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Ïîøóê íîâèõ åôåêòèâíèõ ðàä³îçàõèñ-
íèõ çàñîá³â øèðîêîãî ñïåêòðà ä³¿ ñüîãîäí³
º âåëüìè àêòóàëüíèì ÿê ç òî÷êè çîðó åêî-
ëîã³÷íî¿ áåçïåêè ëþäèíè, òàê ³ âèêîðèñ-
òàííÿ ¿õ ó êîìïëåêñí³é ðàä³îòåðàï³¿ îíêî-
ëîã³÷íèõ õâîðèõ. Ó öüîìó ñåíñ³ íà îñîáëè-
âó óâàãó çàñëóãîâóþòü äàí³, ùî ñâ³ä÷àòü
ïðî ìîæëèâîñò³ âèêîðèñòàííÿ íèçüêî³í-
òåíñèâíîãî ëàçåðíîãî âèïðîì³íåííÿ ç ðà-
ä³îçàõèñíîþ ìåòîþ.

Òàê, ïîêàçàíà [1] âèðàæåíà ðàä³îçàõèñ-
íà ä³ÿ íèçüêî³íòåíñèâíîãî ëàçåðíîãî âè-

ïðîì³íåííÿ ç äîâæèíîþ õâèë³ 532 íì íà
êóëüòóðó Escherichia coli ïðè ¿¿ îïðîì³íþ-
âàíí³ a -÷àñòèíêàìè.

Êóðñîâå îïðîì³íþâàííÿ ùóð³â ñâ³òëîì
ãåë³é-íåîíîâîãî ëàçåðà (l =633 íì) ï³ñëÿ
ä³¿ íà íèõ íàï³âëåòàëüíî¿ äîçè g-âèïðîì³-
íåííÿ çá³ëüøóâàëî âèæèâàí³ñòü òâàðèí ç
40 äî 58% [2].

Âèÿâëåíî ìîæëèâ³ñòü ãàëüìóâàííÿ ìå-
òîäàìè ëàçåðíî¿ òåðàï³¿ ðîçâèòêó ïîñòïðî-
ìåíåâèõ çì³í ó êë³òèíàõ, îðãàíàõ òà òêà-
íèíàõ ëþäèíè [3]. Ó ðàä³àö³éíî óðàæåíèõ
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Protective effect of red laser on exposed
to radiation embryos of birds

Objective: To investigate the possibility of radioprotective
action of low-intensity red laser on the embryos of birds exposed
to ionizing radiation.

Material and Methods: The experiment was done on the em-
bryos of quail. On the stage of early gastrula (before incubation)
the embryos of the experimental group were irradiated with x-rays
(8.0�8.55 Gy) using ÐÓM-17 unit. The embryos from similar
groups were also irradiated by red helium-neon laser ËÃÍ-III (40�
90 mI). Besides, in each series there was a control group which was
not exposed to any radiation. During incubation embryo mortality
and birth rate were analysed for each group. To evaluate the long-
term effects of x-ray and laser radiation tne level of lipid pe-
roxidation, activity of antioxidant enzymes, the content of oxi-
dized cytochrome P-450 in the liver of the birds were studied.

Results: 4.5�6 fold increase in early embryonic death and 2�3.1
fold reduction of the birth rate after x-ray irradiation of embryos
was determined when compared with the controls. Irradiation with
red laser increased 1.5�1.7 times (p<0.05) the survival at early
stages of incubation and inereased 1.6 times the birth rate, when
compared with the groups exposed to x-rays only. In adult birds
from the embryos exposed both to x-rays and laser radiation
significant increase in the level of lipid peroxides in the liver was
found out when compared with the controls. Significant increase
of catalase activity and the amount of oxidized cytochrome P-450
was noted in the liver of the birds from the embryos exposed to red
laser after x-ray irradiation.

Conclusion: Low-intensity laser radiation of red range produces
radioprotective effect in the embryos of quails exposed to x-rays
reducing significantly (1.5�1.7 times, p<0.05) early embryonic
mortality and increasing 1.6 times the birth rate. Irradiation of
embryos exposed to x-rays with red laser causes significant in-
crease in catalase activity and the amount of oxidized cytochrome
P-450 in the liver of the adult birds.

Key words: low-intensity laser radiation, x-rays, embryos of
quails, radioprotective effect, catalase, cytochrome P-450.

Öåëü ðàáîòû: Èññëåäîâàòü âîçìîæíîñòü ðàäèîçàùèòíîãî
äåéñòâèÿ íèçêîèíòåíñèâíîãî êðàñíîãî ëàçåðíîãî ñâåòà íà ïîðà-
æåííûå èîíèçèðóþùèì èçëó÷åíèåì ýìáðèîíû ïòèöû.

