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ÙÓÐ²Â ÇÀ ÓÌÎÂ Ã²ÏÎÊÑÈ×ÍÎ¯ Ã²ÏÎÊÑ²¯

Äîñë³äæåíî âïëèâ ã³ïîêñè÷íî¿ ã³ïîêñ³¿ íà âì³ñò ïðîäóêò³â ïåðåêèñíîãî
îêèñíåííÿ ë³ï³ä³â (ÏÎË) ³ àêòèâí³ñòü ñóïåðîêñèääèñìóòàçè, êàòàëàçè, öåðó-
ëîïëàçì³íó òà ãëþêîçî-6-ôîñôàòäåã³äðîãåíàçè â êðîâ³ òà îðãàíàõ ùóð³â.
Âñòàíîâëåíî, ùî ïðè ã³ïîêñ³¿ â³äáóâàºòüñÿ àêòèâàö³ÿ ÏÎË â ïëàçì³ êðîâ³,
åðèòðîöèòàõ, ãîëîâíîìó ìîçêó, ñåðö³ òà ïå÷³íö³ ùóð³â. Â åðèòðîöèòàõ ùóð³â
ñïîñòåð³ãàºòüñÿ çíèæåííÿ àêòèâíîñò³ ñóïåðîêñèääèñìóòàçè òà ïîñèëåííÿ
àêòèâíîñò³ ãëþêîçî-6-ôîñôàòäåã³äðîãåíàçè.
Êëþ÷îâ³ ñëîâà: ã³ïîêñ³ÿ, ïåðåêèñíå îêèñëåííÿ ë³ï³ä³â.

Ã³ïîêñ³ÿ º ïàòîô³ç³îëîã³÷íîþ îñíîâîþ äëÿ ðîçâèòêó áàãàòüîõ ïàòî-
ëîã³÷íèõ ñòàí³â ³ çàõâîðþâàíü ëþäèíè [1�3]. Â³äîìî, ùî çà óìîâ ã³-
ïîêñ³¿ ñïîñòåð³ãàºòüñÿ àêòèâàö³ÿ ïðîöåñ³â â³ëüíîðàäèêàëüíîãî òà ïåðå-
êèñíîãî îêèñíåííÿ [4]. Â³ëüí³ ðàäèêàëè, ùî ïðè öüîìó óòâîðþþòüñÿ,
ìîæóòü ïîøêîäæóâàòè êë³òèíí³ ìåìáðàíè [5]. Îñíîâíèìè ôåðìåíòàìè
àíòèîêñèäàíòíîãî çàõèñòó º ñóïåðîêñèääèñìóòàçà (ÑÎÄ), êàòàëàçà òà
öåðóëîïëàçì³í, ÿê³ çíåøêîäæóþòü ñóïåðîêñèäí³ ðàäèêàëè [6]. Êð³ì
öüîãî, öåðóëîïëàçì³í ñïðèÿº îêèñíåííþ ³îí³â çàë³çà áåç óòâîðåííÿ
ñóïåðîêñèäíèõ ðàäèêàë³â òà çâ'ÿçóº ³îíè ì³ä³, çàïîá³ãàþ÷è óøêîäæåí-
íþ êë³òèíè çà îêñèäàíòíî¿ ä³¿ [7]. Ó çâ'ÿçêó ç öèì ìåòîþ äàíî¿
ðîáîòè áóëî äîñë³äèòè ð³âåíü ÏÎË â êðîâ³ òà îðãàíàõ ùóð³â, à òàêîæ
ñòàí êëþ÷îâèõ ôåðìåíò³â àíòèîêñèäàíòíî¿ ñèñòåìè â åðèòðîöèòàõ
ùóð³â çà óìîâ ã³ïîêñè÷íî¿ ã³ïîêñ³¿.

Ìàòåð³àëè òà ìåòîäè

Äîñë³äè áóëî ïðîâåäåíî íà 15 ùóðàõ ë³í³¿ Â³ñòàð, ùî óòðèìóâàëèñÿ
â ñòàíäàðòíèõ óìîâàõ â³âàð³þ. Äëÿ ñòâîðåííÿ óìîâ ã³ïîêñè÷íî¿ ã³ïî-
êñ³¿ ùóð³â íà 1 ãîäèíó ïîì³ùàëè â êàìåðó, çâ³äêè áóëî âèêà÷àíå
ïîâ³òðÿ äî ð³âíÿ ïàðö³àëüíîãî òèñêó 217 ìì ðò. ñò. Êîíòðîëüíó ãðó-
ïó ñêëàäàëè 10 ³íòàêòíèõ òâàðèí.

