ïðóäà-îõëàäèòå-
ëÿ, ìÿñî, çåðíî) è ïèòüåâóþ âîäó ñ ðàçëè÷íûì ñîäåð-
æàíèåì ðàäèîíóêëèäîâ.

Ïîêàçàòåëè èçó÷àëè ÷åðåç 1,5; 4 è 12 ìåñ ýêñïåðèìåí-
òà (êðûñ äåêàïèòèðîâàëè). Êîíòðîëüíûõ æèâîòíûõ
ñîäåðæàëè â Êèåâå. Âåëè÷èíû ñóììàðíûõ (âíóòðåí-
íåãî è âíåøíåãî îáëó÷åíèÿ) ãîäîâûõ ïîãëîùåííûõ
äîç íà âñå òåëî ñîñòàâèëè äëÿ íàãðóçêè ñðåäíåãî óðîâ-
íÿ � 50 ìÃð, ìèíèìàëüíîãî � 17 ìÃð, ìàêñèìàëüíî-
ãî � 500 ìÃð (òàáëèöà).

Ìåòîäû: ôèçèîëîãè÷åñêèé (èçó÷åíèå ôåðòèëüíîñòè),
áèîõèìè÷åñêèé (îïðåäåëåíèå ñîäåðæàíèÿ 11-îêñè-
êîðòèêîñòåðîèäîâ â êðîâè), ðàäèîèììóíîëîãè÷åñêèé
(îïðåäåëåíèå êîíöåíòðàöèè òèðåîèäíûõ ãîðìîíîâ â
êðîâè), ðàäèîõèìè÷åñêèé è ñïåêòðîìåòðè÷åñêèé, ãè-
ñòîëîãè÷åñêèé (èññëåäîâàíèå ñòðóêòóðû ãèïîôèçà è
íàäïî÷å÷íèêîâ), öèòîëîãè÷åñêèé (àíàëèç ñïåðìî-
ãðàìì), ñòàíäàðòíûå ñòàòèñòè÷åñêèå.

TABLE

TOTAL ABSORBED DOSES (TAD) IN EXPERIMENTAL ANIMALS, mGy

ÒÀÁËÈÖÀ

ÑÓÌÌÀÐÍÛÅ ÏÎÃËÎÙÅÍÍÛÅ ÄÎÇÛ Ó ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÛÕ ÆÈÂÎÒÍÛÕ, ìÃð

Viscera or Maximal TAD Average TAD Minimal TAD

tissue Irradiation term, days

45 120 365 45 120 365 45 120 365

Total body 72.6 150 508 7.3 15 50.8 2.1 4.6 16.9
Muscles 104.9 240 720 10.5 24 72 3.4 7.8 24
Spleen 70.6 150 432 7.1 15 43.2 2.4 5.4 14.3
Liver 108.9 240 662 10.9 24 66.2 3.6 8.1 22.1
Kidney 110.2 240 628 11 24 62.8 3.4 8.4 20.9
Heart 126.1 270 766 12.6 27 76.6 4.2 9.6 25.5
Lungs 91.7 210 554 9.2 21 55.4 3 6.9 18.5
Gonads 93.7 210 568 9.4 21 56.8 3.1 6.9 18.9
Bone marrow 93.5 210 632 9.4 21 63.2 3.1 6.9 21

ÐÅÇÓËÜÒÀÒÛ
Èçâåñòíî, ÷òî â àäàïòàöèè îðãàíèçìà ê èçìåíåíèþ
âíåøíåé ñðåäû âåäóùóþ ðîëü èãðàåò ýíäîêðèííàÿ
ñèñòåìà. Íàðóøåíèÿ åå îòäåëüíûõ çâåíüåâ è íåàäåêâàò-
íîñòü ôóíêöèîíàëüíûõ ñâÿçåé ìåæäó ýíäîêðèí-
íûìè æåëåçàìè ðåçêî ñíèæàþò óñòîé÷èâîñòü îðãà-
íèçìà ê âîçäåéñòâèþ ýêñòðåìàëüíûõ ôàêòîðîâ. Ìû
èçó÷èëè ñîñòîÿíèå íåéðîõèìè÷åñêèõ ìåõàíèçìîâ,
îáåñïå÷èâàþùèõ ôóíêöèîíèðîâàíèå ñèñòåìû îñ-
íîâíîãî òîðìîçíîãî ìåäèàòîðà ìîçãà � γ-àìèíîìàñ-
ëÿíîé êèñëîòû (ÃÀÌÊ), � ó êðûñ ïðè äëèòåëüíîì
âíóòðåííåì è âíåøíåì îáëó÷åíèè â ìàëûõ äîçàõ (Ìè-
øóíèíà Ò.Ì. è ñîàâò., 1998).

