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Çì³íè àêòèâíîñò³ ôåðìåíò³â ó ñèñòåì³ 

àíòèîêñèäàíòíîãî çàõèñòó òà ñòàí ÍÀÄÍ + Í+- 

ìåòãåìîãëîá³íðåäóêòàçíî¿ ñèñòåìè ãåìîãëîá³íó

ó êðîâ³ ïàö³ºíò³â, õâîðèõ íà ðàê ëåãåíü

Çàáåçïå÷åííÿ ãàçîòðàíñïîðòíî¿ ôóíêö³¿ åðèòðîöèòàìè ïîâ’ÿçàíå ç 
âïëèâîì ÷èñëåííèõ ôàêòîð³â, ÿê³ ìîæíà êëàñèô³êóâàòè òàêèì ÷èíîì: 
ëåãåíåâ³ (íàïðóæåííÿ êèñíþ â àëüâåîëÿðíîìó ïîâ³òð³, ê³ëüê³ñòü àëü-
âåîë, ùî ôóíêö³îíóþòü), åðèòðîöèòàðí³ (âì³ñò 2, 3-äèôîñôîãë³öåðàòó, 
àêòèâí³ñòü ôåðìåíòàòèâíèõ ñèñòåì, ùî çàáåçïå÷óþòü åíåðãåòè÷íèé 
ìåòàáîë³çì, òðàíñïîðòóâàííÿ ãàç³â ÷åðåç ìåìáðàíó, ï³äòðèìàííÿ 
ôóíêö³îíàëüíîãî ñòàíó ãåìîãëîá³íó), êðîâ’ÿí³ (ðÍ êðîâ³, òåìïåðàòóðà, 
ð³âåíü ïðîäóêò³â â³ëüíîðàäèêàëüíîãî îêèñíåííÿ, ãîðìîí³â). Ä³ÿ ôàê-
òîð³â ì³êðîîòî÷åííÿ íà êë³òèíè êðîâ³ ïîñèëþºòüñÿ ïðè ïîøêîäæåíí³ 
ñòðóêòóðè òà ôóíêö³îíàëüíèõ âëàñòèâîñòåé ìåìáðàí, ÿê³ ìîæóòü áóòè 
³í³ö³éîâàí³ ìåòàáîë³÷íèìè ïîðóøåííÿìè ïðè òèõ ÷è ³íøèõ ïàòîëîã³÷-
íèõ ñòàíàõ [3, 4, 16].

Îñòàíí³ì ÷àñîì ïðèä³ëÿºòüñÿ çíà÷íà óâàãà âïëèâàì ïðîîêñèäàíòíèõ 
ôàêòîð³â íà êèñíåçâ’ÿçóâàëüí³ âëàñòèâîñò³ ãåìîãëîá³íó òà êèñíåòðàí-
ñïîðòíó ôóíêö³þ åðèòðîöèò³â, à òàêîæ íà ïðîöåñè ë³ïîïåðîêñèäàö³¿ 
[2, 3]. Âèÿâëåíî, ùî NO â ðåàêö³¿ ç ãåìîãëîá³íîì óòâîðþº ìåòãåìîãëî-
á³í (MetHb), í³òðîçèëãåìîãëîá³í (HbFe2+ + NO) ³ S – í³òðîçîãåìîãëîá³í 
(SNO – Hb) [9, 11, 13, 14]. Âàæëèâèì º òå, ùî íàÿâí³ñòü ð³çíèõ ñïî-
ëóê ãåìîãëîá³íó ç NO ìîæå ïî-ð³çíîìó ïîçíà÷àòèñÿ íà ñïîð³äíåíîñò³ 
ãåìîãëîá³íó ³ êèñíþ, îñê³ëüêè ö³ ñïîëóêè âïëèâàþòü íà ðåãóëÿö³þ 
ïðîöåñ³â îêñèãåíàö³¿ òà äåîêñèãåíàö³¿. Îêð³ì öüîãî, ïåðåë³÷åí³ ïî-
õ³äí³ ãåìîãëîá³íó âïëèâàþòü íà åðèòðîöèòàðí³ ìåõàí³çìè ðåãóëÿö³¿, 
êèñíåçàëåæíèé õàðàêòåð óòâîðåííÿ NO, ðåãóëÿö³þ óòâîðåííÿ òà çíå-
øêîäæåííÿ ïåðîêñèí³òðèòó [12, 14, 15]. 

Ìåòà íàøî¿ ïðàö³ – âèçíà÷èòè âçàºìîçâ’ÿçîê ì³æ ôóíêö³îíàëüíèì 
ñòàíîì êèñíåçâ’ÿçóâàëüíî¿ ñèñòåìè, ïðîöåñàìè ïåðåêèñíîãî îêèñíåííÿ 
ë³ï³ä³â òà ñòàí àíòèîêñèäàíòíî¿ ñèñòåìè ó êðîâ³ ïàö³ºíò³â, õâîðèõ íà 
ðàê ëåãåíü (II–III ñòàä³¿), äî ³ ï³ñëÿ õ³ðóðã³÷íîãî ë³êóâàííÿ.

Ìàòåð³àëè òà ìåòîäè äîñë³äæåíü. Ó äîñë³äæåííÿõ âèêîðèñòîâóâàëè 
êðîâ 50 êë³í³÷íî çäîðîâèõ îñ³á, îòðèìàíó íà Öåíòðàëüí³é ñòàíö³¿ ïå-
ðåëèâàííÿ êðîâ³ ì. Ëüâîâà, êðîâ 50 ïàö³ºíò³â, õâîðèõ íà ðàê ëåãåíü 
÷îëîâ³÷î¿ òà æ³íî÷î¿ ñòàò³ â³êîì 35–65 ðîê³â, ÿêó îòðèìàëè ó Ëüâ³â-
ñüêîìó îáëàñíîìó îíêîëîã³÷íîìó öåíòð³. Êðîâ íàäõîäèëà â ëàáîðà-
òîð³þ ó òåðìîñòàòîâàíîìó ïîñóä³ ç îõîëîäæóâàëüíèì ðåàãåíòîì ïðè 
òåìïåðàòóð³ 4°Ñ. Äîñë³äæåííÿ ïðîâîäèëè â äåíü îòðèìàííÿ ìàòåð³àëó.