Ìàòåðèàëû è ìåòîäû: Ðàáîòà ïðîâåäåíà íà ýìáðèîíàõ ïå-
ðåïåëà ÿïîíñêîãî. Íà ñòàäèè ðàííåé ãàñòðóëû (ïåðåä èíêóáàöè-
åé) íà ýìáðèîíû îïûòíûõ ãðóïï ïðè ïîìîùè àïïàðàòà ÐÓÌ-17
âîçäåéñòâîâàëè ðåíòãåíîâñêèì èçëó÷åíèåì â äîçàõ 8,0�8,55 Ãð.
Íà ýòîì ôîíå ýìáðèîíû îäíîé èç ãðóïï-àíàëîãîâ (êàæäîãî îïû-
òà) îáëó÷àëè êðàñíûì ñâåòîì ãåëèé-íåîíîâîãî ëàçåðà ËÃÍ-111
â äîçàõ 40�90 ìÄæ. Êðîìå ýòîãî, â êàæäîì îïûòå ïðèñóòñòâî-
âàëè êîíòðîëüíûå ãðóïïû ýìáðèîíîâ, íå ïîäâåðãàâøèåñÿ ðåíò-
ãåíîâñêîìó è ëàçåðíîìó âîçäåéñòâèþ. Â ïðîöåññå èíêóáàöèè
àíàëèçèðîâàëè ýìáðèîíàëüíóþ ñìåðòíîñòü è âûâîä ìîëîäíÿêà
â ãðóïïàõ-àíàëîãàõ. Äëÿ îöåíêè îòäàëåííûõ ïîñëåäñòâèé âîç-
äåéñòâèÿ ðåíòãåíîâñêîãî è ëàçåðíîãî èçëó÷åíèé îöåíèâàëè
óðîâåíü ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ, àêòèâíîñòü ôåðìåí-
òîâ-àíòèîêñèäàíòîâ, ñîäåðæàíèå îêèñëåííîé ôîðìû öèòîõðî-
ìà Ð-450 â ïå÷åíè ïòèöû, ïîëó÷åííîé èç ñîîòâåòñòâóþùèõ ýì-
áðèîíîâ.

Ðåçóëüòàòû: Óñòàíîâëåíî âîçðàñòàíèå â 4,5�6 ðàç ðàííåé
ýìáðèîíàëüíîé ñìåðòíîñòè è óìåíüøåíèå â 2�3,1 ðàçà âûâîäà
ìîëîäíÿêà ïîñëå ðåíòãåíîâñêîãî îáëó÷åíèÿ ýìáðèîíîâ ïî ñðàâ-
íåíèþ ñ êîíòðîëåì. Îáëó÷åíèå ðàäèàöèîííî ïîðàæåííûõ ýìá-
ðèîíîâ êðàñíûì ëàçåðíûì ñâåòîì ïðèâåëî ê óâåëè÷åíèþ â 1,5�
1,7 ðàçà (ð<0,05) âûæèâàåìîñòè ýìáðèîíîâ íà ðàííèõ ñòàäèÿõ
èíêóáàöèè è óâåëè÷åíèþ â 1,6 ðàçà, ïî ñðàâíåíèþ ñ ãðóïïàìè-
àíàëîãàìè, îáðàáîòàííûìè òîëüêî ðåíòãåíîâñêèì èçëó÷åíèåì,
âûâîäà ìîëîäíÿêà. Ó âçðîñëîé ïòèöû, ïîëó÷åííîé èç ýìáðèî-
íîâ, îáðàáîòàííûõ ðåíòãåíîâñêèì è êîìáèíèðîâàííûì èçëó÷å-
íèåì, óñòàíîâëåíî äîñòîâåðíîå ïîâûøåíèå óðîâíÿ ïåðåêèñåé
ëèïèäîâ â ïå÷åíè ïî ñðàâíåíèþ ñ êîíòðîëåì. Ïðè ýòîì îòìå÷å-
íî äîñòîâåðíîå ïîâûøåíèå óðîâíÿ àêòèâíîñòè êàòàëàçû è ñîäåð-
æàíèÿ îêèñëåííîé ôîðìû öèòîõðîìà Ð-450 â ïå÷åíè ïòèöû,
ïîëó÷åííîé èç ýìáðèîíîâ, îáðàáîòàííûõ êðàñíûì ëàçåðíûì
ñâåòîì ïîñëå ðåíòãåíîâñêîãî âîçäåéñòâèÿ, ïî ñðàâíåíèþ ñ ïîëó-
÷åííîé èç ýìáðèîíîâ, îáðàáîòàííûõ òîëüêî ðåíòãåíîâñêèì èç-
ëó÷åíèåì.

