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Âñòóï. Àíåì³ÿ º îäíèì ç îñíîâíèõ ñèíäðîì³â, ùî 
ïðèòàìàíí³ õðîí³÷í³é õâîðîá³ íèðîê (ÕÕÍ) íà V ñòàä³¿, 
îñîáëèâî ó ðàç³ çàñòîñóâàííÿ ä³àë³çíî¿ íèðêîâî¿ çà-
ì³ñíî¿ òåðàï³¿ (ÄÍÇÒ). Îäí³ºþ ç ïðè÷èí ðîçâèòêó àíåì³¿ 
º ãåìîë³ç âíàñë³äîê ïðÿìîãî êîíòàêòó êðîâ³ ç ÷óæîð³ä-
íèìè ïîâåðõíÿìè, ÿêèìè º êðîâîïðîâ³äíèêè, ìåìáðà-
íîãåìîä³àë³çàòîðè, òðàâìóâàííÿ åðèòðîöèò³â ðóõîìè-
ìè ÷àñòèíàìè àïàðàòó «øòó÷íà íèðêà», ä³ºþ ä³àë³çíèõ 
ðîç÷èí³â àáî ðå÷îâèíàìè, ùî âèêîðèñòîâóþòüñÿ äëÿ 
äåç³íôåêö³¿ ä³àë³çíèõ ìàøèí [1,8,10,15]. Òàêîæ ãåìî-
ë³çó åðèòðîöèò³â ó òàêèõ õâîðèõ ñóòòºâî ñïðèÿº ïîðó-
øåííÿ îáì³íó ë³ï³ä³â ìåìáðàí åðèòðîöèò³â: ¿õ ìåìá-
ðàíè ñòàþòü á³ëüø æîðñòêèìè òà âòðà÷àþòü ìåõàí³÷íó 
ñò³éê³ñòü òà øâèäøå ðóéíóþòüñÿ [3,7,12]. Âèâ÷åííÿ 
âïëèâó ãåìîä³àë³çó (ÃÄ) òà ãåìîä³àô³ëüòðàö³¿ (ÃÄÔ) 
íà ô³çèêî-õ³ì³÷í³ õàðàêòåðèñòèêè ìåìáðàí åðèòðîöè-
ò³â ï³ä âïëèâîì â³äïîâ³äíîãî âèäó ÄÍÇÒ ç ìåòîþ çà-
ïîá³ãàííÿ ãåìîë³çó ³ çìåíøåííÿ, òàêèì ÷èíîì, âèðàç-
íîñò³ àíåì³¿ – º îäíèì ç àêòóàëüíèõ ïèòàíü, âèð³øåííÿ 
ÿêîãî ñïðèÿòèìå ïîêðàùåííþ ë³êóâàííÿ òàêèõ õâîðèõ. 