Êðîâ áðàëè íàòùå ³ç ë³êòüîâî¿ âåíè, ÿê àíòèêîàãóëÿíò âèêîðèñòî-
âóâàëè 3,8% öèòðàò íàòð³þ. Âì³ñò NO2

– ó äîñë³äæóâàíèõ á³îëîã³÷íèõ 
ð³äèíàõ âèçíà÷àëè ìåòîäîì [11] çà äîïîìîãîþ ðåàêòèâó Ãð³ññà, îïòè÷íó 
ù³ëüí³ñòü çàáàðâëåííÿ âèì³ðþâàëè íà ñïåêòðîôîòîìåòð³ ÑÔ-46 550 
íì. Âèçíà÷åííÿ êîíöåíòðàö³¿ ÒÁÊ-àêòèâíèõ ïðîäóêò³â (ìàëîíîâîãî 
ä³àëüäåã³äó (ÌÄÀ) [8], àêòèâíîñò³ ãëóòàò³îíïåðîêñèäàçè (ÃÏÎ) [6], ãëó-
òàò³îíðåäóêòàçè (ÃÐ) ïðîâîäèëè ñïåêòðîôîòîìåòðè÷íî [7]. Àêòèâí³ñòü 
ÍÀÄÍ++Í+-çàëåæíî¿ ìåòãåìîãëîá³íðåäóêòàçè åðèòðîöèò³â âèçíà÷àëè 
øëÿõîì óòâîðåííÿ ï³ä ä³ºþ K3Fe(CN)6 ìåòãåìîãëîá³íó, ÿêèé çà íàÿâ-
íîñò³ ÍÀÄÍ++Í+ ³ ïðè ä³¿ ÍÀÄÍ++Í+-çàëåæíî¿ ìåòãåìîãëîá³íðåäóêòàçè 
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ãåìîë³çàòó â³äíîâëþâàâñÿ â ãåìîãëîá³í, ùî, â ñâîþ ÷åðãó, ðåàãóâàâ ³ç 
ðîç÷èíåíèì â ðåàêö³éí³é ñóì³ø³ êèñíåì ³ óòâîðþâàâ îêñèãåìîãëîá³í. 
Âì³ñò îêñèãåìîãëîá³íó ï³ä ÷àñ ðåàêö³¿ çðîñòàâ ³ ðåºñòðóâàâñÿ çà äîïî-
ìîãîþ ñïåêòðîôîòîìåòðà [1]. Ãåìîãëîá³í âèçíà÷àëè ö³àíìåòãåìîãëîá³-
íîâèì ìåòîäîì [5]. Îòðèìàí³ ðåçóëüòàòè îïðàöüîâóâàëè ñòàòèñòè÷íî, 
äîñòîâ³ðí³ñòü ð³çíèö³ îö³íþâàëè çà äîïîìîãîþ êðèòåð³þ t Ñòüþäåíòà.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Íåçâàæàþ÷è íà íàÿâí³ñòü 
â åðèòðîöèòàõ ïîòóæíî¿ ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó, ñóòòºâó 
ðîëü ó ïîðóøåíí³ ñòðóêòóðè òà âëàñòèâîñòåé åðèòðîöèòàðíî¿ ìåìáðàíè 
â³ä³ãðàþòü â³ëüíîðàäèêàëüí³ ïðîöåñè, ÿê³ àêòèâóþòüñÿ â óìîâàõ ä³¿ 
òðèâàëîãî ã³ïîêñè÷íîãî ôàêòîðà, ùî ðîçâèâàºòüñÿ âíàñë³äîê óðàæåííÿ 
òêàíèíè ëåãåíü ïðè çàõâîðþâàíí³ íà ðàê ëåãåíü. Ïðè äîñë³äæåíí³ ³í-
òåãðàëüíîãî ïîêàçíèêà ð³âíÿ â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ó ïàö³ºíò³â 
ç ö³ºþ ïàòîëîã³ºþ äî òà ï³ñëÿ ë³êóâàííÿ áóëî âñòàíîâëåíî, ùî ó ñè-
ðîâàòö³ êðîâ³ õâîðèõ îñ³á êîíöåíòðàö³ÿ ÌÄÀ áóëà äîñòîâ³ðíî âèùîþ, 
í³æ ó äîíîð³â ÿê äî, òàê ³ ï³ñëÿ ë³êóâàííÿ (òàáë. 1). ßêùî ó êðîâ³ 
äîíîð³â âîíà ñòàíîâèëà 95,092,68 ìêìîëü/ìë, òî ó õâîðèõ íà ðàê ëå-
ãåíü – 141,434,40 ìêìîëü/ìë. Ö³ çì³íè, ùî ³í³ö³éîâàí³ ïåðîêñèäíèì 
îêèñíåííÿì ë³ï³ä³â, íå ìîæíà ðîçãëÿäàòè ÿê ìåõàí³çì ïðèñòîñóâàëüíî¿ 
ìîäèô³êàö³¿ ìîëåêóëÿðíî¿ îðãàí³çàö³¿ ìåìáðàíè åðèòðîöèò³â, îñê³ëüêè 
âîíè âåäóòü äî ïîðóøåííÿ ¿¿ ñòðóêòóðè òà ô³çèêî-õ³ì³÷íèõ âëàñòèâîñ-
òåé. ²í³ö³àö³ÿ ïðîöåñ³â ë³ïîïåðîêñèäàö³¿ ïðèçâîäèòü äî íàãðîìàäæåí-
íÿ ïðîäóêò³â ïåðîêñèäíîãî îêèñíåííÿ ë³ï³ä³â, çîêðåìà ÌÄÀ [2, 14]. 
²ìîâ³ðíî, ùî öÿ àáî äåÿê³ ³íø³ ïðîì³æí³ ñïîëóêè ìîæóòü óòâîðþâàòè 
ç’ºäíàííÿ ó ìåìáðàííèõ êîìïîíåíòàõ, ùî ñïðè÷èíþº âòðàòó åëàñòè÷-
íîñò³ åðèòðîöèòàðíî¿ ìåìáðàíè. 