Âûâîäû: Íèçêîèíòåíñèâíîå ëàçåðíîå èçëó÷åíèå êðàñíîãî
äèàïàçîíà ñïîñîáíî îêàçûâàòü ðàäèîçàùèòíûé ýôôåêò íà ïðåä-
âàðèòåëüíî îáðàáîòàííûå ðåíòãåíîâñêèì èçëó÷åíèåì ýìáðèî-
íû ïåðåïåëà ÿïîíñêîãî, äîñòîâåðíî ñíèæàÿ â 1,5�1,7 ðàçà
(ð<0,05) ðàííþþ ýìáðèîíàëüíóþ ñìåðòíîñòü è ïîâûøàÿ â 1,6
ðàçà (ð<0,05) âûâîä ìîëîäíÿêà. Âîçäåéñòâèå êðàñíîãî ëàçåðíî-
ãî ñâåòà íà ðàäèàöèîííî ïîðàæåííûå ýìáðèîíû âûçûâàåò äîñ-
òîâåðíîå ïîâûøåíèå àêòèâíîñòè êàòàëàçû è ñîäåðæàíèÿ îêèñ-
ëåííîé ôîðìû öèòîõðîìà Ð-450 â ïå÷åíè âçðîñëîé ïòèöû.

Êëþ÷åâûå ñëîâà: íèçêîèíòåíñèâíîå ëàçåðíîå èçëó÷åíèå,
ðåíòãåíîâñêîå èçëó÷åíèå, ýìáðèîíû ïåðåïåëà ÿïîíñêîãî, ðà-
äèîçàùèòíîå äåéñòâèå, êàòàëàçà, öèòîõðîì Ð-450.
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òêàíèíàõ ï³ñëÿ êóðñó ëàçåðíîãî îïðîì³-
íþâàííÿ âèÿâëåíî ñòèìóëÿö³þ âíóòð³êë³-
òèííî¿ ðåãåíåðàö³¿ ÷àñòêîâî óðàæåíèõ
îðãàíåë òà õðîìàòèíó êë³òèííèõ ÿäåð [3].
Ä³ÿ ÷åðâîíîãî ëàçåðíîãî ñâ³òëà ç ãóñòèíîþ
åíåðã³¿ 20 Äæ/ñì2 íà êóëüòóðó êë³òèí ï³ñëÿ
íåéòðîííîãî îïðîì³íåííÿ ó äîç³ 100 Ð ïðè-
âîäèëà äî çíèæåííÿ ê³ëüêîñò³ õðîìîñîì-
íèõ àáåðàö³é ç 8,3±0,5 äî 2,1±0,3%, òîáòî
äî ïîâíîãî óñóíåííÿ ìóòàãåííî¿ ä³¿ ³îí³çó-
âàëüíîãî âèïðîì³íåííÿ [4].

Êð³ì òîãî, ñë³ä çàçíà÷èòè, ùî çäîáóòêîì
îñòàíí³õ ðîê³â ñòàâ çíà÷íèé ïðîãðåñ ó ðî-
çóì³íí³ êëþ÷îâèõ ìåõàí³çì³â á³îëîã³÷íî¿
åôåêòèâíîñò³ ÷åðâîíîãî ëàçåðíîãî ñâ³òëà.
Òàê, äîâåäåíî ôîòîðåàêòèâóþ÷ó ä³þ öüî-
ãî ôàêòîðà íà êëþ÷îâ³ ôåðìåíòè àíòèîê-
ñèäàíòíîãî çàõèñòó [5, 6] òà ìîæëèâ³ñòü
éîãî ðåãóëÿòîðíîãî âïëèâó íà ³íòåíñèâ-
í³ñòü îêèñíèõ ³ ïåðåêèñíèõ ïðîöåñ³â â
îðãàí³çì³ [7, 8].

Çâàæàþ÷è íà âèÿâëåí³ âëàñòèâîñò³ íèçü-
êî³íòåíñèâíîãî ëàçåðíîãî ñâ³òëà, çà ìåòó
ðîáîòè ìè îáðàëè îö³íêó çàõèñíèõ ìîæëè-
âîñòåé îñòàííüîãî ïðè ä³¿ íà åìáð³îíè
ðàíí³õ ñòàä³é ðîçâèòêó, óðàæåí³ ³îí³çó-
âàëüíèì âèïðîì³íåííÿì ó çíà÷íèõ äîçàõ.

Ìåòîäèêà äîñë³äæåííÿ

Ðîáîòó âèêîíàíî íà åìáð³îíàõ ïåðåïåëà ÿïîíñüêîãî
(Coturnix coturnix japonica). Äëÿ ìîäåëþâàííÿ ïðîìå-
íåâîãî óðàæåííÿ âèêîðèñòàíî ðåíòãåí³âñüêå âèïðîì³-
íåííÿ â³ä òåðàïåâòè÷íîãî àïàðàòà ÐÓÌ-17. Äæåðåëîì
ëàçåðíîãî ñâ³òëà áóëè ãåë³é-íåîíîâ³ ëàçåðè ËÃÍ-111,
ùî âèïðîì³íþþòü õâèë³ ç äîâæèíîþ 633 íì ç ïîòóæ-
í³ñòþ ïðîìåíÿ 25 ìÂò.