Ùå îäí³ºþ ç ïðè÷èí, ùî îáóìîâëþº ãåìîë³ç åðè-
òðîöèò³â, ââàæàºòüñÿ ðîçâèòîê îêñèäàòèâíîãî ñòðåñó 
(ÎÑ) âíàñë³äîê äèñáàëàíñó ì³æ îêñèäàíòíèìè òà àíòè-
îêñèäàíòíèìè ïðîöåñàìè : ñïîñòåð³ãàºòüñÿ óðàæåííÿ 
ìåìáðàí åðèòðîöèò³â ï³ä ä³ºþ àêòèâíèõ ìåòàáîë³ò³â 
êèñíþ (ÀÌÊ) òà ë³ï³äíèõ ïåðîêñèä³â, ùî íàêîïè÷óþòü-
ñÿ â êðîâ³ õâîðèõ ïðè çíèæåíí³ åôåêòèâíîñò³ àíòèîê-
ñèäàíòíî¿ ñèñòåìè îðãàí³çìó [7,8]. Â³äîìî, ùî íàé-
á³ëüøå ÎÑ ï³ääàþòüñÿ ôîñôîë³ï³äè, ìîíîãë³öåðèäè, 
âèù³ æèðí³ êèñëîòè òà á³ëêè êë³òèííèõ ìåìáðàí [5], 
à ñõèëüí³ñòü êë³òèííèõ ìåìáðàí äî â³ëüíîðàäèêàëü-
íîãî îêèñíåííÿ (ÂÐÎ) ïîâ’ÿçàíà ç íàÿâí³ñòþ ïîäâ³é-
íèõ çâ’ÿçê³â â çàëèøêàõ æèðíèõ êèñëîò ôîñôîë³ï³ä³â 
òà SH-ãðóï, îäíîð³äí³ñòþ ñåðåäîâèùà ³ âèñîêèì âì³ñ-
òîì êèñíþ â á³ë³ï³äíîìó øàð³. Ïðîíèêàþ÷è â á³ë³ï³ä-
íèé øàð ìåìáðàí, â³ëüí³ ðàäèêàëè ³í³ö³þþòü ëàíöþ-
ãîâ³ ðåàêö³¿ îêèñíåííÿ ïðîòå¿í³â, äî ÷îãî çàëó÷àþòüñÿ 
é ã³äðîôîáí³ ä³ëÿíêè òðàíñìåìáðàííèõ á³ëê³â, ùî 
ïðèçâîäèòü äî ïîðóøåííÿ ¿õ ì³öíîñò³ ³ â³äáóâàºòüñÿ ¿õ 
ðóéíóâàííÿ [3,5,11]. Äëÿ õàðàêòåðèñòèêè åðèòðîöèò³â 
íàé÷àñò³øå âèêîðèñòîâóþòü ðåçèñòåíòí³ñòü ¿õ ìåìá-
ðàí – ñò³éê³ñòü äî ðóéíóâàííÿ ï³ä ä³ºþ ð³çíèõ ôàêòîð³â 
[8,11]. Â îñíîâ³ çì³í ðåçèñòåíòíîñò³ åðèòðîöèò³â ï³ä 
âïëèâîì ïðîöåñ³â îêèñíåííÿ ëåæàòü êîíôîðìàö³éí³ 
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ìîäèô³êàö³¿ ìàêðîìîëåêóë ³ öèòîïëàçìàòè÷íèõ ìåìá-
ðàí, ùî ïðèçâîäÿòü äî çì³í àêòèâíîñò³ ôåðìåíò³â 
åíåðãåòè÷íîãî îáì³íó, àãðåãàòíîãî ñòàíó ³ ìîá³ëüíîñò³ 
ìåìáðàííèõ ë³ï³ä³â, êîòð³ ï³ääàþòüñÿ àãðåñèâíîìó ô³-
çè÷íîìó ³ õ³ì³÷íîìó âïëèâó ïðîòÿãîì òðèâàëîãî ÷àñó. 
Îòæå, â ñòðàòåã³¿ ë³êóâàííÿ àíåì³¿ ó õâîðèõ íà ÕÕÍ VÄ 
ñòàä³¿ íåîáõ³äíî äåòàëüíå äîñë³äæåííÿ âëàñòèâîñòåé 
åðèòðîöèò³â, ¿õ ðåçèñòåíòíîñò³ ³ ìåõàí³çì³â âïëèâó 
íà íèõ îêñèäàòèâíèõ ôàêòîð³â òà ìåòîä³â ÄÍÇÒ. 