Òàáëèöÿ 1

Êîíöåíòðàö³ÿ ÌÄÀ ó õâîðèõ íà ðàê ëåãåíü II–III ñòàä³¿ (ìêìîëü/ë)
ó ñèðîâàòö³ êðîâ³

Êîíòðîëü 
M±m

Äî îïåðàö³¿ 
M±m

Ï³ñëÿ îïåðàö³¿ M±m

3-ÿ äîáà 8-à äîáà 15-à äîáà 21-à äîáà

95,09
2,68

141,43
4,40*

132,35
1,87**

125,26
1,56**

117,74
1,67**

119,51
1,87**

Ïðèì³òêà: * – ð0,05 ïîð³âíÿíî ç êîíòðîëåì, ** – ð0,01 ïîð³âíÿíî ç äàíèìè äî 
îïåðàö³¿, n=10

Ï³ñëÿ ïðîâåäåíîãî ë³êóâàííÿ (ï³ñëÿîïåðàö³éíèé ïåð³îä) ñïîñòåð³ãà-
ºòüñÿ ïîñòóïîâå çíèæåííÿ êîíöåíòðàö³¿ ÌÄÀ, ïðîòå íà 3-þ äîáó âîíà 
ùå äîñòîâ³ðíî ï³äâèùåíà ³ ñòàíîâèòü 132,5±1,87 ìêìîëü/ìë. Î÷åâèäíî, 
öå ïîâ’ÿçàíî, ó ïåðøó ÷åðãó, ³ç âèäàëåííÿì ïóõëèíè. Ó ïîäàëüøîìó 
ñïîñòåð³ãàºòüñÿ ïîñòóïîâå çíèæåííÿ âì³ñòó ÌÄÀ, à îòæå, ³íòåíñèâíîñò³ 
ïðîöåñ³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â, çîêðåìà, âæå íà 21-ó äîáó 
âì³ñò ÌÄÀ çíèæóºòüñÿ ³ ñòàíîâèòü 119,51±1,87 ìêìîëü/ìë – äîîïåðà-
ö³éíèé ð³âåíü 141,43±4,40 ìêìîëü/ìë, ïðîòå öÿ êîíöåíòðàö³ÿ ÌÄÀ ³ 
íà 21-ó äîáó ï³ñëÿ îïåðàòèâíîãî âòðó÷àííÿ ùå íå äîñÿãàº êîíòðîëþ – 
95,09±2,68 ìêìîëü/ìë ³ çàëèøàºòüñÿ á³ëüøîþ â 1,25 ðàçó.

Ïîä³áí³ çì³íè ñïîñòåð³ãàþòüñÿ ïðè âèçíà÷åíí³ êîíöåíòðàö³¿ í³òðèò 
àí³îíó (òàáë. 2). Íàïðèêëàä, êîíöåíòðàö³ÿ NO2

– äî îïåðàòèâíîãî ë³-
êóâàííÿ ñòàíîâèëà 5,52±0,51 ìêìîëü/ë, ï³ñëÿ ë³êóâàííÿ íà 3-þ äîáó 
5,23±0,59 ìêìîëü/ë. Ó ïîäàëüøîìó ñïîñòåð³ãàºòüñÿ ïîñòóïîâå çíè-
æåííÿ NO2

–, çîêðåìà íà 21-ó äîáó çíèæóºòüñÿ ³ ñòàíîâèòü 3,69±0,29 
ìêìîëü/ë, ïðîòå ùå íå äîñÿãàº êîíòðîëþ – 3,27±0,32 ìêìîëü/ë ³ 
çàëèøàºòüñÿ á³ëüøîþ ó 1,13 ðàçó. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî 
ïîçèòèâíó êîðåëÿö³þ ì³æ äèíàì³êîþ çì³í êîíöåíòðàö³¿ ÌÄÀ ³ NO2

–. 
Éìîâ³ðíî, ùî ³íòåíñèô³êàö³ÿ ïðîöåñ³â ïåðåêèñíîãî îêèñíåííÿ çóìîâ-
ëåíà ¿õ ³í³ö³àö³ºþ ïåðîêñèí³òðèòîì.
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Òàáëèöÿ 2

Êîíöåíòðàö³ÿ NO2
– äî òà ï³ñëÿ îïåðàö³¿ ó õâîðèõ íà ðàê ëåãåíü

II–III ñòàä³¿ (ìêìîëü/ë) ó ñèðîâàòö³ êðîâ³ 

Êîíòðîëü 
M±m

Äî îïåðàö³¿ 
M±m

Ï³ñëÿ îïåðàö³¿ M±m

3-ÿ äîáà 8-à äîáà 15-à äîáà 21-à äîáà

3,27±0,32 5,52±0,51* 5,227±
0,59**

4,56±
0,49**

4,17±
0,31**

3,69±
0,29**

Ïðèì³òêà: * – ð0,05 ïîð³âíÿíî ç êîíòðîëåì, ** – ð0,01 ïîð³âíÿíî ç äàíèìè äî 
îïåðàö³¿, n=10

