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Íàäëèøêîâå íàäõîäæåííÿ ôòîðèä³â âîðãàí³çì ñïðè÷èíÿº ð³çíîìàí³òí³ á³î-õåì³÷í³ òà ìîðôîôóíêö³îíàëüí³ ïîðóøåí-íÿ [1], â òîìó ÷èñë³ óòâîðåííÿ ë³ìôîã³ñ-ò³îöèòàðíèõ ³íô³ëüòðàò³â ó ïå÷³íö³ [2].Âíàñë³äîê õðîí³÷íîãî íàäõîäæåííÿ íàä-ëèøêîâèõ äîç ôòîðèä³â äî îðãàí³çìó (ïðè-áëèçíî 10 ìã íà êã ìàñè ò³ëà) àêòèâóþòü-ñÿ ïðîöåñè â³ëüíîðàäèêàëüíîãî ïåðåêèñ-

íîãî îêèñíåííÿ (ÂÏÎ) â êðîâ³ çà ðàõóíîêäèõàëüíîãî «âèáóõó íåéòðîô³ë³â», ùî ïî-ñëàáëþº àíòèîêñèäàíòíèé çàõèñò îðãàí³ç-ìó [3]. Ïðè öüîìó ïîðóøóºòüñÿ åíåðãåòè÷-íèé îáì³í ó ïå÷³íö³ [4], íåçâàæàþ÷è íà òå,ùî ôòîðèä-³îí íå ïåðåòâîðþºòüñÿ íà ôòî-ðîîðãàí³÷í³ ñïîëóêè [5].Ä³ÿ ³îí³çóâàëüíî¿ ðàä³àö³¿ (²Ð) ïîâ�ÿçà-íà ÿê ³ç ðîçðèâîì êîâàëåíòíèõ çâ�ÿçê³â

Âïëèâ ïîºäíàíî¿ õðîí³÷íî¿ ä³¿ï³äâèùåíèõ äîç íàòð³þ ôòîðèäóòà ³îí³çóâàëüíîãî îïðîì³íåííÿíà àíòèîêñèäàíòíèé ñòàòóñòà åíåðãåòè÷íèé îáì³í ó ïå÷³íö³òâàðèíThe influence of chronic exposure to increaseddoses of sodium fluoride and ionizing radiationon antioxidant state and energy metabolismin the liver of animals
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Öåëü ðàáîòû: Èçó÷åíèå âëèÿíèÿ õðîíè÷åñêîé ôòîðèñòîéèíòîêñèêàöèè è èîíèçèðóþùåé ðàäèàöèè (ÈÐ) íà àíòèîêñè-äàíòíûé ñòàòóñ è ýíåðãåòè÷åñêèé îáìåí â ïå÷åíè æèâîòíûõ.Ìàòåðèàëû è ìåòîäû: Èññëåäîâàíèÿ ïðîâåäåíû íà 50 áå-ëûõ êðûñàõ-ñàìöàõ ëèíèè Âèñòàð. Íàòðèÿ ôòîðèä ââîäèëè ïå-ðîðàëüíî â ñóòî÷íîé äîçå 10 ìã/êã ìàññû òåëà. Ãàììà-îáëó÷å-íèå âîñïðîèçâîäèëè êîáàëüòîâîé ïóøêîé ÀÃÀÒ-2 â ñóììàðíîéäîçå 7 Ãð. Îïðåäåëÿëè êîíöåíòðàöèþ ìàëîíîâîãî äèàëüäåãèäà(ÌÄÀ), àêòèâíîñòü êàòàëàçû, ñóïåðîêñèääèñìóòàçû (ÑÎÄ),ñîäåðæàíèå öÀÌÔ, öÃÌÔ, ÀÒÔ, ÀÌÔ, ÐÍÊ, ãëîáóëèíîâ èãèñòîíîâ. Îïðåäåëÿëè òêàíåâîå äûõàíèå ïî ×àíñó.Ðåçóëüòàòû: Ó ïîäîïûòíûõ æèâîòíûõ ïðè êîìáèíèðîâàí-íîì äåéñòâèè íàòðèÿ ôòîðèäà è ÈÐ íàáëþäàëè óâåëè÷åíèå êîí-öåíòðàöèè ÌÄÀ, ñíèæåíèå àêòèâíîñòè êàòàëàçû è ÑÎÄ, à òàê-æå ñîäåðæàíèÿ ÀÒÔ è ÀÄÔ, âîçðàñòàíèå êîíöåíòðàöèè ÀÌÔè íåîðãàíè÷åñêîãî ôîñôàòà. Ñíèæàëñÿ êîýôôèöèåíò ýôôåêòèâ-íîñòè ôîñôîðèëèðîâàíèÿ ÀÄÔ/0.Âûâîäû: Ñî÷åòàííîå âîçäåéñòâèå â òå÷åíèå 6 ìåñÿöåâ ïîâû-øåííûõ äîç ôòîðà è ìíîãîðàçîâîãî ìàññèâíîãî èîíèçèðóþùåãîîáëó÷åíèÿ ïðèâîäèò ê óñèëåíèþ ñâîáîäíîðàäèêàëüíîãî îêèñ-ëåíèÿ è îñëàáëåíèþ àíòèîêñèäàíòíîé çàùèòû ïî ñðàâíåíèþ ñýôôåêòîì îäíîôàêòîðíîãî ïîâðåæäåíèÿ.