Ìàòåð³àëîì äîñë³äæåíü áóëè ïëàçìà êðîâ³, ãåìîë³çàò åðèòðîöèò³â òà
ãîìîãåíàòè ãîëîâíîãî ìîçêó, ñåðöÿ òà ïå÷³íêè ùóð³â. Êðîâ ùóð³â, ñòàá³-
ë³çîâàíó öèòðàòîì íàòð³þ ó ñï³ââ³äíîøåíí³ 1:9, öåíòðèôóãóâàëè 15
õâèëèí çà óìîâ  1200 g òà â³äáèðàëè ïëàçìó. Îñàä åðèòðîöèò³â òðè÷³
ïðîìèâàëè ô³ç³îëîã³÷íèì ðîç÷èíîì (ðÍ 7,4) ³ êîæåí ðàç öåíòðèôóãóâà-
ëè 10 õâèëèí ïðè 1200 g. Äëÿ îòðèìàííÿ ãåìîë³çàòó åðèòðîöèòè îáðî-
áëÿëè 0,001 Ì ðîç÷èíîì ã³ñòèäèíó (ðÍ 7,4) ïðîòÿãîì îäí³º¿ ãîäèíè.
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²íòåíñèâí³ñòü ïðîöåñ³â ÏÎË âèçíà÷àëè çà âì³ñòîì ïåðâèííèõ òà
âòîðèííèõ ïðîäóêò³â öüîãî îêèñíåííÿ � ä³ºíîâèõ êîí'þãàò³â (ÄÊ) òà
ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) [8, 9]. Àêòèâí³ñòü êàòàëàçè âèçíà÷àëè
çà êîëüîðîâîþ ðåàêö³ºþ ç ìîë³áäàòîì, âèêîðèñòîâóþ÷è çà ñóáñòðàò
Í2Î2 [10], àêòèâí³ñòü ÑÎÄ � çà ³íã³áóâàííÿì â³äíîâëåííÿ í³òðîñèíüî-
ãî òåòðàçîë³þ [11], îêñèäàçíó àêòèâí³ñòü öåðóëîïëàçì³íó � çà ðåàêö³-
ºþ ç ð-ôåí³ëåíä³àì³íîì [12], àêòèâí³ñòü ãëþêîçî-6-ôîñôàòäåã³äðîãåíà-
çè (Ã6ÔÄÃ) � çà óòâîðåííÿì ÍÀÄÔÍ [13]. Á³ëîê âèçíà÷àëè çà ìå-
òîäîì Ëîóð³ [14]. Ðåçóëüòàòè îáðîáëåíî ñòàòèñòè÷íî ç âèêîðèñòàííÿì
t-êðèòåð³þ Ñòüþäåíòà [15].

Ðåçóëüòàòè äîñë³äæåíü

Ðåçóëüòàòè âèçíà÷åííÿ âì³ñòó ïðîäóêò³â ÏÎË â êðîâ³ òà îðãàíàõ
ùóð³â íàâåäåíî â òàáëèö³ 1, ç ÿêî¿ âèäíî, ùî ð³âåíü ïåðâèííèõ ìîëå-
êóëÿðíèõ ïðîäóêò³â ÏÎË � ä³ºíîâèõ êîí'þãàò³â � çà óìîâ ã³ïîêñ³¿
çðîñòàâ â óñ³õ äîñë³äæóâàíèõ òêàíèíàõ: íà 124,4% � â ïëàçì³ êðîâ³,
íà 70,7% � â åðèòðîöèòàõ, íà 76% � â ãîëîâíîìó ìîçêó, íà 104,9%
� â ñåðöåâîìó ì'ÿç³ òà íà 44% � â ïå÷³íö³. Âì³ñò ÌÄÀ, ùî º âòî-
ðèííèì ìîëåêóëÿðíèì ïðîäóêòîì ÏÎË, çðîñòàâ íà 366% â ïëàçì³
êðîâ³, íà 98,4% � â ñåðöåâîìó ì'ÿç³, íà 231% � â ïå÷³íö³. Îñîáëèâî
çíà÷íèì (á³ëüø í³æ ó 8 ðàç³â) éîãî çá³ëüøåííÿ áóëî â òêàíèíàõ
ãîëîâíîãî ìîçêó, òîä³ ÿê âì³ñò ÌÄÀ â åðèòðîöèòàõ çàëèøàâñÿ ïðàê-
òè÷íî íåçì³ííèì. Òàêèì ÷èíîì, ï³ñëÿ çíàõîäæåííÿ ùóð³â ïðîòÿãîì
îäí³º¿ ãîäèíè â óìîâàõ ã³ïîêñè÷íî¿ ã³ïîêñ³¿ â³äáóâàºòüñÿ àêòèâàö³ÿ
ïðîöåñ³â ÏÎË â ïëàçì³ êðîâ³, åðèòðîöèòàõ, ãîëîâíîìó ìîçêó, ñåðöåâî-
ìó ì'ÿç³ òà ïå÷³íö³ ùóð³â.