Ã³äðîêñèëüíèé ðàäèêàë ìîæå óòâîðþâàòèñÿ ïðè âçàºìîä³¿ Í2Î2 
ç Î2

– ÷è Fe2+. Â³í º ôàêòîðîì îêèñíþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â ³ 
ë³ï³ä³â ³ îñîáëèâî àêòèâíî àòàêóº ìåìáðàíí³ ë³ï³äè ç íåíàñè÷åíèìè 
ïîäâ³éíèìè çâ’ÿçêàìè. Öåé ïðîöåñ ïðèçâîäèòü äî óòâîðåííÿ ë³ï³äíèõ 
ã³äðîïåðåêèñ³â ³ çì³íè âëàñòèâîñòåé êë³òèííèõ ìåìáðàí. NO âçàºìîä³º 
ç Î2

– ç óòâîðåííÿì ïåðîêñèí³òðèòó, ÿêèé ïðè çàêèñíåíí³ ñåðåäîâèùà 
âèâ³ëüíþº ÎÍ•, îêèñíþº SH-ãðóïè á³ëê³â, à NO2

–, ùî óòâîðþºòüñÿ 
ïðè öüîìó, çä³éñíþº í³òðóâàííÿ òèðîçèíîâèõ çàëèøê³â ïîë³ïåïòèä³â. 
ßêùî ïðîöåñ óòâîðåííÿ â³ëüíèõ ðàäèêàë³â íå áóäå çóïèíåíèé àíòè-
îêñèäàíòíîþ ñèñòåìîþ, îêèñíþâàëüíèé ñòðåñ ïðèçâåäå äî çàãèáåë³ 
êë³òèíè [14].

Ó ïðîâåäåíèõ äîñë³äæåííÿõ âèâ÷àëè çì³íè àêòèâíîñò³ ôåðìåíò³â 
ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó.

Ó íîðìàëüíèõ óìîâàõ â³ëüíîðàäèêàëüí³ ïðîöåñè â³äáóâàþòüñÿ íà 
íèçüêîìó ð³âí³ çàâäÿêè áàãàòîêîìïîíåíòí³é ñèñòåì³ àíòèîêñèäàíò³â 
[2, 3]. Çì³ùåííÿ ïðî- òà àíòèîêñèäàíòíî¿ ð³âíîâàãè õàðàêòåðèçóº 
ñèíäðîì åíäîãåííî¿ ³íòîêñèêàö³¿, ÿêèé ïðîãðåñóº ç³ çá³ëüøåííÿì 
çëîÿê³ñíî¿ ïóõëèíè, ïîñèëþþ÷è ÿâèùà „ïóõëèííîãî òîêñèêîçó” [14].

Ïðè çàõâîðþâàíí³ íà ðàê ëåãåíü ñïîñòåð³ãàþòüñÿ çì³íè àêòèâíîñò³ 
ôåðìåíò³â àíòèîêñèäàíòíî¿ ñèñòåìè: ãëóòàò³îíðåäóêòàçè, ãëóòàò³îí-
ïåðîêñèäàçè. Íàïðèêëàä, àêòèâí³ñòü ãëóòàò³îíðåäóêòàçè (òàáë. 3) ó 
ãåìîë³çàò³ åðèòðîöèò³â õâîðèõ íà ðàê ëåãåíü äîñòîâ³ðíî çðîñòàëà ³ç 
4,11±0,45 ìêìîëü ÍÀÄÔÍ/õâãHb äî 20,73±1,52 ìêìîëü ÍÀÄÔÍ/
õâãHb ïîð³âíÿíî ç êîíòðîëüíèìè ïîêàçíèêàìè. Ï³ñëÿ îïåðàòèâíî-
ãî âòðó÷àííÿ àêòèâí³ñòü öüîãî åíçèìó çìåíøóºòüñÿ ³ íà 21-ó äîáó 
ñòàíîâèòü 9,30±0,62 ìêìîëü ÍÀÄÔÍ/õâãHb, ïðîòå íå äîñÿãàº êîíò-
ðîëüíîãî çíà÷åííÿ.

Òàáëèöÿ 3

Àêòèâí³ñòü ãëóòàò³îíðåäóêòàçè ó õâîðèõ íà ðàê ëåãåíü II–III ñòàä³¿ (ìêìîëü) 
ÍÀÄÔÍ/õâãHb ó ãåìîë³çàò³ åðèòðîöèò³â

Êîíòðîëü 
M±m

Äî îïåðàö³¿ 
M±m

Ï³ñëÿ îïåðàö³¿ M±m

3-ÿ äîáà 8-à äîáà 15-à äîáà 21-à äîáà

4,11±0,45 20,73±1,52* 16,29±
0,63**

14,23±1,07* 11,39±0,94* 9,30±0,62*

Ïðèì³òêà: * – ð0,001 ïîð³âíÿíî ç êîíòðîëåì, ** – ð0,05 ïîð³âíÿíî ç äàíèìè äî 
îïåðàö³¿, n=10)

Àêòèâí³ñòü ãëóòàò³îíïåðîêñèäàçè ïðè çàõâîðþâàíí³ íà ðàê ëåãåíü 
çíèæóâàëàñü (òàáë. 4) ïîð³âíÿíî ç êîíòðîëåì â³ä 361,55±5,42 ìêìîëü 
GSH/õâã Hb äî 105,24±1,58 ìêìîëü GSH/õâã Hb. Ï³ñëÿ îïåðàòèâ-
íîãî âòðó÷àííÿ ñïîñòåð³ãàëîñü ïîñòóïîâå çðîñòàííÿ àêòèâíîñò³ öüîãî 
åíçèìó ³ íà 21-ó äîáó âîíà ñòàíîâèëà 309,45±2,75 ìêìîëü GSH/õâã 
Hb, ïðàêòè÷íî äîñÿãàþ÷è íîðìè, ïðîòå çàëèøàþ÷èñü äåùî íèæ÷îþ 
â³ä ïîêàçíèê³â êîíòðîëþ ó 1,17 ðàçó.
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Òàáëèöÿ 4 

Àêòèâí³ñòü ãëóòàò³îíïåðîêñèäàçè ó õâîðèõ íà ðàê ëåãåíü II – III ñòàä³¿ (ìêìîëü) 
GSH/õâã Hb ó ãåìîë³çàò³ åðèòðîöèò³â 