Êîìáèíèðîâàííîå äåéñòâèå íàòðèÿ ôòîðèäà è ÈÐ ñíèæàëîñîäåðæàíèå ìàêðîýðãîâ, öÀÌÔ, ÐÍÊ, ãëîáóëèíîâ è ãèñòîíîâ,äûõàòåëüíûé êîíòðîëü, ïîòðåáëåíèå êèñëîðîäà äëÿ äûõàíèÿïðè ïîâûøåíèè êîíöåíòðàöèè öÃÌÔ â ïå÷åíè. Ïðè ýòîì àääè-òèâíûå íàðóøåíèÿ, âîçíèêàþùèå ïðè ñî÷åòàííîì  äåéñòâèè,â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿþòñÿ ýôôåêòîì ãàììà-îáëó÷å-íèÿ.  Äåéñòâèå ÈÐ è ïîâûøåííîå ïîñòóïëåíèå íàòðèÿ ôòîðè-äà âûçûâàåò íàðóøåíèå ñèíòåçà ÐÍÊ, ãëîáóëèíîâ è ãèñòîíîâ,ñíèæåíèå êîíöåíòðàöèè öÀÌÔ â òêàíÿõ ïå÷åíè, ÷òî ñâèäåòåëü-ñòâóåò î ìåòàáîëè÷åñêèõ ñäâèãàõ â ôóíäàìåíòàëüíûõ êëåòî÷-íûõ ìåõàíèçìàõ.Êëþ÷åâûå ñëîâà: àíòèîêñèäàíòû, ïåðåêèñíîå îêèñëåíèåëèïèäîâ, ïå÷åíü, ðàäèàöèÿ, íàòðèÿ ôòîðèä, ýíåðãåòè÷åñêèéîáìåí.

Objective: To study the influence of chronic fluoride into-xication and ionizing radiation on antioxidant state and energymetabolism in the liver of animals.Materials and Methods: The investigation involved 50 whiteWistar male rats. Sodium fluoride was introduced orally in thedaily dose 10 mg/kg of the body mass. Gamma-rays were generatedwith cobalt unit AGAT-2 at a total dose of 7 Gy. Concentration ofmalonic dialdehyde, catalase activity, superoxide dismutaseconcentration of cAMP, cGMP, ATP, RNA of globulins and gistonswere determined. Tissue respiration was evaluated according toChance.Results: In the experimental animals at combined  action ofsodium fluoride and radiation the growth of malonic dialdehydeconcentration, reduction of catalase and superoxide dismutaseactivity, ATP, ADP amount as well as increase of AMP and ino-rganic phosphate concentration were observed. The coefficient ofeffectiveness of phosphorylation (ADP/0) was reduced.Conclusion: Combined action of increased doses of NaF for6 months and repeated massive g-irradiation causes intensificationof free radical oxidation and weakening of antioxidant protection.Combined action of NaF and g-irradiation reduces the con-centration of high-energy compounds (ATP, ADP, creatine phos-phate), cAMP, RNA, globulins and gistons  as well as control ofbreathing and oxygen consumption; the concentration of inorganicphosphate in the liver is increased.g-irradiation and increased consumption of NaF disturbsynthesis of RNA, globulins and gistons, decrease the concen-tration of cAMP in the liver. All this disturbances are due to theaction of g-irradiation as well as NaF, but the action of g-irradiationis more pronounced.Key words: antioxidants, lipid peroxidation, liver, sodiumfluoride, radiation, energy metabolism.