Ìåòîþ äîñë³äæåííÿ áóëî âèâ÷åííÿ ïîêàçíèê³â 
ÎÑ òà ðåçèñòåíòíîñò³ åðèòðîöèò³â ó õâîðèõ íà ÕÕÍ 
V ñòàä³¿ ç àíåì³ºþ, ÿê³ ë³êóâàëèñÿ ÃÄ àáî ÃÄÔ. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ï³ä ñïîñòåðåæåí-
íÿì ïåðåáóâàëî 28 õâîðèõ íà ÕÕÍ V ñòàä³¿: 14 õâîðèõ 
ë³êóâàëèñÿ ìåòîäîì ÃÄÔ (ãðóïà ²) òà 14 õâîðèõ – ÃÄ 
(ãðóïà ²²). Âèðàçí³ñòü àíåì³¿ ó õâîðèõ âñòàíîâëþâàëè 
çã³äíî ç êðèòåð³ÿìè KDIGO (2012). Êîíòðîëüíó ãðóïó 
ñêëàëè ç 30 ïðàêòè÷íî çäîðîâèõ îñ³á òîãî æ â³êó òà ñòàò³. 

Ï³ä ÷àñ äîñë³äæåííÿ âñ³ì õâîðèì âèêîíóâàëèñÿ 
çàãàëüíîêë³í³÷í³, á³îõ³ì³÷í³ òà ³íñòðóìåíòàëüí³ ìåòîäè 
îáñòåæåííÿ. Äîäàòêîâî â êðîâ³ õâîðèõ âèçíà÷àëè ìàð-
êåðè ÎÑ: âì³ñò âòîðèííèõ ïðîäóêò³â ïåðåêèñíîãî îêèñ-
íåííÿ ë³ï³ä³â (ÏÎË) – ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) 
ñèðîâàòêè êðîâ³ (ÌÄÀñ) òà åðèòðîöèò³â (ÌÄÀå); âì³ñò 
â ñèðîâàòö³ êðîâ³ á³ëê³â àíòèîêñèäàíò³â öåðóëîïëàçì³-
íó (ÖÏñ), òðàíñôåðèíó (ÒÐñ), ð³âåíü SH-ãðóï, àêòèâ-
í³ñòü êàòàëàçè (ÊÒñ), ñóìàðíó ïåðîêñèäàçíó àêòèâ-
í³ñòü åðèòðîöèò³â (ÑÏÀå). Íà îñíîâ³ îòðèìàíèõ äàíèõ 
äëÿ îö³íêè ³íòåíñèâíîñò³ ÎÑ ðîçðàõîâóâàëè ³íäåêñ ÎÑ 
(²ÎÑ)[ [4]. Ïàðàëåëüíî âèçíà÷àëè ïåðåêèñíó ðåçèñ-
òåíòí³ñòü åðèòðîöèò³â òà ïðîíèêí³ñòü åðèòðîöèòàðíèõ 
ìåìáðàí (ÏÅÌ) [9]. Ñòàòèñòè÷íèé àíàë³ç îòðèìàíèõ 
ðåçóëüòàò³â ïðîâîäèëè çà äîïîìîãîþ êîìï’þòåðíèõ 
ïðîãðàì Microsoft Excel 5,0 ³ MedStat.

Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ. 
Â õîä³ äîñë³äæåíü áóëî â³äçíà÷åíî, ùî ó õâîðèõ íà ÕÕÍ 
VÄ ñòàä³¿ çá³ëüøóºòüñÿ âì³ñò ÌÄÀñ ìàéæå ó 3,3 ðàçè 
(ð < 0,001) òà ÌÄÀå â 1,2 ðàçè (ð < 0,05) ïîð³âíÿíî ç ïî-
êàçíèêàìè ïðàêòè÷íî çäîðîâèõ îñ³á (ðèñ.). 