Êîíòðîëü 
M±m

Äî îïåðàö³¿ 
M±m

Ï³ñëÿ îïåðàö³¿ M±m

3-ÿ äîáà 8-à äîáà 15-à äîáà 21-à äîáà

361,55±
5,42

105,24±
1,58*

251,95±
3,55**

260,18±
2,61*

290,03±
2,26*

309,45±
2,75*

Ïðèì³òêà: * – ð0,001 ïîð³âíÿíî ç êîíòðîëåì, **– ð0,05 ïîð³âíÿíî ç äàíèìè äî 
îïåðàö³¿, n=10

Ç íàâåäåíèõ ðåçóëüòàò³â âèäíî, ùî ñïîñòåð³ãàºòüñÿ äîñòîâ³ðíå çíè-
æåííÿ àêòèâíîñò³ öüîãî ôåðìåíòó ó ãåìîë³çàò³ åðèòðîöèò³â õâîðèõ íà 
ðàê ëåãåíü, çîêðåìà äî îïåðàö³¿ ïîð³âíÿíî ç êîíòðîëåì. Ï³ñëÿ õ³ðóð-
ã³÷íîãî ë³êóâàííÿ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå çðîñòàííÿ àêòèâíîñò³, 
ïðî ùî ñâ³ä÷èòü çíèæåííÿ âì³ñòó ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ, 
çîêðåìà ÌÄÀ.

Ï³ä ÷àñ äîñë³äæåííÿ ñòàíó îêèñíî-â³äíîâíèõ ðåàêö³é ÿê ó äîíîð³â, 
òàê ³ ïàö³ºíò³â, õâîðèõ íà ðàê ëåãåíü, áóëî òàêîæ ðîçãëÿíóòî çì³íó 
àêòèâíîñò³ òàêîãî âàæëèâîãî ôåðìåíòó, ÿê ÍÀÄÍ + Í+ – ìåòãåìî-
ãëîá³íðåäóêòàçè åðèòðîöèò³â (òàáë. 5). Öåé åíçèì çä³éñíþº ôóíêö³þ 
â³äíîâëåííÿ ãåìîãëîá³íó ç éîãî ìåòôîðìè. Íà ôóíêö³îíàëüíó àêòèâ-
í³ñòü öüîãî ôåðìåíòó ïðèïàäàº äî 80% ðåäóêîâàíîãî ãåìîãëîá³íó. 
Ï³ä ÷àñ ë³êóâàííÿ â³äáóâàþòüñÿ ñóòòºâ³ çì³íè ó òðàíñïîðòóâàëüí³é 
ñèñòåì³ êèñíþ.

Òàáëèöÿ 5

Àêòèâí³ñòü ÍÀÄÍ+ + Í+-çàëåæíî¿ ìåòãåìîãëîá³íðåäóêòàçè ó õâîðèõ íà ðàê ëåãåíü 
II–III ñòàä³¿ (ìêìîëü) ÍbO2/õâã Hb ó ãåìîë³çàò³ åðèòðîöèò³â

Êîíòðîëü 
M±m

Äî îïåðàö³¿ 
M±m

Ï³ñëÿ îïåðàö³¿ M±m

3-ÿ äîáà 8-à äîáà 15-à äîáà 21-à äîáà

2,65±0,41 1,18±0,25* 0,74±0,17** 0,94±
0,21***

1,33±
0,17***

1,63±
0,18**

Ïðèì³òêà:* – ð0,05 ïîð³âíÿíî ç êîíòðîëåì, ** – ð0,05 ïîð³âíÿíî ç äàíèìè äî 
îïåðàö³¿, *** – ð0,1 ïîð³âíÿíî ç äàíèìè äî îïåðàö³¿, n=10

Âàæëèâèì º âèâ÷åííÿ óòâîðåííÿ ìåòãåìîãëîá³íó. Öÿ ñïîëóêà íå 
çäàòíà äî òðàíñïîðòóâàííÿ êèñíþ, à îòæå, çá³ëüøåííÿ ¿¿ êîíöåíòðàö³¿ 
ïðèçâîäèòèìå äî ðîçâèòêó ã³ïîêñ³¿. Áåðó÷è öå äî óâàãè, áóëî ðîçãëÿíóòî 
àêòèâí³ñòü ôåðìåíòó, ÿêèé çäàòíèé â³äíîâëþâàòè ìåòãåìîãëîá³í ó éîãî 
àêòèâíó êèñíåâîòðàíñïîðòíó ôîðìó. Îòðèìàí³ ðåçóëüòàòè ïðåäñòàâëåí³ 
ó òàáë. 5. Äî îïåðàö³¿ ó õâîðèõ ö³º¿ ãðóïè ñïîñòåð³ãàëîñü çíèæåííÿ àê-
òèâíîñò³ ÍÀÄÍ + Í+ – ìåòãåìîãëîá³íðåäóêòàçè, ÿêå î÷åâèäíî ïîâ’ÿçàíå 
ç³ çíèæåííÿì âì³ñòó ÍÀÄÍ+. Ó ïîäàëüøîìó â ï³ñëÿîïåðàö³éíèé ïåð³-
îä â³äáóâàºòüñÿ ïîñòóïîâå çðîñòàííÿ ð³âíÿ àêòèâíîñò³, ùî, ìîæëèâî, 
çóìîâëåíî çðîñòàííÿì âì³ñòó â³äíîâëåíèõ êîôåðìåíò³â. Çàãàëîì çíè-
æåííÿ àêòèâíîñò³ öüîãî ôåðìåíòó ìîæå ïðèçâåñòè äî íàãðîìàäæåííÿ 
ìåòãåìîãëîá³íó, ùî ñïðèÿº ðîçâèòêó ã³ïîêñ³¿ òà ³íòîêñèêàö³¿.