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á³îïîë³ìåð³â, òàê ³ ç ðàä³îë³çîì âîäè, ïðî-äóêòè ÿêîãî ³í³ö³þþòü ¿õ ÂÏÎ [6]. Âèÿâ-ëåí³ ïåâí³ äîçîçàëåæí³ åôåêòè ãàììà-îïðîì³íåííÿ (ÃÎ), ÿê³ ñïðèÿþòü çì³íåííþð³âíÿ ÂÏÎ òà àíòèîêñèäàíòíîãî çàõèñòó[7]. Íèí³ ùå íå îòðèìàíî äîñòàòíüî äàíèõïðî çì³íè â åíåðãåòè÷íîìó îáì³í³ â êë³òè-íàõ ³ òêàíèíàõ ï³ñëÿ âïëèâó ÃÎ [8].Äîñë³äæåííÿ îñòàíí³õ ðîê³â ïîêàçàëè,ùî ²Ð, ÿê ³ áóäü-ÿêèé ôàêòîð íàâêîëèø-íüîãî ñåðåäîâèùà, âïëèâàº íà îðãàí³çì íå³çîëüîâàíî, à â ïîºäíàíí³ ç ³íøèìè ÷èííè-êàìè [9]. Çìåíøåííÿ äîçîâèõ íàâàíòà-æåíü ²Ð ï³äâèùóº ïèòîìó âàãó âïëèâóôàêòîð³â ³íøî¿ ïðèðîäè [10, 11].Åôåêò ²Ð ìîæå âèÿâëÿòèñÿ íà êë³òèííî-ìó ð³âí³ âíàñë³äîê ¿¿ âçàºìîä³¿ ç áàãàòüìàôàêòîðàìè. Íàïðèêëàä, ï³äâèùóºòüñÿ÷óòëèâ³ñòü îðãàí³çìó äî ðàä³àö³¿ ï³ä âïëè-âîì ñâèíöþ, ôîðìàëüäåã³äó ðòóò³, êàäì³þ[12].Åôåêòè ïîºäíàíî¿ ä³¿ íàòð³þ ôòîðèäó ³ÃÎ äîñ³ ìàëî âèâ÷åí³, õî÷à ö³ ïèòàííÿ àê-òóàëüí³ ç îãëÿäó íà ³ñíóâàííÿ êîíòèí-ãåíò³â ëþäåé, ùî ï³ääàþòüñÿ õðîí³÷í³é ä³¿ï³äâèùåíèõ äîç ôòîðèä³â ³ åï³çîäè÷í³é �ÃÎ.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿïîºäíàíî¿ ä³¿ íàòð³þ ôòîðèäó òà ²Ð íà ñòàíàíòèîêñèäàíòíîãî ñòàòóñó é åíåðãåòè÷íî-ãî îáì³íó â ïå÷³íö³ òâàðèí.Ìåòîäèêà äîñë³äæåííÿ
Äîñë³äæåííÿ ïðîâîäèëè íà 50 á³ëèõ ùóðàõ-ñàìöÿõïîïóëÿö³¿ Â³ñòàð ìàñîþ 180�200 ã. Òâàðèí ðîçïîä³ëè-ëè íà 4 ãðóïè: ² ãðóïà � êîíòðîëüíà (11 ùóð³â); ²² �îòðèìóâàëà ïðîòÿãîì 6 ì³ñ. ïåðîðàëüíî âîäíèé ðîç÷èííàòð³þ ôòîðèäó â äîáîâ³é äîç³ 10 ìã íà êã ìàñè ò³ëà (15ùóð³â); ²²² � ï³äëÿãàëà