RESULTS
The endocrine system�s leading role in orga-
nism adaptation to environment changes is
well-known. Damage of its separate branches
and absence of adequate functional connec-
tions between endocrine glands sharply de-
crease the organism�s resistance to extreme
factors. We studied the status of neurochemi-
cal mechanisms providing γ-aminobutyric acid
(GABA) � brain main inhibiting mediator �
system function in rats under long-term inter-
nal and external low dose irradiation (Mishu-
nina T.M. et al., 1998)
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The GABA synthesis intensity dose-dependent de-
viations (estimated via synthesis enzyme
glutamate decarboxylase activity) and its recep-
tion by synaptic membranes (by 14C-GABA) have
been expressed already in the early stage of the
experiment at absorbed dose value 2 mGy. In that
case declination from control indices (parameters
value decrease) in some brain regions, for exam-
ple in hemisphere cortex were of a transient na-
ture and normalised by the 12-th month (figure 1).
At the same time in the medulla oblongata
those disorders became more substantial up to
the end of the experiment (figure 2). Radiation-
stipulated effects expression among GABA-sys-
tem in particular in the medulla was in all proba-
bility stipulated by radioactive caesium selective
uptake in respective structure compared to oth-
ers (Rudnev M.I. et al., 1997). Parallel GABA pro-
duction and its reception by synaptic membranes

Äîçîçàâèñèìûå èçìåíåíèÿ èíòåíñèâíîñòè ñèíòåçà
ÃÀÌÊ (êîòîðóþ îöåíèâàëè ïî àêòèâíîñòè ôåðìåíòà
ñèíòåçà ãëóòàìàòäåêàðáîêñèëàçû) è åå ðåöåïöèè ñèíàï-
òè÷åñêèìè ìåìáðàíàìè (ñ ïîìîùüþ 14Ñ-ÃÀÌÊ) âîçíè-
êàëè óæå íà ðàííåì ýòàïå ýêñïåðèìåíòà ïðè ïîãëîùåí-
íîé äîçå 2 ìÃð. Ïðè ýòîì â íåêîòîðûõ ó÷àñòêàõ ìîçãà,
íàïðèìåð, â êîðå áîëüøèõ ïîëóøàðèé, îòêëîíåíèÿ îò
êîíòðîëÿ (ñíèæåíèå ïîêàçàòåëåé) èìåëè ïðåõîäÿùèé
õàðàêòåð è óêàçàííûå ïðîöåññû íîðìàëèçîâàëèñü ê
12-ìó ìåñÿöó (ðèñóíîê 1). Â ïðîäîëãîâàòîì ìîçãå ýòè
èçìåíåíèÿ ïðîãðåññèðîâàëè ê êîíöó ýêñïåðèìåíòà (ðè-
ñóíîê 2). Âûðàæåííîñòü ðàäèàöèîííî îáóñëîâëåííûõ
ýôôåêòîâ, âëèÿþùèõ íà àêòèâíîñòü ÃÀÌÊ-åðãè÷åñêîé
ñèñòåìû (â ÷àñòíîñòè, ñïîñîáñòâóþùèõ åå ñíèæåíèþ)
â ïðîäîëãîâàòîì ìîçãå, îáóñëîâëåíà, ïî âñåé âåðîÿòíîñ-
òè, èçáèðàòåëüíîñòüþ íàêîïëåíèÿ ðàäèîàêòèâíîãî öåçèÿ
â ýòîé ñòðóêòóðå ïî ñðàâíåíèþ ñ äðóãèìè (Ðóäíåâ Ì.È. è
ñîàâò., 1997). Ïàðàëëåëüíîå ñíèæåíèå ïðîäóêöèè ÃÀÌÊ
è åå ðåöåïòèðîâàíèÿ ñèíàïòè÷åñêèìè ìåìáðàíàìè â íå-

FIGURE 1.  GLUTAMATEDECARBOXYLASE ACTIVITY (à) AND 14Ñ-GABA RECEPTION BY SYNAPSETIC MEMBRANES (b) IN RAT
CEREBRAL HEMISPHERES UNDER PROLONGED IRRADIATION. D1 � MAXIMAL, D2 � AVERAGE AND D3 � MINIMAL TAD