Âèñíîâêè. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî íàãðîìàäæåííÿ ïðî-
äóêò³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â ó ñèðîâàòö³ êðîâ³ âíàñë³äîê 
³íòåíñèô³êàö³¿ ïðîöåñ³â, ùî ïðèçâîäÿòü äî ¿õ óòâîðåííÿ. Òàêîæ ñïî-
ñòåð³ãàëîñü çíèæåííÿ àêòèâíîñò³ àíòèîêñèäàíòíèõ åíçèì³â ³ àêòèâíîñò³ 
ÍÀÄÍ + Í+-ìåòãåìîãëîá³íðåäóêòàçè åðèòðîöèò³â, ùî ïðèçâîäèòü äî 
ïîã³ðøåííÿ êèñíåâîçâ’ÿçóâàëüíèõ òà êèñíåâîòðàíñïîðòóâàëüíèõ ìîæ-
ëèâîñòåé ñèñòåìè.

Ó ðåçóëüòàò³ çì³íè öèõ ïàðàìåòð³â ôîðìóþòüñÿ ïàòîãåíåòè÷í³ ñòà-
ö³îíàðí³ ñòàíè íåñïåöèô³÷íî¿ àäàïòèâíî¿ êîìïåíñàö³¿, ÿê³ çàãàëîì ïðè-
çâîäÿòü äî çíèæåííÿ ôóíêö³îíàëüíî¿ çäàòíîñò³ åðèòðîöèò³â. Îòðèìàí³ 
ðåçóëüòàòè ìîæíà çàñòîñîâóâàòè äëÿ îá’ºêòèâíî¿ îö³íêè ñòðóêòóðíî-
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ôóíêö³îíàëüíîãî ñòàíó êèñíåâîçâ’ÿçóâàëüíèõ âëàñòèâîñòåé ãåìîãëîá³íó 
òà åðèòðîöèò³â ó ïàö³ºíò³â ïðè ïàòîëîã³ÿõ, ÿê³ ñóïðîâîäæóþòüñÿ ðîç-
âèòêîì ã³ïîêñè÷íèõ ñòàí³â, äåñòðóêòèâíèõ ïðîöåñ³â òà ³íòîêñèêàö³¿.
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ÈÇÌÅÍÅÍÈß ÀÊÒÈÂÍÎÑÒÈ ÔÅÐÌÅÍÒÎÂ Â ÑÈÑÒÅÌÅ 
ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÇÀÙÈÒÛ È ÑÎÑÒÎßÍÈÅ

ÍÀÄÍ + Í+-ÌÅÒÃÅÌÎÃËÎÁÈÍÐÅÄÓÊÒÀÇÍÎÉ ÑÈÑÒÅÌÛ 
ÃÅÌÎÃËÎÁÈÍÀ Â ÊÐÎÂÈ ÏÀÖÈÅÍÒÎÂ, ÁÎËÜÍÛÕ ÐÀÊÎÌ ËÅÃÊÈÕ

Þ.Ì. ÔÅÄÅÂÈ×
Ëüâîâñêèé íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò èì. Äàíèëà Ãàëèöêîãî

Èññëåäîâàíû èçìåíåíèÿ àêòèâíîñòè ôåðìåíòîâ â ñèñòåìå àíòèîêñèäàíòíîé çà-

ùèòû è ñîñòîÿíèå ÍÀÄÍ + Í+-ìåòãåìîãëîáèíðåäóêòàçíîé ñèñòåìû ãåìîãëîáèíà â 

êðîâè ïàöèåíòîâ, áîëüíûõ ðàêîì ëåãêèõ. Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé 

óñòàíîâëåíî, ÷òî íàáëþäàþòñÿ ñóùåñòâåííûå èçìåíåíèÿ êàê äî, òàê è ïîñëå ëå÷åíèÿ ó 

ïàöèåíòîâ ñ íîâîîáðàçîâàíèÿìè â ëåãêèõ. Â ÷àñòíîñòè, óñòàíîâëåíî, ÷òî ïî ñðàâíåíèþ 

ñ êîíòðîëüíîé ãðóïïîé (äîíîðû) íàáëþäàåòñÿ ñóùåñòâåííûé ðîñò êîíöåíòðàöèè ìàëî-

íîâîãî äèàëüäåãèäà â 1,48 ðàçà ó ïàöèåíòîâ, áîëüíûõ ðàêîì ëåãêèõ, ñ ïîñòåïåííûì 

óìåíüøåíèåì â ïîñëåîïåðàöèîííûé ïåðèîä. Ïîäîáíûå èçìåíåíèÿ íàáëþäàþòñÿ è â 

ñëó÷àå ñ èçìåíåíèÿìè êîíöåíòðàöèè íèòðèò-àíèîíà, ãäå îíà ïîâûøåíà â 1,68 ðàçà 

ïî ñðàâíåíèþ ñ êîíòðîëåì. Âåðîÿòíî, ýòî ñâÿçàíî ñ îáðàçîâàíèåì ïðîìåæóòî÷íîãî 

ñîåäèíåíèÿ ïåðîêñèíèòðèòà. 

Áûëè óñòàíîâëåíû è èçìåíåíèÿ àêòèâíîñòè òàêèõ ýíçèìîâ, êàê ãëóòàòèîíðåäóêòà-

çà è ãëóòàòèîíïåðîêñèäàçà. Â ÷àñòíîñòè, ó ïàöèåíòîâ àêòèâíîñòü ãëóòàòèîíðåäóêòàçû 
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âîçðàñòàëà â 5 ðàç ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé. Îíà ïîñòåïåííî ñíèæàëàñü â 

ïîñëåîïåðàöèîííûé ïåðèîä, õîòÿ äàæå íà 21-å ñóòêè íå äîñòèãàëà íîðìû è áûëà â 2,22 

ðàçà âûøå, ÷åì â êîíòðîëüíîé ãðóïïå. Àêòèâíîñòü ãëóòàòèîíïåðîêñèäàçû óìåíüøàëàñü 

â 3,43 ðàçà ó ïàöèåíòîâ â äîîïåðàöèîííûé ïåðèîä ïî ñðàâíåíèþ ñ êîíòðîëåì. Â ïîñëå-

îïåðàöèîííûé ïåðèîä àêòèâíîñòü ýòîãî ýíçèìà ïîñòåïåííî âîçðàñòàëà, òåì íå ìåíåå, íå 

äîñòèãàëà êîíòðîëüíûõ çíà÷åíèé. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî ñèñòåìà 

àíòèîêñèäàíòíîé çàùèòû, â ÷àñòíîñòè, åå ãëóòàòèîíîâîå çâåíî, èçìåíÿåò ñâîþ àêòèâíîñòü, 

êîòîðàÿ, âåðîÿòíî, ñâÿçàíà ñ ðîñòîì ïðîäóêòîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ. 