ôðàêö³îíîâàíîìó çîâí³øíüîìóãàììà-îïðîì³íþâàííþ (LD 70/30) íà àïàðàò³ ÀÃÀÒ-2 óñóìàðí³é äîç³ 7 Ãð ïðîòÿãîì 3 äí³â � 2,5; 2,5; 2 Ãð (10ùóð³â); IV � îòðèìóâàëà íàòð³þ ôòîðèä ïðîòÿãîì 6ì³ñÿö³â ³ íàïðèê³íö³ � ÃÎ ó çàçíà÷åíèõ äîçàõ (14ùóð³â). ×åðåç 7 äí³â ï³ñëÿ çàê³í÷åííÿ åêñïåðèìåíòó ï³äãåêñåíàëîâèì íàðêîçîì (50 ìã/êã ìàñè ò³ëà) ïðîâîäè-ëè åâòàíàç³þ òâàðèí øëÿõîì â³äáîðó êðîâ³ ç ë³âîãîøëóíî÷êà ñåðöÿ.Åêñòèðïîâàíó ïå÷³íêó ãîìîãåí³çóâàëè òà âèçíà÷àëèêîíöåíòðàö³þ ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) äî é ï³ñëÿï³âòîðàãîäèííî¿ ³íêóáàö³¿, àêòèâí³ñòü êàòàëàçè ³ ñóïåð-îêñèääèñìóòàçè (ÑÎÄ) [13�15], âì³ñò öÀÌÔ ³ öÃÌÔ [16],ÀÒÔ, ÀÄÔ, ÀÌÔ, êðåàòèíôîñôàòó, íåîðãàí³÷íîãî ôîñ-ôàòó [17�20], à òàêîæ ñóìàðíèé âì³ñò ÐÍÊ, ãëîáóë³í³âòà ã³ñòîí³â [21]. Ó ñóñïåíç³¿ ì³òîõîíäð³é ãåïàòîöèò³âäîñë³äæóâàëè ñïîæèâàííÿ êèñíþ â åíäîãåííîìó äè-õàíí³ ó 3-ìó òà 4-ìó ñòàíàõ çà ×àíñîì, à òàêîæ ïðè áëî-êóâàíí³ ðîòåíîíîì [22]. Ñòàòèñòè÷íó îáðîáêó îòðèìà-íèõ ðåçóëüòàò³â ïðîâîäèëè çã³äíî ç êðèòåð³ºì Ñòüþäåí-òà.

Òàáëèöÿ 1 � Ñòàí àíòèîêñèäàíòíîãî ñòàòóñó ïå÷³íêè ùóð³â ïðè ïîºäíàí³é ä³¿ íàòð³þ ôòîðèäó òà ÃÎ (Ì±m)Antioxidant state of the rat liver at combined action of sodium fluoride and gamma-rays (M±m)

Ïðèì³òêà. Òóò ³ äàë³: ð � ïîêàçíèê â³ðîã³äíîñò³ â³äì³ííîñò³ ðåçóëüòàò³â â³äíîñíî ² ãðóïè äîñë³ä³â; ð1 � ïîêàçíèê â³ðîã³äíîñò³â³äì³ííîñò³ ðåçóëüòàò³â ²² ãðóïè â³äíîñíî ² ãðóïè äîñë³ä³â; ð2 � ïîêàçíèê â³ðîã³äíîñò³ â³äì³ííîñò³ ðåçóëüòàò³â ²²² ãðóïèâ³äíîñíî ² ãðóïè äîñë³ä³â.