ÐÈÑÓÍÎÊ 1.  ÀÊÒÈÂÍÎÑÒÜ ÃËÓÒÀÌÀÒÄÅÊÀÐÁÎÊÑÈËÀÇÛ (à) È ÐÅÖÅÏÖÈß 14Ñ-ÃÀÌÊ ÑÈÍÀÏÒÈ×ÅÑÊÈÌÈ ÌÅÌÁÐÀÍÀÌÈ (b)
Â ÊÎÐÅ ÁÎËÜØÈÕ ÏÎËÓØÀÐÈÉ ÌÎÇÃÀ ÊÐÛÑ ÏÐÈ ÄËÈÒÅËÜÍÎÌ ÎÁËÓ×ÅÍÈÈ. D1 � ÌÀÊÑÈÌÀËÜÍÀß, D2 � ÑÐÅÄÍßß È

D3 � ÌÈÍÈÌÀËÜÍÀß ÏÎÃËÎÙÅÍÍÛÅ ÄÎÇÛ

FIGURE 2. GLUTAMATE DECARBOXYLASE ACTIVITY (à) AND 14Ñ-GABA RECEPTION BY SYNAPSETIC MEMBRANES (b) IN RAT MEDULLA OBLANGATA
UNDER PROLONGED IRRADIATION. D1 � MAXIMAL, D2 � AVERAGE AND D3 � MINIMAL TAD

ÐÈÑÓÍÎÊ 2. ÀÊÒÈÂÍÎÑÒÜ ÃËÓÒÀÌÀÒÄÅÊÀÐÁÎÊÑÈËÀÇÛ (à) È ÐÅÖÅÏÖÈß 14Ñ-ÃÀÌÊ ÑÈÍÀÏÒÈ×ÅÑÊÈÌÈ ÌÅÌÁÐÀÍÀÌÈ (b)
Â ÏÐÎÄÎËÃÎÂÀÒÎÌ ÌÎÇÃÅ ÊÐÛÑ ÏÐÈ ÄËÈÒÅËÜÍÎÌ ÎÁËÓ×ÅÍÈÈ. D1 � ÌÀÊÑÈÌÀËÜÍÀß, D2 � ÑÐÅÄÍßß È

D3 � ÌÈÍÈÌÀËÜÍÀß ÏÎÃËÎÙÅÍÍÛÅ ÄÎÇÛ
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decrease in some brain structures under pro-
longed irradiation can probably be explained by
dystrophic changes present in cellular and intra-
cellular membranes induced by lipid peroxidation
activation (Nosov A.T. et al., 1994).

The GABA-ergic brain system limits the potentially
hazardous irritation of organism stress-promoting
systems and also involvement in various physiolo-
gical functions (sleep and awakening; cardiovascu-
lar, respiratory, vestibular and sensory systems ac-
tivities) and brain supreme integrative functions,
emotions and memory realisation regulation
(Rayevsky K.C., 1986; Rozanov V.A., 1989). Thus the
mentioned system activity decrease under the low-
intensity ionising irradiation impact is the unfavour-
able factor predisposing to numerous radiobiolo-
gical effects. Clinical observations prove this (Lyas-
ko L.I. et al., 1994; Mitriayeva N.A., 1995; Nyagu A.I.
et al., 1996; Cheban A.K. et al., 1996). Taking into ac-
count the pituitary-adrenal system�s important role
in organism adaptation capacities provision, we
jointly with T.I. Bogdanova, explored these system
status morphology-functional characteristics under
various values and duration of radiation exposure.

The data received indicate pituitary-adrenal com-
plex activation presence, with expression and re-
spective phase depending on the absorbed dose val-
ue in every observation period. The confrontation
of stressoric reactions nature in corticotropocytes
and adrenocorticocytes under influence both of in-
corporated radionuclides impact and external irra-
diation enabled us to conclude that only in maxi-
mal TAD value (yearly increase from 70 to 500 mGy)
the respective reactions activity growth was fol-
lowed by dystrophics and destructive changes aris-
ing with hormone production supression in adre-
nal cortex cells.

Other researchers observed a similar situation in
vole-mice long inhabiting the estrangement zone
(Yermakova O.V., 1996). In case of lower dose va-
lues the hormonal (11-oxycorticisteroids content)
and morphological indices variability was stipulated
by compensatory-adaptation processes and have
not led to pathological changes in adrenal cortex
bundle zone cells.