Áûëî èçó÷åíî èçìåíåíèå àêòèâíîñòè òàêîãî ôåðìåíòà, êàê ÍÀÄÍ + Í+-ìåòãåìî-

ãëîáèíðåäóêòàçû ýðèòðîöèòîâ. Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé íàáëþäàëîñü 

óìåíüøåíèå àêòèâíîñòè ôåðìåíòà â 2,24 ðàçà ïî ñðàâíåíèþ ñ àêòèâíîñòüþ â êîíòðîëü-

íîé ãðóïïå. Â äàëüíåéøåì, ïîñëå õèðóðãè÷åñêîãî ëå÷åíèÿ, íàáëþäàëîñü ïîñòåïåííîå 

ïîâûøåíèå àêòèâíîñòè ýòîãî ýíçèìà. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî äî 

îïåðàöèè ó áîëüíûõ ýòîé ãðóïïû íàáëþäàëîñü ñíèæåíèå àêòèâíîñòè ÍÀÄÍ + Í+-ìåò-

ãåìîãëîáèíðåäóêòàçû, ÷òî, âîçìîæíî, ñâÿçàíî ñî ñíèæåíèåì êîíöåíòðàöèè ÍÀÄÍ+. 

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé íàáëþäàåòñÿ íàêîïëåíèå 

ïðîäóêòîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ â ñûâîðîòêå êðîâè, à òàêæå ðîñò èíòåíñèâ-

íîñòè ïðîöåññîâ, êîòîðûå ïðèâîäÿò ê èõ îáðàçîâàíèþ, ñíèæåíèå àêòèâíîñòè àíòèîê-

ñèäàíòíûõ ýíçèìîâ è àêòèâíîñòè ÍÀÄÍ + Í+-ìåòãåìîãëîáèíðåäóêòàçû ýðèòðîöèòîâ, 

÷òî ïðèâîäèò ê óõóäøåíèþ êèñëîðîäñâÿçûâàþùèõ è êèñëîðîäòðàíñïîðòèðóþùèõ 

âîçìîæíîñòåé ñèñòåìû. Â ðåçóëüòàòå èçìåíåíèÿ ýòèõ ïàðàìåòðîâ ôîðìèðóþòñÿ ïà-

òîãåíåòè÷åñêèå ñòàöèîíàðíûå ñîñòîÿíèÿ íåñïåöèôè÷íîé àäàïòèâíîé êîìïåíñàöèè, 

êîòîðûå â öåëîì ïðèâîäÿò ê ñíèæåíèþ ôóíêöèîíàëüíîé ñïîñîáíîñòè ýðèòðîöèòîâ.

Êëþ÷åâûå ñëîâà: êðîâü, ãåìîãëîáèí, ÍÀÄÍ+Í+-ìåòãåìîãëîáèíðåäóêòàçà, ãëóòàòè-

îíïåðîêñèäàçà, ãëóòàòèîíðåäóêòàçà, ïåðåêèñíîå îêèñëåíèå ëèïèäîâ.

CHANGES IN THE ACTIVITY OF ENZYMES IN THE SYSTEM OF 
ANTIOXIDANT PROTECTION AND THE STATE OF NADH + Í+-

METHEMOGLOBIN REDUCTASE SYSTEM OF HEMOGLOBIN IN THE 
BLOOD OF PATIENTS WITH LUNG CANCER

YU. FEDEVYCH
Danylo Halytsky Lviv National Medical University 

Changes in the activity of enzymes in the system of antioxidant protection and the 

state of NADH + Í+-methemoglobin reductase system of hemoglobin in the blood of pa-

tients with lung cancer were investigated. In the result of investigation it was established 

that significant changes are observed both before and after the treatment of patients 

with neoplasms in the lungs. In particular, it was found that in comparison with the 

control group (donors) a significant increase in the concentration of malonic dialdehyde 

by 1,48 times was observed in the patients with lung cancer. In the postoperative period 

it has gradually decreased. Similar alterations are observed in the case of changes in the 

concentration of the nitrite anion, which it is by 1,68 times bigger in comparison with 

the control group. Most likely it is connected with the formation of a high reactivity 

intermediate compound of peroxynitrite. 

The changes in the activity of such enzymes as glutathione reductase and glutathione 

peroxidase have also been established. Thus, the activity of glutathione reductase in the 

patients increased by 5 times in comparison with the control group. It has gradually 

decreased in the postoperative period, although even on the 21st day it did not return 

to norm and exceeded the measure in the control group by 2,22 times. In the preopera-

tive period the activity of glutathione peroxidase in patients decreased by 3,43 times 

in comparison with the control group. In the postoperative period the activity of this 

enzyme has gradually increased, but has not reached the control value. The obtained 

results are indicative of the fact that the system of antioxidant protection, especially 

its glutathione component, changes its activity, which is most likely connected with the 

growth of products of lipid peroxygenation. 