Ïîðÿä ç ï³äâèùåííÿì ïðîäóêö³¿ ÌÄÀ â êðîâ³ õâîðèõ 
íà ÕÕÍ VÄ ñòàä³¿ ïîð³âíÿíî ç ïîêàçíèêàìè ó ïðàêòè÷íî 
çäîðîâèõ îñ³á çíèæóºòüñÿ âì³ñò ÒÐñ íà 34 % (ð < 0,01), 
SH ãðóï – íà 31 %(ð < 0,02) òà ÑÏÀå íà 41 % (ð < 0,01). 
Ö³ çì³íè àíòèîêñèäàíòíèõ ïîêàçíèê³â ïåâíîþ ì³ðîþ 
îáóìîâëþþòü àêòèâí³ñòü ÎÑ, îñê³ëüêè ¿õ íåäîñòàòí³ñòü 
ñïðèÿº ï³äòðèìàííþ âèñîêî¿ êîíöåíòðàö³¿ ïðîäóêò³â 
ïåðîêñèäàö³¿ òà ¿õ ïðîëîíãîâàíîìó íåãàòèâíîìó âïëè-
âó íà îðãàí³çì ó ö³ëîìó, ùî ï³äòâåðäæóºòüñÿ âèñîêè-
ìè ïîêàçíèêàìè ²ÎÑ: ï³äâèùåííÿ ³íòåíñèâíîñò³ ÎÑ 
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ìàéæå â 5,6 ðàçà â ñèðîâàòö³ êðîâ³ òà â 2,5 ðàçè â åðè-
òðîöèòàõ (ðèñ.). 

Â³äîìî, ùî ñàìå ÖÏ òà ÒÐ â³ä³ãðàþòü îñîáëèâó ðîëü 
ÿê îñíîâí³ àíòèîêñèäàíòí³ ìàðêåðè ñèðîâàòêè êðîâ³, 
áåðó÷è ó÷àñòü ó îêèñíåíí³ Fe 2 + òà éîãî çíåøêîäæåí-
í³, à òàêîæ ö³ á³ëêè âèñòóïàþòü ÿê îñíîâí³ ìåòàáîë³òè 
åðèòðîïîåçó. Â ñâîþ ÷åðãó, ¿õ íåäîñòàòí³ñòü ïðèçâî-
äèòü äî íàêîïè÷åííÿ äîñèòü ïîòóæíîãî îêñèäàíòà – 
Fe2 + â êðîâ³, ùî ³í³ö³þº ðîçâèòîê ÂÐÎ [2,11], à çà óìîâ 
ùå é íåäîñòàòíüîãî àíòèïåðîêñèäíîãî çàõèñòó (êîí-
ñòàòîâàíå íàìè çíèæåííÿ ÑÏÀå) öå ïðèçâîäèòü äî ïå-
ðîêñèäíîãî óøêîäæåííÿ êîìïîíåíò³â ìåìáðàí åðèòðî-
öèò³â, äî ¿õ ðóéíàö³¿ ç³ çá³ëüøåííÿì â³äñîòêó ãåìîë³çó 
[6,8] Öåé ôàêò òàêîæ ï³äòâåðäæóºòüñÿ çì³íàìè ïîêàç-
íèê³â àêòèâíîñò³ ãåìîë³òè÷íèõ ïðîöåñ³â (ðèñ.).

ßê äîêàç âèùåñêàçàíîãî, ó õâîðèõ ³ç ÕÕÍ VÄ ñòàä³¿ 
áóëî êîíñòàòîâàíî çíèæåííÿ ïåðåêèñíî¿ ðåçèñòåíò-
íîñò³ íà 60 % (ð < 0,01), çá³ëüøåííÿ ìàéæå âäâ³÷³ ïåðå-
êèñíîãî ãåìîë³çó òà â 1,3 ðàçà (ð < 0,05) ÏÅÌ, à òàêîæ 
àêòèâíîñò³ ÊÒñ ó 4,6 ðàçà (ð < 0,001) ïîð³âíÿíî ç ïîêàç-
íèêàìè ïðàêòè÷íî çäîðîâèõ îñ³á (ðèñ.). 