In a thyroid gland hormonal function dynamics
study among rats exposed to radiation for one year,
gradual formation of thyroxin content deficiency
in serum was marked. In the early experimental
stage (1.5 months) the synchronous and dose-de-
pendent serum content elevation of both thyroid
hormones � T3 and T4 was observed; 4 months af-
ter the elevated T3 level was obviously maintained
by peripheral conversion of T4 into T3 intensifica-
tion that in the 12-month term led to T4 produc-
tion decrease (figure 3). Thus the prolonged radi-
ation exposures can predispose to hypothyroid sta-
tus.

êîòîðûõ ñòðóêòóðàõ ìîçãà ïðè äëèòåëüíîì îáëó÷åíèè,
âîçìîæíî, ÿâëÿåòñÿ ñëåäñòâèåì äèñòðîôè÷åñêèõ èçìå-
íåíèé â êëåòî÷íûõ è âíóòðèêëåòî÷íûõ ìåìáðàíàõ, èí-
äóöèðîâàííûõ àêòèâàöèåé ïåðåêèñíîãî îêèñëåíèÿ ëè-
ïèäîâ (Íîñîâ À.Ò. è ñîàâò., 1994).

Ïîñêîëüêó ÃÀÌÊ-åðãè÷åñêàÿ ñèñòåìà ìîçãà îãðàíè÷èâà-
åò ïîòåíöèàëüíî îïàñíîå âîçáóæäåíèå ñòðåññ-ðåàëèçóþ-
ùèõ ñèñòåì îðãàíèçìà, à òàêæå ó÷àñòâóåò â ðåãóëÿöèè
ìíîãèõ ôèçèîëîãè÷åñêèõ ôóíêöèé (ñíà è áîäðñòâîâà-
íèÿ, äåÿòåëüíîñòè ñåðäå÷íî-ñîñóäèñòîé, äûõàòåëüíîé,
âåñòèáóëÿðíîé, ñåíñîðíûõ ñèñòåì) è ðåàëèçàöèè âûñ-
øèõ èíòåãðàòèâíûõ ôóíêöèé ìîçãà, ýìîöèé è ïàìÿòè
(Ðàåâñêèé Ê.Ñ., 1986; Ðîçàíîâ Â.À., 1989), ñíèæåíèå åå àê-
òèâíîñòè ïîä âëèÿíèåì íèçêîèíòåíñèâíîãî îáëó÷åíèÿ
ÿâëÿåòñÿ íåáëàãîïðèÿòíûì ôàêòîðîì, ñïîñîáñòâóþùèì
ðàçâèòèþ ìíîãèõ ðàäèîáèîëîãè÷åñêèõ ýôôåêòîâ, ÷òî
ïîäòâåðæäåíî äàííûìè êëèíè÷åñêèõ íàáëþäåíèé (Ëÿñ-
êî Ë.È. è ñîàâò., 1994; Ìèòðÿåâà Í.À., 1995; Íÿãó À.È. è ñî-
àâò., 1996; ×åáàí À.Ê. è ñîàâò., 1996). Ó÷èòûâàÿ âàæíóþ ðîëü
ãèïîôèçàðíî-íàäïî÷å÷íèêîâîé ñèñòåìû â îáåñïå÷åíèè
àäàïòàöèîííûõ ðåçåðâîâ îðãàíèçìà, ìû (ñîâìåñòíî ñ
Ò.È. Áîãäàíîâîé) èññëåäîâàëè ìîðôîôóíêöèîíàëüíûå
õàðàêòåðèñòèêè åå ñîñòîÿíèÿ ïðè ðàçëè÷íûõ óðîâíÿõ è
äëèòåëüíîñòè äîçîâûõ íàãðóçîê.

Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò îá àêòèâàöèè
ãèïîôèçàðíî-íàäïî÷å÷íèêîâîé ñèñòåìû, âûðàæåí-
íîñòü è ôàçíîñòü êîòîðîé çàâèñåëè îò âåëè÷èíû ïî-
ãëîùåííîé äîçû â êàæäûé ïåðèîä íàáëþäåíèÿ. Ïðè
ñîïîñòàâëåíèè äàííûõ î õàðàêòåðå ñòðåññîðíûõ ðå-
àêöèé â êîðòèêîòðîïîöèòàõ è àäðåíîêîðòèêîöèòàõ
ïîä âîçäåéñòâèåì èíêîðïîðèðîâàííûõ ðàäèîíóêëè-
äîâ è âíåøíåãî îáëó÷åíèÿ óñòàíîâëåíî, ÷òî òîëüêî
ïðè ìàêñèìàëüíîé äîçîâîé íàãðóçêå (óâåëè÷åíèè ïî-
ãëîùåííîé äîçû â òå÷åíèå ãîäà îò 70 äî 500 ìÃð) óñè-
ëåíèå èõ àêòèâíîñòè ñîïðîâîæäàëîñü ïîÿâëåíèåì äè-
ñòðîôè÷åñêèõ è äåñòðóêòèâíûõ èçìåíåíèé â êëåòêàõ
êîðû íàäïî÷å÷íèêîâ ñ óãíåòåíèåì ñòåðîèäîãåíåçà.

Ïîäîáíóþ êàðòèíó íàáëþäàëè è äðóãèå èññëåäîâà-
òåëè ó ìûøåé-ïîëåâîê, äëèòåëüíîå âðåìÿ îáèòàþ-
ùèõ â çîíå îò÷óæäåíèÿ ×ÀÝÑ (Åðìàêîâà Î.Â., 1996).
Ïðè ìåíüøèõ äîçàõ âàðèàáåëüíîñòü ãîðìîíàëüíûõ
(óðîâåíü 11-îêñèêîðòèêîñòåðîèäîâ) è ìîðôîëîãè-
÷åñêèõ ïîêàçàòåëåé íå ïðèâîäèëà ê ïàòîëîãè÷åñêèì
èçìåíåíèÿì â êëåòêàõ ïó÷êîâîé çîíû êîðû íàäïî-
÷å÷íèêîâ.

Ïðè èçó÷åíèè â äèíàìèêå ãîðìîíàëüíîé ôóíêöèè
ùèòîâèäíîé æåëåçû êðûñ, ïîäâåðãàâøèõñÿ îáëó÷å-
íèþ â òå÷åíèå ãîäà, îòìå÷åíî ïîñòåïåííîå ôîðìèðî-
âàíèå äåôèöèòà òèðîêñèíà â êðîâè: íà ðàííåì ýòàïå
ýêñïåðèìåíòà (1,5 ìåñ) íàáëþäàëè ñèíõðîííîå è
äîçîçàâèñèìîå ïîâûøåíèå ñîäåðæàíèÿ â êðîâè òè-
ðåîèäíûõ ãîðìîíîâ � Ò3 è Ò4; ÷åðåç 4 ìåñ � ïîâûøåí-
íûé óðîâåíü Ò3, ïî-âèäèìîìó, ïîääåðæèâàëñÿ çà ñ÷åò
óñèëåíèÿ ïðîöåññîâ ïåðèôåðè÷åñêîãî ïðåâðàùåíèÿ
Ò4 â Ò3, ÷òî ê 12-ìó ìåñÿöó ïðèâîäèëî ê ñíèæåíèþ ïðî-
äóêöèè Ò4 (ðèñóíîê 3). Òàêèì îáðàçîì, äëèòåëüíûå
ðàäèàöèîííûå íàãðóçêè ìîãóò ñïîñîáñòâîâàòü âîç-
íèêíîâåíèþ ãèïîòèðåîèäíîãî ñîñòîÿíèÿ.
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Chronic incorporation of radionuclides in ani-
mals combined with low-intensity external irra-
diation negatively affects spermatogenesis quali-
ty and quantity indices compared to age control
(Karpenko N.A. et al., 1998). It became apparent
through earlier and dose-dependent spermatozoa
concentration decrease, the number of motion-
less and pathological cells increased already du-
ring the first period of radiation impact that sub-
stantially worsened male animal fertility (figu-
re 4). Observed effects were probably stipulated
by central nervous system (CNS) reactivity chang-
es (Gorpinchenko I.I. et al., 1992) both with pitu-
itary-gonad system depression arising under en-
docrine system pituitary-adrenal branch activa-
tion (Grigoryev Yu.G., 1990).

It is necessary to note general regularities of various
viscera and systems reactions observed there dur-
ing the experiment: the first period (1.5 months) was
followed with radionuclide active distribution in tis-
sues and the most expressed compensatory-adap-
tation processes; the second period (4 months) was
characterised by relative resistance; the third peri-
od (12 months) � by pathologic alterations. The bi-
ological response dose-dependence was expressed
during experiment outset. In more delayed irradia-
tion periods the effect expression nature was de-
pendent to a higher degree upon absorbed dose
forming period.