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Òàáëèöÿ 2 � Ñòàí åíåðãåòè÷íîãî îáì³íó â ïå÷³íö³ ùóð³â ïðè ïîºäíàí³é ä³¿ íàòð³þ ôòîðèäó òà ÃÎ (Ì±m)The state of energy metabolism in the rat liver at combined action of sodium fluoride and gamma-rays (M±m)

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ï³ñëÿ 6 ì³ñ. ä³¿ ï³äâèùåíèõ äîç íàòð³þôòîðèäó â ïå÷³íö³ òâàðèí â³äçíà÷àëîñÿçá³ëüøåííÿ êîíöåíòðàö³¿ ÌÄÀ-0 òà ÌÄÀ-1,5, ïðèðîñòó ÌÄÀ âïðîäîâæ ³íêóáàö³¿,çðîñòàííÿ àêòèâíîñò³ ÑÎÄ ïðè çìåíøåíí³àêòèâíîñò³ êàòàëàçè, ùî âêàçóâàëî íà çíè-æåííÿ ð³âíÿ àíòèîêñèäàíòíîãî çàõèñòó(òàáë. 1). Êîíöåíòðàö³ÿ ÀÒÔ, ÀÄÔ ³ êðå-

Òàáëèöÿ 3 � Ôóíêö³îíàëüíèé ñòàí ì³òîõîíäð³é ïå÷³íêè ùóð³â ïðè ïîºäíàí³é ä³¿ ôòîðèäó íàòð³þ òà ÃÎ(Ì±m)Functional state of mitochondria of the rat liver at combined action of sodium fluoride and gamma-rays (M±m)

àòèíôîñôàòó â ïå÷³íö³ áóëà çíèæåíîþ, àÀÌÔ ³ íåîðãàí³÷íîãî ôîñôàòó � ï³äâèùå-íîþ (òàáë. 2). Ó ì³òîõîíäð³ÿõ ïå÷³íêè ñïî-ñòåð³ãàëè çíèæåííÿ äèõàëüíîãî êîíòðî-ëþ. Ï³äâèùåííÿ êîíöåíòðàö³¿ öÀÌÔ óïå÷³íö³ ïðèçâîäèëî äî çá³ëüøåííÿ êîåô³-ö³ºíòà â³äíîøåííÿ öÀÌÔ/öÃÌÔ.×åðåç 7 äí³â ï³ñëÿ òðèðàçîâîãî ãàììà-îïðîì³íþâàííÿ â ïå÷³íö³ ñïîñòåð³ãàëîñÿï³äñèëåííÿ ïðîöåñ³â ïåðîêñèäàö³¿ òà ïî-
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Òàáëèöÿ 4 � Âì³ñò ÐÍÊ, á³ëê³â ³ öèêë³÷íèõ íóêëåîòèä³â ó ïå÷³íö³ ùóð³â ïðè ïîºäíàí³é ä³¿ íàòð³þ ôòîðèäóòà ÃÎ (Ì±m)RNA, protein and cyclic nucleotides amount in the rat liver at combined action of sodium fluoride and gamma-rays(M±m)

ñëàáëåííÿ àíòèîêñèäàíòíîãî çàõèñòó.Çì³íè âì³ñòó ìàêðîåðã³â ó ïå÷³íö³ ï³ñëÿâïëèâó ÃÎ áóëè ñõîæèìè ç òàêèìè ïðèã³ïåðôòîðîç³ çà âèíÿòêîì çíà÷åíü êîíöåí-òðàö³¿ ÀÌÔ. Äàí³, ùî õàðàêòåðçóþòüôóíêö³îíàëüíèé ñòàí ì³òîõîíäð³é ïå÷³í-êè ùóð³â ïðè ïîºäíàíí³ ä³¿ íàòð³þ ôòîðè-äó ³ ÃÎ, íàâåäåí³ â òàáë. 3.Ó ì³òîõîíäð³ÿõ ïå÷³íêè â³äçíà÷àëîñÿçíèæåííÿ äèõàëüíîãî êîíòðîëþ òà êîå-ô³ö³ºíòà ôîñôîðèëþâàííÿ (ÀÎÔ/0).Íà â³äì³íó â³ä åôåêò³â ã³ïåðôòîðîçó âíà-ñë³äîê ãàììà-îïðîì³íþâàííÿ â ïå÷³íö³çíèæóâàëàñÿ êîíöåíòðàö³ÿ ÐÍÊ òàöÀÌÔ ïðè ï³äâèùåíí³ âì³ñòó öÃÌÔ.