 Ó ñâ³æîìó ³íêóáàö³éíîìó ÿéö³ ïòèö³ åìáð³îíè ïåðå-
áóâàþòü íà ñòàä³¿ ðàííüî¿ ãàñòðóëè. Äëÿ ïåðøîãî äî-
ñë³äó áóëî ñôîðìîâàíî 3 ãðóïè-àíàëîãè ñâ³æèõ ³íêóáà-
ö³éíèõ ÿºöü. Åìáð³îíè 1-¿ ãðóïè çà äîáó äî ³íêóáàö³¿
ï³ääàâàëè ä³¿ ðåíòãåí³âñüêîãî âèïðîì³íåííÿ ó äîç³
8,55 Ãð. Äëÿ öüîãî âèêîðèñòîâóâàëè àïàðàò ÐÓÌ-17 ó
ðåæèì³: U=200 êÂ, ²=15 ìÀ, ÂÄÏ=40 ñì, ô³ëüòð � Ñu
1 ìì, ÷àñ îïðîì³íåííÿ � 10 õâ. Ó òàêîìó æ ðåæèì³
îïðîì³íþâàëè 2-ãó ãðóïó åìáð³îí³â, òà, êð³ì òîãî, �
äâ³÷³ � ÷åðåç 1�2 õâ ³ 2 ãîä ï³ñëÿ öüîãî îáðîáëÿëè
ñâ³òëîì ãåë³é-íåîíîâîãî ëàçåðà ó ñóìàðí³é äîç³ ïîðÿä-
êó 40 ìÄæ íà ÿéöå. Îïðîì³íþâàííÿ ëàçåðíèì ñâ³òëîì
òà çáåð³ãàííÿ ÿºöü äî ³íêóáàö³¿ ïðîâîäèëè ó çàòåìíåíî-
ìó ïðèì³ùåíí³ (ôîíîâå îñâ³òëåííÿ íå á³ëüøå 3 ëþêñ).
Ä³¿ ðåíòãåí³âñüêîãî òà ëàçåðíîãî âèïðîì³íåíü íå ï³ääà-
âàëè 3-òþ ãðóïó åìáð³îí³â (êîíòðîëüíó).

Ó äðóãîìó äîñë³ä³ 1-øó ãðóïó åìáð³îí³â (³íêóáàö³éíèõ
ÿºöü) çà äîáó äî ³íêóáàö³¿ ï³ääàâàëè ä³¿ ðåíòãåí³âñüêî-
ãî âèïðîì³íåííÿ ó äîç³ 8,0 Ãð, 2-ãó � îáðîáëÿëè ðåíò-
ãåí³âñüêèì âèïðîì³íåííÿì ó òàêîìó æ ðåæèì³ òà, êð³ì
òîãî, � òðè÷³ � ÷åðåç 1�2 õâ, 2 ³ 12 ãîä ï³ñëÿ öüîãî �
ñâ³òëîì ëàçåðà ó ñóìàðí³é äîç³ 90 ìÄæ íà ÿéöå. Åìáð³-
îíè 3-¿ ãðóïè (êîíòðîëüíî¿) íå îïðîì³íþâàëè.

Óñ³ ãðóïè ÿºöü ³íêóáóâàëè ó ñòàíäàðòíîìó ðåæèì³,
çä³éñíþþ÷è ïðè öüîìó á³îëîã³÷íèé êîíòðîëü ðîçâèòêó
åìáð³îí³â. Âèâåäåíèé ìîëîäíÿê îö³íþâàëè çà åêñ-

òåð�ºðíèìè îçíàêàìè. Ó ïòèö³, âèðîùåíî¿ ç îïðîì³íå-
íèõ åìáð³îí³â, îö³íþâàëè ñòàí àíòèîêñèäàíòíî¿ ñèñòå-
ìè çà ð³âíåì ÒÁÊ-ðåàãóþ÷èõ ïåðåêèñíèõ ñïîëóê [9] òà
àêòèâí³ñòþ êàòàëàçè [10] ó òêàíèíàõ ïå÷³íêè. Ìåòîäîì
åëåêòðîííîãî ïàðàìàãí³òíîãî ðåçîíàíñó [11] çà âì³ñòîì
îêèñíåíî¿ ôîðìè ôåðìåíòó îö³íþâàëè ôóíêö³îíàëüíèé
ñòàí ñèñòåìè öèòîõðîìó Ð-450 ó ïå÷³íö³. Ð³âåíü ãåìî-
ãëîá³íó êðîâ³ âèçíà÷àëè ãåìîãëîá³íö³àí³äíèì ìåòîäîì,
ê³ëüê³ñòü åðèòðîöèò³â êðîâ³ � ï³äðàõóíêîì ó êàìåð³
Ãîðÿºâà. Çàë³çîçâ�ÿçóâàëüíó çäàòí³ñòü (ÇÇÇ) ñèðîâàòêè
êðîâ³ âèçíà÷àëè çà äîïîìîãîþ òåñò-íàáîð³â ô³ðìè
«Àãàò» (Ðîñ³ÿ).