Òàáëèöÿ 1

Âì³ñò ÄÊ òà ÌÄÀ (íìîëü/ìã á³ëêà) â ïëàçì³ êðîâ³, åðèòðîöèòàõ
òà îðãàíàõ ùóð³â çà ã³ïîêñè÷íî¿ ã³ïîêñ³¿

Ïðèì³òêà: Ð³çíèöÿ ç êîíòðîëåì â³ðîã³äíà: *** � ð < 0,001, ** � ð < 0,01, * �
ð < 0,05.
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Àêòèâ³çàö³ÿ â³ëüíîðàäèêàëüíîãî îêèñíåííÿ â êðîâ³ ùóð³â çà ã³ïî-
êñ³¿ ìîæå áóòè îáóìîâëåíà çì³íîþ àêòèâíîñò³ àíòèîêñèäàíòíèõ ôåð-
ìåíò³â. Ïîêàçàíî, ùî â åðèòðîöèòàõ ñïîñòåð³ãàºòüñÿ ³íàêòèâàö³ÿ ôåð-
ìåíòó ïåðâèííîãî àíòèîêñèäàíòíîãî çàõèñòó � ÑÎÄ � íà 25,6%
(òàáë. 2).

Òàáëèöÿ 2

Àêòèâí³ñòü êàòàëàçè, ÑÎÄ, ãëþêîçî-6-ôîñôàòäåã³äðîãåíàçè (Ã6ÔÄÃ)
³ öåðóëîïëàçì³íó â åðèòðîöèòàõ çà ã³ïîêñè÷íî¿ ã³ïîêñ³¿

Ïðèì³òêà: * � ð³çíèöÿ ç êîíòðîëåì â³ðîã³äíà (ð < 0,05).

Ïðè öüîìó àêòèâí³ñòü êàòàëàçè çàëèøàºòüñÿ â ìåæàõ íîðìè, à
àêòèâí³ñòü êëþ÷îâîãî ôåðìåíòó ïåíòîçîôîñôàòíîãî øóíòó �
Ã6ÔÄÃ � çðîñòàº íà 59,7%, â òîé ÷àñ ÿê àêòèâí³ñòü îäíîãî ç îñíîâ-
íèõ àíòèîêñèäàíòíèõ á³ëê³â ïëàçìè, ÿêîìó òàêîæ ïðèòàìàííà ÑÎÄ-
ïîä³áíà ä³ÿ, � öåðóëîïëàçì³íó � ³ñòîòíî íå çì³íþºòüñÿ.

Çðîñòàííÿ àêòèâíîñò³ Ã6ÔÄÃ â åðèòðîöèòàõ çà óìîâ ã³ïîêñè÷íî¿
ã³ïîêñ³¿ ñâ³ä÷èòü ïðî ïîñèëåííÿ ñèíòåçó ÍÀÄÔÍ â öèõ êë³òèíàõ, ùî
º íåîáõ³äíèì äëÿ ³íòåíñèâíîãî ôóíêö³îíóâàííÿ åðèòðîöèòàðíèõ àíòè-
îêñèäàíòíèõ ñèñòåì. Âîäíî÷àñ, ïîñèëåííÿ ïðîöåñ³â ÏÎË â êðîâ³ òà
äèñêîîðäèíàö³ÿ ôóíêö³îíóâàííÿ àíòèîêñèäàíòíèõ ôåðìåíò³â â åðèòðî-
öèòàõ ñâ³ä÷àòü ïðî ðîçâèòîê ïàòîëîã³÷íèõ ðåàêö³é çà óìîâ ã³ïîêñè÷-
íî¿ ã³ïîêñ³¿ ³ ìîæóòü ïðèçâåñòè äî ñòðóêòóðíî¿ äåñòàá³ë³çàö³¿ åðèòðî-
öèò³â.