Éìîâ³ðíî, ùî â³äáóâàëîñÿ ïîðóøåííÿòðàíñêðèïö³¿ òà ï³äñèëåííÿ ðîçïàäóÐÍÊ, ùî ìîæå áóòè ïîâ�ÿçàíèì ç àêòèâà-ö³ºþ êàëüö³ºâîãî êàñêàäó, êîìïîíåíòîìÿêîãî º öÃÌÔ (òàáë. 4).Ïðè ïîºäíàí³é ä³¿ íàòð³þ ôòîðèäó òà ÃÎâèÿâèëèñü ÿñêðàâ³ø³ çì³íè àíòèîêñè-äàíòíîãî ñòàòóñó â ïå÷³íö³ ïîð³âíÿíî çîêðåìîþ ä³ºþ óøêîäæóâàëüíèõ ôàêòî-ð³â. Ð³çêå çá³ëüøåííÿ ïðèðîñòó ÌÄÀ ïðî-òÿãîì ³íêóáàö³¿ ñâ³ä÷èëî ïðî âèñíàæåí-íÿ àíòèîêñèäàíòíîãî çàõèñòó, ÿêå ï³äñè-

ëþâàëîñÿ ïðîäóêö³ºþ ïåðåêèñó âîäíþâíàñë³äîê ³íäóêóâàííÿ àêòèâíîñò³ ÑÎÄïðè ð³çêîìó çíèæåíí³ àêòèâíîñò³ êàòàëà-çè. Ïîð³âíÿíî ç ²² òà ²²² ãð. ó ïå÷³íö³ äî-ñòîâ³ðíî çíèæóâàëàñÿ êîíöåíòðàö³ÿÀÒÔ, ÀÄÔ, êðåàòèíîôîñôàòó òà ï³äâè-ùóâàâñÿ âì³ñò íåîðãàí³÷íîãî ôîñôàòó. Âì³òîõîíäð³ÿõ ïå÷³íêè â³äçíà÷àëîñÿ äåÿ-êå çíèæåííÿ, ïîð³âíÿíî ç êîíòðîëåì,åíäîãåííîãî äèõàííÿ òà äèõàííÿ, áëîêî-âàíîãî ðîòåíîíîì, ùî ïåðåøêîäæàºîêèñíåííþ ñóáñòðàò³â. Çíèæåííÿ ð³âíÿäèõàëüíîãî êîíòðîëþ òà êîåô³ö³ºíòà ôîñ-ôîðèëþâàííÿ (ÀÄÔ/0), éìîâ³ðíî, ïîâ�ÿ-çàíî ç íåäîñòàòí³ñòþ ÀÄÔ.Óíàñë³äîê ïîºäíàíî¿ ä³¿ íàòð³þ ôòîðè-äó òà ²Ð ó ïå÷³íö³ çíèæóâàëàñÿ êîíöåíò-ðàö³ÿ öÃÌÔ â³äíîñíî çíà÷åíü, õàðàêòåð-íèõ äëÿ ²²² ãð. (ä³ÿ ÃÎ).Âèäàºòüñÿ, ùî ïåðåêèñíà äåñòðóêö³ÿìåìáðàí òà â³ëüíîðàäèêàëüíå óøêîäæåí-íÿ ÄÍÊ ïðèçâîäèòü äî çíèæåííÿ ñóìàðíî¿ÐÍÊ, ï³äñèëåííÿ âèòðàò ÀÒÔ äëÿ ðåïà-ðàö³¿ ÄÍÊ òà ìåìáðàí, ó ÷îìó ìîæå âèÿâ-ëÿòèñü àíàáîë³÷íèé   åôåêò êàëüö³ºâî¿ìåñåíäæåðíî¿ ñèñòåìè, ùî â³äáèâàëîñÿ óïðîöåñ³ ñèíòåçó á³ëêà.
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Âèñíîâêè
1. Ïîºäíàííÿ ä³¿ íàäëèøêîâèõ äîç ôòî-ðó (10 ìã/êã) ïðîòÿãîì 6 ì³ñ. òà ôðàêö³î-íîâàíîãî ²Â (LD 70/30) ïðèçâîäèòü äîï³äñèëåííÿ â³ëüíîðàäèêàëüíîãî  îêèñíåí-íÿ òà ïîñëàáëåííÿ àíòèîêñèäàíòíîãî çà-õèñòó ïîð³âíÿíî ç ä³ºþ îäíîôàêòîðíîãîóøêîäæåííÿ.2. ²îí³çóâàëüíà ðàä³àö³ÿ, íàäëèøêîâåíàäõîäæåííÿ íàòð³þ ôòîðèäó òà ¿õ êîìá³-íîâàíà ä³ÿ ñïðè÷èíÿº çíèæåííÿ âì³ñòóìàêðîåðã³â, öÀÌÔ, ÐÍÊ, ãëîáóë³í³â,ã³ñòîí³â, à òàêîæ äèõàëüíîãî êîíòðîëþ âòêàíèíàõ ïå÷³íêè, ùî ñâ³ä÷èòü ïðî ìåòà-áîë³÷í³ çñóâè ó ôóíäàìåíòàëüíèõ êë³òèí-íèõ ìåõàí³çìàõ.3.  