Â³ðîã³äí³ñòü ð³çíèöü ì³æ ãðóïàìè îö³íþâàëè çà êðè-
òåð³ÿìè Ô³øåðà òà Ñòüþäåíòà.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

 Àíàë³ç ðåçóëüòàò³â ³íêóáàö³¿ ïåðøîãî
äîñë³äó (òàáë. 1) ñâ³ä÷èòü ïðî çðîñòàííÿ ó
4,5 ðàçó (ð<0,001) åìáð³îíàëüíî¿ ñìåðò-
íîñò³ ïðîòÿãîì ïåðøèõ ä³á ³íêóáàö³¿ ó 1-é
äîñë³äí³é ãðóï³ òà çíèæåííÿ ó 3,1 ðàçó
(p<0,001) âèâåäåííÿ ìîëîäíÿêó ïîð³âíÿ-
íî ç 3-þ (êîíòðîëüíîþ) ãðóïîþ.

Òàáëèöÿ 1 � Âïëèâ ðåíòãåí³âñüêîãî (8,55 Ãð) òà
ëàçåðíîãî (40 ìÄæ) îïðîì³íþâàííÿ ïåðåïåëèíèõ

åìáð³îí³â íà ¿õ ñìåðòí³ñòü
Influence of x-ray (8.55 Gy) and laser (40 mJ)
irradiation of quail embryos on their mortality

Ïðèì³òêà: * � ð < 0,05 ïîð³âíÿíî ç 1-þ ãðóïîþ; ** � ð<0,01
ïîð³âíÿíî ç 3-þ ãðóïîþ;  *** � ð< 0,001 ïîð³âíÿíî ç
3-þ ãðóïîþ.

Òàê, ðàííÿ åìáð³îíàëüíà ñìåðòí³ñòü ó
1-é ãðóï³ ñòàíîâèëà 56,0%, âèâåäåííÿ ìî-
ëîäíÿêó � 22,0%. Ó 3-é (êîíòðîëüí³é)
ãðóï³ ö³ ïîêàçíèêè áóëè â³äïîâ³äíî 12,5 òà
68,8%. Ó 2-é ãðóï³ åìáð³îí³â, îáðîáëåíèõ
êð³ì ðåíòãåí³âñüêîãî âèïðîì³íåííÿ ÷åðâî-
íèì ëàçåðíèì ñâ³òëîì, ðàííÿ åìáð³îíàëü-
íà ñìåðòí³ñòü ñòàíîâèëà 33,3%, òîáòî
çìåíøèëàñü ó 1,7 ðàçó (ð<0,05) ïîð³âíÿíî
ç 2-þ ãðóïîþ åìáð³îí³â, îáðîáëåíèõ ò³ëüêè
ðåíòãåí³âñüêèì âèïðîì³íåííÿì. Âèâî-
äèì³ñòü ìîëîäíÿêó â ö³é ãðóï³ ó 1,6 ðàçó
ïåðåâèùèëà äàíèé ïîêàçíèê ó 1-é ãðóï³ ³
äîð³âíþâàëà 35,6%. Òàêèì ÷èíîì, ÷åðâî-
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íå ëàçåðíå ñâ³òëî â îïðàöüîâàíîìó ðåæèì³
÷èíèëî â³ðîã³äíèé ðàä³îçàõèñíèé åôåêò
íà ïðîìåíåâî óðàæåí³ åìáð³îíè ïòèö³.

Ðåçóëüòàòè ³íêóáàö³¿ äðóãîãî äîñë³äó
(òàáë. 2) òàêîæ ñâ³ä÷àòü ïðî òå, ùî îïðî-
ì³íþâàííÿ ÷åðâîíèì ëàçåðíèì ñâ³òëîì
çá³ëüøèëî âèæèâàí³ñòü åìáð³îí³â íà ðàí-
í³õ ñòàä³ÿõ åìáð³îãåíåçó ìàéæå â 1,5 ðàçó
òà âèâåäåííÿ ìîëîäíÿêó � ó 1,6 ðàçó íà
ôîí³ çíà÷íîãî ðàä³àö³éíîãî óðàæåííÿ åì-
áð³îí³â (ïîð³âíÿíî ç 1-þ ãðóïîþ). Â îáîõ
âèïàäêàõ ð³çíèöÿ ñòàòèñòè÷íî â³ðîã³äíà
(ð<0,05) .

Òàáëèöÿ 2 � Âïëèâ ðåíòãåí³âñüêîãî (8,0 Ãð) òà
ëàçåðíîãî (90 ìÄæ) îïðîì³íþâàííÿ ïåðåïåëèíèõ

åìáð³îí³â íà ¿õ ñìåðòí³ñòü
Influence of x-ray (8.0 Gy) and laser (90 mJ)
irradiation of quail embryos on their mortality

Ïðèì³òêà: * � ð < 0,05 ïîð³âíÿíî ç 1-þ ãðóïîþ; ** � ð<0,01
ïîð³âíÿíî ç 3-þ ãðóïîþ;  *** � ð< 0,001 ïîð³âíÿíî ç
3-þ ãðóïîþ.