Êàòàëàçà º ôåðìåíòîì àíòèïåðîêñèäíîãî çàõèñ-
òó, ì³ñòèòüñÿ ïåðåâàæíî â åðèòðîöèòàõ (â ñèðîâàòö³ 
êðîâ³ â íåçíà÷í³é ê³ëüêîñò³) ³ â³äïîâ³äàº çà óòèë³çàö³þ 
ïåðîêñèäó âîäíþ, ïðîòå, íà íàøó äóìêó, âèÿâëåíå ï³ä-
âèùåííÿ ¿¿ àêòèâíîñò³ ó äàíîìó âèïàäêó îáóìîâëåíî, 
ïåðø çà âñå, íàäõîäæåííÿì ñàìå åðèòðîöèòàðíî¿ êà-
òàëàçè äî ñóäèííîãî ðóñëà óíàñë³äîê ðóéíóâàííÿ åðè-
òðîöèò³â. Òîìó äàíèé ïîêàçíèê ìîæå âèêîðèñòîâóâà-
òèñÿ ÿê îäèí ³ç ìàðêåð³â ðåçèñòåíòíîñò³ åðèòðîöèò³â, 
à éîãî çá³ëüøåííÿ ìîæå ïîñèëþâàòè ãåìîë³ç (ðèñ.).

Àíàë³ç ïîêàçíèê³â ÎÑ òà ðåçèñòåíòíîñò³ åðèòðîöè-
ò³â çàëåæíî â³ä âèäó ÄÍÇÒ âèÿâèâ ð³çíó ñïðÿìîâàí³ñòü 
çì³í ïîêàçíèê³â òà ¿õ ³íòåíñèâí³ñòü (òàáë.). Òàê, äëÿ ïà-
ö³ºíò³â, ÿê³ ë³êóþòüñÿ ìåòîäîì ÃÄÔ (ãðóïà ²) õàðàêòåðíå 
çðîñòàííÿ ÌÄÀñ â 3,9 ðàçà (ð < 0,01) íà ôîí³ çíèæåííÿ 
âì³ñòó ÖÏñ íà 24 % (ð < 0,05), ÒÐñ – íà 33 % (ð < 0,01), 
SH-ãðóï – íà 25 % (ð < 0,02), ÑÏÀå – íà 51 % (ð < 0,01) 

ïîð³âíÿíî ç ãðóïîþ ïðàêòè÷íî çäîðîâèõ îñ³á. Ïîêàç-
íèêè ²ÎÑñ çá³ëüøóâàëèñÿ â 5,4 ðàçà (ð < 0,01), ²ÎÑå – 
â 2,6 ðàçà. Ïðè öüîìó ïîêàçíèêè ïåðåêèñíîãî ãåìîë³çó 
â 3,6 ðàçà (ð < 0,05) òà ÊÒñ â 3,5 ðàçà (ð < 0,02) ïåðåâèùó-
âàëè ïîêàçíèêè ó ãðóï³ ïðàêòè÷íî çäîðîâèõ îñ³á. 

Êîðåëÿö³éíèé àíàë³ç âèÿâèâ ïðÿìèé êîðåëÿòèâíèé 
çâ’ÿçîê ì³æ ïîêàçíèêàìè ÏÅÌ òà ³íòåíñèâí³ñòþ ÎÑ 
(r = 472, ð = 0,03) òà çâîðîòíèé çâ’ÿçîê ì³æ ïîêàçíèêà-
ìè ÏÅÌ òà ð³âíåì ÒÐ (r = -0,391, ð = 0,04), ð³âíåì SH-
ãðóï (r = -0,799, ð < 0,01) òà ÑÏÀ åðèòðîöèò³â (r = -0,338, 
ð = 0,03). Ïîêàçíèêè ïåðåêèñíîãî ãåìîë³çó çâîðîòíüî 
êîðåëþâàëè ç ïîêàçíèêàìè âì³ñòó ÖÏñ (r = -0,305, 
ð = 0,042) òà ð³âíåì SH-ãðóï (r = – 0,524, ð = 0,02). 