Ïîðóøåííÿ, ÿê³ âèíèêàþòü ïðè ïî-ºäíàíí³ ä³¿ ²Ð òà íàòð³þ ôòîðèäó õî÷à ³ ºàäèòèâíèìè, âò³ì âåëèêîþ ì³ðîþ âèçíà-÷àþòüñÿ åôåêòîì ãàììà-îïðîì³íþâàííÿ.Ë³òåðàòóðà1. Àâöûí À.Ï., Æàâîðîíêîâ À.À., Ðèø Ì.À., Ñòðî÷êî-âà Ë.Ñ. Ìèêðîýëåìåíòîçû ÷åëîâåêà. � Ì.: Ìåäè-öèíà, 1991. � 496 ñ.2. Òîêàðü Â.È., Æàâîðîíêîâ À.À., Ùåðáàêîâ Ñ.Â. Ôòîð èýíäîêðèííàÿ ñèñòåìà. � Íîâîñèáèðñê: Íàóêà,1991. � 120 ñ.3. Öåáðæèíñêèé Î.È. // Ìàòåð. íàóê.-ïðàêò. êîíô.«Ôòîð. Ïðîáëåìè åêîëîã³¿, á³îëîã³¿, ìåäèöèíè, ã³ã³º-íè». � Ïîëòàâà, 1993. � Ñ. 99�101.4. Êîñòåíêî À.Ã. // Òàì æå. � 1993 � Ñ. 64�65.5. Öåáðæèíñêèé Î. È. // Ïðîáë. åêîë. òà ìåä. � 1997. �Ò. 1, ¹ 2. � Ñ. 10�12.6. Òèìîôååâ-Ðåñîâñêèé Í.Â., Ñàâè÷ À.Â., Øàëüêîâ Ì.È.Ââåäåíèå â ìîëåêóëÿðíóþ ðàäèîáèîëîãèþ. � Ì.:Ìåäèöèíà, 1981. � 320 ñ.7. Áàðàáîé Â.À., Îë³éíèê Ñ.À., Õìºëºâñüêèé Þ. Â.// Óêð. á³îõ³ì. æóðí. � 1994. � Ò. 66, ¹ 3. � Ñ. 3�16.8. Áàðàáîé Â. À., Îë³éíèê Ñ. À., Õìºëºâñüêèé Þ. Â.// Òàì æå. � Ò. 66, ¹ 4. � Ñ. 3�18.9. ßðìîíåíêî Ñ. Ï. Ðàäèîáèîëîãèÿ ÷åëîâåêà è æèâîò-íûõ. � Ì.: Âûñø. øê., 1988. � 424 ñ.10. Âàñèëåíêî È. ß. // Âîåí.-ìåä. æóðí. � 1982. �¹ 1. � Ñ. 33�36.11. Âàñèëåíêî È. ß. // Ìåä. ðàäèîë. � 1984. � Ò. 29,¹ 7. � Ñ. 70�76.12. Äîáðîâîëüñêèé Ë.À. // Âðà÷. äåëî. � 1981. � ¹ 2. �Ñ. 11�16.13. Âëàäèìèðîâ Â.À., Àð÷àêîâ À.B. Ïåðåêèñíîå îêèñëåíèåëèïèäîâ â áèîãåííûõ ìåìáðàíàõ. � Ì., 1972. � 126 ñ.14. Àðõèïîâà Î.Ã. Ìåòîäû èññëåäîâàíèÿ  â ïðîôïà-òîëîãèè. � Ì.: Ìåäèöèíà, 1988. � 207 ñ.15. Áðóñîâ Î.Î., Ãåðàñèìîâ À.Ì., Ïàí÷åíêî Ë.Ô. // Áþë.ýêñïåðèì. áèîë. è ìåäèöèíû. � 1976. � ¹ 1. � Ñ. 33�35.16. Stenner A.Z. // Advances in cyclic nucleotide research.Raven Press. � 1972. � Vol. 2, ¹ 5. � P. 51�62.17. Beutter E. Methods of enzymatic analysis. � New York,1975. � Vol. 1. � 565 p.18. Taworek D., Gruber W., Bergmeyer H.V. Adenosin-5-diund adenosin-5-monophosphat // In: Bergmeyer H.U.Methoden der enzymatischen analyze, Wienteim.1974. � Bd. 2. � S. 2178�2181.
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