Àíàë³ç â³ääàëåíèõ íàñë³äê³â ä³¿ ðåíòãå-
í³âñüêîãî òà ëàçåðíîãî âèïðîì³íåíü íà åì-
áð³îíè âèÿâèâ, ùî íå ñïîñòåð³ãàëîñÿ ³ñòîò-
íî¿ ð³çíèö³ â åêñòåð�ºðíèõ îçíàêàõ òà òåì-

ïàõ ðîçâèòêó ïòèö³, âèâåäåíî¿ ç ³íêóáàö³é-
íèõ ÿºöü óñ³õ òðüîõ ãðóï.

Íå âèÿâëåíî â³ðîã³äíèõ â³äì³ííîñòåé ó
ê³ëüêîñò³ åðèòðîöèò³â òà ð³âí³ ãåìîãëîá³-
íó êðîâ³ ó äîðîñëî¿ (òðèì³ñÿ÷íî¿) ïòèö³
òðüîõ ãðóï 1-ãî äîñë³äó (òàáë. 3), õî÷ ó
ïòèö³ 2-¿ ãðóïè ö³ ïîêàçíèêè áóëè áëèæ÷³
äî êîíòðîëüíèõ ³ íà 5,0�5,7% ïåðåâèùó-
âàëè òàê³ 1-¿ ãðóïè. Êð³ì òîãî, ó ïòèö³ 1-¿
ãðóïè çàô³êñîâàíî çá³ëüøåííÿ çàë³çîçâ�ÿ-
çóâàëüíî¿ çäàòíîñò³ ñèðîâàòêè êðîâ³ íà
20% ïîð³âíÿíî ç êîíòðîëåì, ùî ñâ³ä÷èòü
ïðî â³äïîâ³äíå çíèæåííÿ íàñè÷åíîñò³
òðàíñôåðèíó ïëàçìè çàë³çîì. Ó ïòèö³ 2-¿
ãðóïè öåé ïîêàçíèê áóâ íà ð³âí³ êîíòðî-
ëþ. Òîáòî, ÷åðâîíå ëàçåðíå ñâ³òëî ìîäèô³-
êóâàëî ä³þ ðåíòãåí³âñüêîãî îïðîì³íåííÿ,
ïîâåðòàþ÷è äàíèé ïîêàçíèê äî íîðìè.
Â³äîìî, ùî òðàíñôåðèí, â³ëüíèé â³ä çàë³-
çà (àïîòðàíñôåðèí), ïðîÿâëÿº àíòèîêñè-
äàíòí³ âëàñòèâîñò³ ³ îçíà÷åí³ çì³íè ìî-
æóòü áóòè ïðè÷åòí³ äî ðåàêö³¿ àíòèîêñè-
äàíòíî¿ ñèñòåìè (ÀÎÑ) ïëàçìè êðîâ³ íà ä³þ
äàíèõ ôàêòîð³â.

Àíàë³ç ³íøèõ ïîêàçíèê³â ñòàíó ÀÎÑ
ïòèö³ äîñë³äíèõ ãðóï òàêîæ âèÿâèâ ïåâí³
â³äì³ííîñò³ â³ä êîíòðîëþ. Òàê, ó ïòèö³ 1-¿
òà 2-¿ ãðóï âèÿâëåíî â³ðîã³äíå çá³ëüøåííÿ
ð³âíÿ ÒÁÊ-ðåàãóþ÷èõ ïåðåêèñíèõ ë³ï³ä-
íèõ ñïîëóê ó ïå÷³íö³, ïîð³âíÿíî ç êîíòðî-
ëåì, ÿêå ñòàíîâèëî 56,4% (ð<0,05) òà
66,1% (p<0,01) â³äïîâ³äíî.

Ïðè öüîìó ó ïòèö³ 1-¿ ãðóïè àêòèâí³ñòü
êàòàëàçè ó ïå÷³íö³ áóëà íà 18% íèæ÷îþ,
í³æ ó êîíòðîë³, à ó ïòèö³ 2-¿ � íà 11% ïå-
ðåâèùóâàëà êîíòðîëüíèé ïîêàçíèê. Ð³ç-
íèöÿ ì³æ äîñë³äíèìè ãðóïàìè çà öèì ïî-
êàçíèêîì ñòàíîâèëà 34% (ð<0,01). Êàòà-

Ïðèì³òêà: * � ð<0,05 ïîð³âíÿíî ç êîíòðîëåì; ** � ð<0,01 ïîð³âíÿíî ç êîíòðîëåì; *** � ð<0,001 ïîð³âíÿíî ç êîíòðîëåì;
±ð<0,01 ïîð³âíÿíî ç 1-þ ãðóïîþ.