During the investigation of the state of oxidation-reduction reactions in both donors 

and patients with lung cancer the changes in the activity of such an important enzyme as 

erythrocyte NADH + Í+-methemoglobin reductase were researched. This enzyme performs 
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the function of recovering hemoglobin from its met-form. Functional activity of this 

enzyme accounts for almost 80% of reduced hemoglobin. In the result of the conducted 

investigation it was observed that the activity of the enzyme decreased by 2,24 times in 

comparison with the activity in the control group. At a later stage, after the operative 

intervention, the activity of this enzyme has gradually increased. Therefore, these results 

indicate that before the operation the activity of NADH + Í+-methemoglobin reductase 

in the patients decreased, which is obviously attributable to the reduction of NADH +. 

At a later stage, in the postoperative period, the level of activity is gradually increasing, 

which is obviously attributable to the increase in recovered coenzymes. On the whole, 

decrease in activity of this enzyme can cause the accumulation of methemoglobin, which, 

in its turn, leads to the development of hypoxia and intoxication.

The obtained results are indicative of the accumulation of products of lipid peroxi-

dation in the blood serum, as well as of the increase of intensity of the processes that 

lead to their formation, and decrease in activity of antioxidant enzymes and activity of 

erythrocyte NADH + Í+-methemoglobin reductase, which causes deterioration of oxygen-

binding and oxygen-carrying capacities of the system. 

In the result of changes in these factors, pathogenetic steady states of nonspecific 

adaptive compensation are formed, which leads to the decrease in functional capacity of 

erythrocytes. The obtained results can be used for the purpose of an objective assess-

ment of structural and functional state of oxygen-binding capacities of hemoglobin and 

erythrocytes in patients under conditions of pathologies accompanied by the development 

of hypoxic states, destructive diseases, and intoxication.

Key words: blood, hemoglobin, NADH + Í+-methemoglobinreductase, glutathionep-

eroxidase, glutathione reductase, lipid peroxidation.
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Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ì. Äàíèëà Ãàëèöüêîãî

Ì³êðîôëîðà çóáíîãî íàëüîòó ïðè êàð³ºñ³

ìîëî÷íèõ çóá³â ó ä³òåé äîøê³ëüíîãî â³êó

Ñüîãîäí³ çàãàëüíî ïðèéíÿòà ìîäåëü ðîçâèòêó êàð³ºñó çóá³â, çã³äíî 
ç ÿêîþ ãîëîâíèì åò³îëîã³÷íèì ÷èííèêîì º ì³êðîôëîðà ðîòîâî¿ ïîðîæ-
íèíè, ùî çä³éñíþº êàð³ºñîãåííèé âïëèâ çà íàÿâíîñò³ ñïðèÿòëèâîãî 
ñåðåäîâèùà ³ ñóáñòðàòó – âóãëåâîä³â, çäàòíèõ ôåðìåíòóâàòèñÿ. Ïðîâ³ä-
íèì ì³êðîáíèì åò³îëîã³÷íèì ôàêòîðîì êàð³ºñó ââàæàþòü Streptococcus 
mutans, ïðîòå ìîëåêóëÿðíî-ãåíåòè÷í³ ìåòîäè äîñë³äæåííÿ âèÿâëÿþòü 
ó ñêëàä³ äåíòàëüíî¿ á³îïë³âêè äåñÿòêè âèä³â ì³êðîîðãàí³çì³â [8, 1]. Äî-
ñë³äæåíî, ùî â ä³òåé ó äåíòàëüí³é íàä’ÿñåíí³é á³îïë³âö³ ïåðåâàæàþòü 
ãðàìïîçèòèâí³ êîêè çà íàÿâíîñò³ ÿê àåðîáíî¿, òàê ³ àíàåðîáíî¿ ì³êðî-
ôëîðè [9]. Ð³çíîìàí³òòÿ âèä³â ìîæíà ïîÿñíèòè ã³ã³ºí³÷íèìè çâè÷êàìè, 
ñòàíîì çóá³â, â³êîì òà ³íøèìè ÷èííèêàìè [2].

Çã³äíî ç³ ñó÷àñíèìè äîñë³äæåííÿìè, ì³êðîá³îöåíîçè ðîòîâî¿ ïîðîæíè-
íè ³ñíóþòü ó äâîõ ôîðìàõ – ïëàíêòîíí³é, ó ðîòîâ³é ð³äèí³, äå êë³òèíè 
ì³êðîîðãàí³çì³â ³çîëüîâàí³, òà ìóêî¿äí³é – ó ñêëàä³ çóáíî¿ áëÿøêè òà íà 
ïîâåðõí³ ñëèçîâèõ. Âçàºìîä³þ÷è ì³æ ñîáîþ, óãðóïîâàííÿ áåðóòü ó÷àñòü ó 
ô³ç³îëîã³÷íèõ òà ïàòîô³ç³îëîã³÷íèõ ïðîöåñàõ ó ðîòîâ³é ïîðîæíèí³ [7, 3]. 
Äîâåäåíî [6], ùî ñêëàä ì³êðîôëîðè äåíòàëüíî¿ á³îïë³âêè ó ä³òåé ç êàð³ºñîì 
òà ç ³íòàêòíèìè çóáàìè ³ñòîòíî â³äð³çíÿºòüñÿ, òîìó ì³êðîá³îëîã³÷í³ äî-
ñë³äæåííÿ ìîæóòü ìàòè ïðîãíîñòè÷íå çíà÷åííÿ ùîäî ðîçâèòêó òà îö³íêè 
åôåêòèâíîñò³ ïðîô³ëàêòè÷íèõ çàõîä³â êàð³ºñó çóá³â ó ä³òåé.

Ìåòà äîñë³äæåííÿ – âèâ÷èòè ñòàí ì³êðîôëîðè çóáíîãî íàëüîòó ä³-
òåé ðàííüîãî â³êó çàëåæíî â³ä ³íòåíñèâíîñò³ êàð³ºñó çóá³â.

© Ñìîëÿð Í.²., Ôåäå÷êî É.Ì., Ìóñ³é-Ñåìåíö³â Õ.Ã., 2013