It is essential to note, that despite all the objec-
tive difficulties of results transfer from animal
studies to humans, there is a real possibility of ex-
ploring in experimental conditions the radiobio-
logical effects processes forming during chronic

Õðîíè÷åñêîå ïîñòóïëåíèå ðàäèîíóêëèäîâ â îðãàíèçì
æèâîòíûõ â ñî÷åòàíèè ñ íèçêîèíòåíñèâíûì âíåøíèì
îáëó÷åíèåì íåãàòèâíî âëèÿåò íà êà÷åñòâåííûå è êî-
ëè÷åñòâåííûå ïîêàçàòåëè ñïåðìàòîãåíåçà  (Êàðïåí-
êî Í.À. è ñîàâò., 1998). Ýòî ïðîÿâëÿëîñü â áîëåå ðàí-
íåì è äîçîçàâèñèìîì ñíèæåíèè êîíöåíòðàöèè ñïåð-
ìàòîçîèäîâ, óâåëè÷åíèè êîëè÷åñòâà íåïîäâèæíûõ è
ïàòîëîãè÷åñêèõ êëåòîê óæå íà ïåðâîì ýòàïå îáëó÷å-
íèÿ, ÷òî çíà÷èòåëüíî óõóäøàëî ôåðòèëüíîñòü ñàìöîâ
(ðèñóíîê 4). Íàáëþäàåìûå ýôôåêòû, âîçìîæíî, îáóñ-
ëîâëåíû èçìåíåíèÿìè ðåàêòèâíîñòè öåíòðàëüíîé
íåðâíîé ñèñòåìû (ÖÍÑ) (Ãîðïèí÷åíêî È.È. è ñîàâò.,
1992), à òàêæå óãíåòåíèåì ãèïîôèçàðíî-ãîíàäíîé ñè-
ñòåìû, âîçíèêàþùèì ïðè àêòèâàöèè ãèïîôèçàðíî-
íàäïî÷å÷íèêîâîãî çâåíà ýíäîêðèííîé ñèñòåìû (Ãðè-
ãîðüåâ Þ.Ã., 1990).

Ñëåäóåò îòìåòèòü îáùèå çàêîíîìåðíîñòè ðåàêöèè
ðàçëè÷íûõ ñèñòåì è îðãàíîâ, íàáëþäàåìûõ íàìè ïðè
âûïîëíåíèè ýêñïåðèìåíòà: íà ïåðâîì ýòàïå (1,5 ìåñ)
ïðîèñõîäèëî àêòèâíîå ðàñïðåäåëåíèå ðàäèîíóêëè-
äîâ â òêàíÿõ è íàèáîëåå âûðàæåííûå êîìïåíñàòîðíî-
ïðèñïîñîáèòåëüíûå ïðîöåññû; âòîðîé ýòàï (4 ìåñ)
õàðàêòåðèçîâàëñÿ îòíîñèòåëüíîé ðåçèñòåíòíîñòüþ;
òðåòèé ýòàï (12 ìåñ) � óãëóáëåíèåì ïàòîëîãè÷åñ-
êèõ èçìåíåíèé. Ïðè ýòîì äîçîçàâèñèìîñòü áèîëîãè-
÷åñêèõ îòâåòîâ îòìå÷àëè â íà÷àëå ýêñïåðèìåíòà; â áî-
ëåå îòäàëåííûå ïåðèîäû � õàðàêòåð ïðîÿâëåíèÿ ýô-
ôåêòà â áîëüøåé ñòåïåíè çàâèñåë îò äëèòåëüíîñòè
ôîðìèðîâàíèÿ ïîãëîùåííîé äîçû.