Òàáëèöÿ 3 � Âïëèâ ðåíòãåí³âñüêîãî (8,55 Ãð) òà ëàçåðíîãî (40 ìÄæ) îïðîì³íþâàííÿ ïåðåïåëèíèõ åìáð³îí³â
íà ïîêàçíèêè ìåòàáîë³çìó òðèì³ñÿ÷íî¿ ïòèö³ (Ì±m, n=7)

Influence of x-ray (8.55 Gy) and laser (40 mJ) irradiation of quail embryos on metabolism
indices in 3-month birds (M±m, n=7)
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ëàçà º ôåðìåíòîì, ùî çàõèùàº êë³òèíè â³ä
ïðîîêñèäàíòíî¿ ä³¿ ïåðåêèñó âîäíþ. Òîìó
çíèæåííÿ àêòèâíîñò³ êàòàëàçè â ïå÷³íö³
ïòèö³ 1-¿ ãðóïè íà ôîí³ ï³äâèùåííÿ ð³âíÿ
ïåðåêèñíèõ ë³ï³äíèõ ñïîëóê ìîæíà ðîçö³-
íþâàòè ÿê ïåâíå ïðèãí³÷åííÿ ñòàíó ÀÎÑ.
Ó 2-é ãðóï³, äå ðåíòãåí³âñüêå îïðîì³íþ-
âàííÿ ÿºöü êîìá³íóâàëè ³ç ëàçåðíèì, íà
ôîí³ ï³äâèùåííÿ âì³ñòó ó ïå÷³íö³ ïåðå-
êèñíèõ ë³ï³äíèõ ñïîëóê ñïîñòåð³ãàºòüñÿ
êîìïåíñàòîðíå ï³äâèùåííÿ ôåðìåíòàòèâ-
íî¿ àêòèâíîñò³ êàòàëàçè, ùî ìîæå ñâ³ä÷è-
òè ïðî á³ëüøó ñò³éê³ñòü àíòèîêñèäàíòíî¿
ñèñòåìè ó ïòèö³ äàíî¿ ãðóïè.

Àíàë³ç âì³ñòó îêèñíåíî¿ (êàòàë³òè÷íî
àêòèâíî¿) ôîðìè öèòîõðîìó Ð-450 ó ïå-
÷³íö³ âèÿâèâ éîãî íàéâèùèé ð³âåíü ó ïòè-
ö³ 2-¿ ãðóïè. Ð³çíèöÿ ç êîíòðîëåì öèõ
ï³ääîñë³äíèõ çà âì³ñòîì öèòîõðîìó Ð-450
ñòàíîâèëà 46% (ð<0,001) òà ç ïòèöåþ 1-¿
ãðóïè � 28%. Öèòîõðîì Ð-450 º êëþ÷î-
âèì ôåðìåíòîì îäí³º¿ ç íàéàêòèâí³øèõ
ã³äðîïåðîêñèäàçíèõ ñèñòåì, ëîêàë³çîâà-
íèõ ó ìåìáðàíàõ åíäîïëàçìàòè÷íîãî ðåòè-
êóëóìó ãåïàòîöèò³â ³ ïîðÿä ç ôåðìåíòàìè
àíòèîêñèäàíòíî¿ ñèñòåìè êîíòðîëþº ð³-
âåíü ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ
ë³ï³ä³â ó îðãàí³çì³, à òàêîæ â³ä³ãðàº âàæ-
ëèâó ðîëü ó ðåàêö³ÿõ äåòîêñèêàö³¿.
Çðîñòàííÿ öüîãî ïîêàçíèêà ó ô³ç³îëîã³÷-
íèõ ìåæàõ ìîæíà, î÷åâèäíî, ðîçö³íþâà-
òè ÿê ïðîÿâ ïîçèòèâíîãî âïëèâó ÷åðâîíîãî
ëàçåðíîãî ñâ³òëà íà ñòàí äåòîêñèêóâàëüíî¿
ñèñòåìè ïå÷³íêè ïòèö³.

Âèñíîâêè

1. ×åðâîíå ëàçåðíå ñâ³òëî ó äîçàõ 40�
90 ìÄæ â³ðîã³äíî çàïîá³ãàº çðîñòàííþ
ðàííüî¿ åìáð³îíàëüíî¿ ñìåðòíîñò³ ïåðåïå-
ëà ÿïîíñüêîãî ï³ñëÿ ä³¿ íà éîãî åìáð³îíè
ðåíòãåí³âñüêîãî âèïðîì³íåííÿ ó äîçàõ
8,0�8,55 Ãð òà ñïðèÿº çá³ëüøåííþ â 1,6
ðàçó âèæèâàíîñò³ ìîëîäíÿêó.