Âèñíîâêè:

1. Â óìîâàõ ã³ïîêñè÷íî¿ ã³ïîêñ³¿ â³äáóâàºòüñÿ àêòèâàö³ÿ ïðîöåñ³â
ÏÎË â ïëàçì³ êðîâ³, åðèòðîöèòàõ, ãîëîâíîìó ìîçêó, ñåðöåâîìó ì'ÿç³ òà
ïå÷³íö³ ùóð³â ó ïîð³âíÿíí³ ç êîíòðîëåì.

2. Â åðèòðîöèòàõ ùóð³â ïðè ã³ïîêñè÷í³é ã³ïîêñ³¿ â³äáóâàºòüñÿ ³í-
àêòèâàö³ÿ ÑÎÄ, òîä³ ÿê àêòèâí³ñòü êàòàëàçè òà ïðîîêñèäàçíà àêòèâ-
í³ñòü öåðóëîïëàçì³íó ³ñòîòíî íå çì³íþþòüñÿ.

Ïåðåêèñíå îêèñíåííÿ ë³ï³ä³â â óìîâàõ ã³ïîêñ³¿
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3. Çà óìîâ ã³ïîêñ³¿ â³äáóâàºòüñÿ ïîñèëåííÿ àêòèâíîñò³ ãëþêîçî-6-
ôîñôàòäåã³äðîãåíàçè â åðèòðîöèòàõ, ùî º îçíàêîþ ³íòåíñèâíîãî ñèíòå-
çó ÍÀÄÔÍ ÿê êîìïåíñàòîðíî¿ ðåàêö³¿ ìåòàáîë³çìó êë³òèí íà âèñîêèé
ð³âåíü ÏÎË çà ã³ïîêñ³¿.
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ÏÅÐÅÊÈÑÍÎÅ ÎÊÈÑËÅÍÈÅ ËÈÏÈÄÎÂ È ÑÈÑÒÅÌÀ
ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÇÀÙÈÒÛ Â ÝÐÈÒÐÎÖÈÒÀÕ ÊÐÛÑ
Â ÓÑËÎÂÈßÕ ÃÈÏÎÊÑÈ×ÅÑÊÎÉ ÃÈÏÎÊÑÈÈ

Ðåçþìå
Èññëåäîâàíî âëèÿíèå ãèïîêñè÷åñêîé ãèïîêñèè íà ñîäåðæàíèå ïðîäóêòîâ ïåðå-

êèñíîãî îêèñëåíèÿ ëèïèäîâ (ÏÎË) è àêòèâíîñòü ñóïåðîêñèääèñìóòàçû, êàòàëàçû,
öåðóëîïëàçìèíà è ãëþêîçî-6-ôîñôàòäåãèäðîãåíàçû â êðîâè è îðãàíàõ êðûñ. Óñòà-
íîâëåíî, ÷òî ïðè ãèïîêñèè ïðîèñõîäèò àêòèâàöèÿ ÏÎË â ïëàçìå êðîâè, ýðèòðîöè-
òàõ, ãîëîâíîì ìîçãå, ñåðäöå è ïå÷åíè êðûñ. Â ýðèòðîöèòàõ êðûñ íàáëþäàåòñÿ ñíè-
æåíèå àêòèâíîñòè ñóïåðîêñèääèñìóòàçû è ïîâûøåíèå àêòèâíîñòè ãëþêîçî-6-ôîñ-
ôàòäåãèäðîãåíàçû.

Êëþ÷åâûå ñëîâà: ãèïîêñèÿ, ïåðåêèñíîå îêèñëåíèå ëèïèäîâ.

E. A. Abramova, A. V. Zaporozchenko

Odessa National University, Department of Biochemistry,
Dvoryanskaya St., 2, Odessa, 65026, Ukraine. Tel: (0482) 68-78-75

LIPID PEROXIDATION AND ANTIOXIDANT DEFENCE SYSTEM
IN RATS ERYTHROCYTES UNDER CONDITIONS OF HYPOXIC
HYPOXIA

Summary
The influence of hypoxic hypoxia on lipid peroxidation products content and

superoxide dismutase, catalase, ceruloplasmin and glucose-6-phosphate-dehydrogenase
activity in blood and organs of rats has been investigated. It was shown that during
hypoxia activation of lipid peroxidation in plasma, erythrocytes, brain, heart and
liver of rats takes place. In rats erythrocytes superoxide dismutase activity
decreasing and glucose-6-phosphate-dehydrogenase activity rising are observed.

Keywords: hypoxia, lipid peroxidation.

Ïåðåêèñíå îêèñíåííÿ ë³ï³ä³â â óìîâàõ ã³ïîêñ³¿