Íåñìîòðÿ íà îáúåêòèâíûå ñëîæíîñòè ýêñòðàïîëÿöèè
ðåçóëüòàòîâ íà ÷åëîâåêà, â ýêñïåðèìåíòàëüíûõ óñëî-
âèÿõ âîçìîæíî èññëåäîâàòü äèíàìèêó ôîðìèðîâà-
íèÿ ðàäèîáèîëîãè÷åñêèõ ýôôåêòîâ ïðè õðîíè÷åñ-
êîì ïîñòóïëåíèè â îðãàíèçì ìàëûõ êîëè÷åñòâ ðàäèî-
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FIGURE 3. THYROID HORMONES SERUM CONTENT IN RATS, EXPOSED TO RADIATION FOR ONE YEAR.
D1 � MAXIMAL, D2 � AVERAGE AND  D3 � MINIMAL TAD
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íóêëèäîâ. Â îðãàíèçìå æèâîòíûõ, ïîëó÷èâøèõ â òå-
÷åíèå ãîäà ïîãëîùåííóþ äîçó 0,5 Ãð (îò âíóòðåííèõ
è âíåøíèõ èñòî÷íèêîâ èîíèçèðóþùèõ èçëó÷åíèé),
ïðîèñõîäèò ïîñòåïåííîå èñòîùåíèå ðåçåðâîâ àäàï-
òàöèè, îáóñëîâëåííîå ñëåäóþùèìè ôàêòîðàìè: îñ-
ëàáëåíèåì îñíîâíîé ñòðåññëèìèòèðóþùåé ÃÀÌÊ-
åðãè÷åñêîé ñèñòåìû â ìîçãå, àêòèâàöèåé ãèïîôèçàð-
íî-íàäïî÷å÷íèêîâîé ñèñòåìû, ñîïðîâîæäàþùåéñÿ
äåñòðóêòèâíûìè èçìåíåíèÿìè â êëåòêàõ êîðû íàä-
ïî÷å÷íèêîâ è ñíèæåíèåì âûðàáîòêè ñòðåññîðíûõ
ãîðìîíîâ (ãëþêîêîðòèêîèäîâ), äåôèöèòîì òèðîê-
ñèíà è ðàçâèòèåì îêñèäàíòíîãî ñòðåññà (Àëåõè-
íà Ñ.Ì. è ñîàâò., 1998).

ÂÛÂÎÄÛ
Ðàäèàöèîííî îáóñëîâëåííûå èçìåíåíèÿ, íàáëþäàå-
ìûå â ñèñòåìàõ àäàïòàöèè, ñ îäíîé ñòîðîíû, ïîçâîëÿ-
þò îðãàíèçìó ñêîððåêòèðîâàòü ðàííèå îòâåòû íà âîç-
äåéñòâèå èîíèçèðóþùèõ èçëó÷åíèé, à ñ äðóãîé, � ïðî-
ãðåññèðóÿ â òå÷åíèå äëèòåëüíîãî âðåìåíè, íàðóøàþò
äèíàìè÷åñêîå ñîîòíîøåíèå àäàïòàöèîííî-êîìïåíñà-
òîðíûõ è äåñòðóêòèâíûõ ïðîöåññîâ è ôîðìèðóþò îñ-
íîâó äëÿ �ðåãóëÿòîðíîé ïàòîëîãèè�. Â ñâÿçè ñ ýòèì àê-
òóàëüíîé îñòàåòñÿ ïðîáëåìà ôàðìàêîëîãè÷åñêîé è
áèîëîãè÷åñêîé çàùèòû îðãàíèçìà â óñëîâèÿõ õðîíè-
÷åñêîãî îáëó÷åíèÿ â ìàëûõ äîçàõ.

entry of small amounts of radionuclides  into the
body. The data received in the present work are
evident for gradual exhaustion of main adapta-
tion systems reserves in animals receiving yearly
absorbed dose 0.5 Gy (dose formed from both in-
ternal and external ionising radiation sources).
That exhaustion is stipulated by: cerebral main
stress-limiting GABA-ergic system slackening, pi-
tuitary-adrenal system activation followed by ad-
renal cortex cells destructive changes and stress-
hormones� glucocorticoids � production de-
crease, thyroxin deficiency and oxidative stress
genesis (Alekhina S.M. et al., 1998).

CONCLUSIONS
Radiation-stipulated alterations observed in ad-
aptation systems on the one hand, enable the or-
ganism to correct early responses to radiation ex-
posure, and on the other � being accumulated
for a prolonged time upset the dynamic interre-
lation between adaptation-compensatory and
destructive processes and form a basis for �regu-
lar pathology�. In this connection the organism�s
pharmacological and biological protection
problem under low doses chronic exposure re-
mains topical.

FIGURE 4. MALE RATS EXPOSED TO INTERNAL AND EXTERNAL IRRADIATION FOR A YEAR FERTILITY PARAMETERS.
D1 � MAXIMAL, D2 � AVERAGE AND  D3 � MINIMAL TAD
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