2. Ó ïå÷³íö³ òðèì³ñÿ÷íî¿ ïòèö³, îòðèìà-
íî¿ ç åìáð³îí³â, îáðîáëåíèõ ðåíòãåí³âñü-
êèì òà êîìá³íîâàíèì (ðåíòãåí³âñüêèì ³
ëàçåðíèì) âèïðîì³íåííÿì, â³ðîã³äíî
çá³ëüøóºòüñÿ ð³âåíü ïåðåêèñíèõ ë³ï³äíèõ
ñïîëóê íà 56,4% òà 66,1% â³äïîâ³äíî,
ïîð³âíÿíî ç êîíòðîëåì.

 3. Ó ïå÷³íö³ òðèì³ñÿ÷íî¿ ïòèö³, îòðèìà-
íî¿ ç îáðîáëåíèõ êîìá³íîâàíèì (ðåíò-
ãåí³âñüêèì òà ëàçåðíèì) âèïðîì³íåííÿì

åìáð³îí³â, çðîñòàþòü àêòèâí³ñòü êàòàëàçè
(íà 34%) òà ð³âåíü îêèñíåíî¿ ôîðìè öèòî-
õðîìó Ð-450 (íà 28%), ïîð³âíÿíî ç ïòè-
öåþ, îòðèìàíîþ ç åìáð³îí³â, ï³ääàíèõ ä³¿
ò³ëüêè ðåíòãåí³âñüêîãî âèïðîì³íåííÿ.

Ë³òåðàòóðà
1. Âîñêàíÿí Ê.Ø., Àðçóìàíÿí Ã.Ì. // Ðàäèàö. áèîë.

Ðàäèîýêîë. � 1996. � Ò. 36, âûï. 5. � Ñ. 731�733.
2. Ëàïðóí È.Á. // Ðàäèîáèîë. � 1978. � Ò. 18, âûï. 4. �

Ñ. 628�630.
3. Ñàìîéëîâ Í.Ã. // Ôîòîáèîë. è ôîòîìåä. � 1998. �

¹ 1. � Ñ. 89�95.
4. Ñòåïàíîâ Á.È., Ìîñòîâíèêîâ Â.À., Ðóáèíîâ À.Í.,

Õîõëîâ È.Â. Ðåãóëèðîâàíèå ôóíêöèîíàëüíîé àê-
òèâíîñòè êëåòîê ÷åëîâåêà ñ ïîìîùüþ ëàçåðíîãî
èçëó÷åíèÿ // Äîêë. ÀÍ ÑÑÑÐ. � 1977. � Ò. 236,
¹ 4. � Ñ. 1007�1010.

5. Ãîðáàòåíêîâà Å.À., Âëàäèìèðîâ Þ.À., Ïàðàìîíîâ Í.Â.
è äð. // Áþë. ýêñïåðèì. áèîë. è ìåä. � 1989. � ¹ 3. �
Ñ. 302�305.

6. Àëåêñàíäðîâà Ë.À., Áàñåëàäçå Ë.È., Øàáóíåâè÷ Ë.Â.
Ôîòîàêòèâèðóþùåå äåéñòâèå èçëó÷åíèÿ He-Ne ëà-
çåðà íà öåðóëîïëàçìèí ÷åëîâåêà: Òåç. äîêë. Âñåñîþçí.
íàó÷.-ïðàêò. êîíô. «Äåéñòâèå íèçêîýíåðãåòè÷åñêîãî
ëàçåðíîãî èçëó÷åíèÿ íà êðîâü» . � Ê., 1989. � Ñ. 3�4.

7. Karu T.I. // Laser in Life Sciences. � 1988. � Vol. 2,
¹ 1. � P. 53�74.

8. Äîðîâñêèõ Â.À., Áîðîäèí Å.À., Áîðîäèíà Ã.Ï. è äð.
// Ëàçåðíàÿ ìåä. � 1998. � Ò. 2, âûï. 2�3. � Ñ. 16�20.

9. Àíäðååâà Ë.È., Êîæåìÿêèí Ë.À., Êèøêóí À.À. // Ëàá.
äåëî. � 1988. � ¹ 11. � Ñ. 41�43.

10. Áàðàáîé Â.À., Îðåë Â.Ý., Êàðíàóõ È.Ì. Ïåðåêèñíîå
îêèñëåíèå è ðàäèàöèÿ. � Ê.: Íàóê. äóìêà, 1991. �
256 ñ.

11. Àæèïà ß.È. Ìåäèêî-áèîëîãè÷åñêèå àñïåêòû ïðè-
ìåíåíèÿ ìåòîäà ýëåêòðîííîãî ïàðàìàãíèòíîãî
ðåçîíàíñà. � Ì., 1983. � 527 ñ.

Äàòà íàäõîäæåííÿ: 30.05.2000.

Àäðåñà äëÿ ëèñòóâàííÿ:
ßêèìåíêî ²ãîð Ëåîí³äîâè÷,
âóë. Àê. Âóëà, 6, êâ. 40, Á³ëà Öåðêâà, 09100, Óêðà¿íà