Ïîð³âíÿííÿ ïîêàçíèê³â ÎÑ ïîì³æ õâîðèõ ç ãðóï ² òà 
²², âñòàíîâëåíî, ùî äëÿ ïàö³ºíò³â ç ãðóïè ²² õàðàêòåðí³ 
íàéá³ëüø âèñîê³ âåëè÷èíè ïåðåêèñíîãî ãåìîë³çó, ïî-
êàçíèêà ÏÅÌ òà àêòèâíîñò³ ÊÒñ, ïîðÿä ç á³ëüø âèðàç-
íèì çíèæåííÿì ïîêàçíèê³â âì³ñòó ÒP, SH-ãðóï òà ÑÏÀå 
ïîð³âíÿíî ç ïîêàçíèêàìè õâîðèõ ãðóïè ², ÿê³ îòðèìó-
þòü ÃÄÔ (òàáë.). Òàêîæ äëÿ õâîðèõ, ÿê³ ë³êóþòüñÿ ÃÄ, 
õàðàêòåðí³ íàéâèù³ ïîêàçíèêè âì³ñòó ÌÄÀå òà âåëè÷è-
íè ²ÎÑ, ïåðåêèñíîãî ãåìîë³çó òà ÏÅÌ. 

Îòæå, äëÿ õâîðèõ, ÿê³ îòðèìóâàëè ÃÄÔ, õàðàêòåðí³ 
íàéíèæ÷³ ïîêàçíèêè ãåìîë³çó åðèòðîöèò³â òà ìåíø âè-
ðàçí³ íåãàòèâí³ çì³íè ïîêàçíèê³â ÀÎÇ, ùî ìîæå áóòè 
ïîÿñíåíî ïåðåâàãàìè ÃÄÔ, à ñàìå êðàùèì âèäàëåí-
íÿì ñåðåäíüîìîëåêóëÿðíèõ ñïîëóê, çîêðåìà çàïàëü-
íèõ òà ãîñòðîôàçíèõ ïðîòå¿í³â, çìåíøåííÿì ÿâèù 
õðîí³÷íîãî çàïàëåííÿ, ïîçèòèâíèì âïëèâîì íà ì³íå-
ðàëüíèé îáì³í, ïîçèòèâíèì âïëèâîì íà åðèòðîïîåç 
³ ë³ï³äíèé ïðîô³ëü ïàö³ºíò³â [1,12]. 

Äëÿ õâîðèõ, ÿê³ îòðèìóâàëè ÃÄ, õàðàêòåðíà íàéâèùà 
àêòèâí³ñòü ïðîöåñ³â ÏÎË â åðèòðîöèòàõ òà íàéâèùèé 
ñòóï³íü ¿õ ãåìîë³çó. Âèñîêà àêòèâí³ñòü ÎÑ ó òàêèõ õâîðèõ 
ïðèçâîäèòü äî ôîðìóâàííÿ íàäëèøêó ê³íöåâèõ ïðîäóê-
ò³â ãë³êîë³çó ³ ë³ïîïåðîêñèäàö³¿, äî àêòèâàö³¿ íåéòðîô³-
ë³â òà íàäì³ðíî¿ ïðîäóêö³¿ ÀÌÊ ïðè êîíòàêò³ ç ä³àë³çíîþ 
ìåìáðàíîþ [12,15]. Êð³ì òîãî, ñèñòåìíà ãåïàðèí³çàö³ÿ 
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ï³ä ÷àñ ÃÄ âèêëèêàº ðîçùåïëåííÿ æèðíèõ êèñëîò, ùî 
â óìîâàõ àãðåñ³¿ ÀÌÊ ï³äòðèìóº ëàíöþãîâ³ ðåàêö³¿ ÂÐÎ 
òà ñïðàâëÿº äåòåðãåíòíó ä³þ íà ìåìáðàíè åðèòðîöèò³â. 
Àêòèâ³çàö³ÿ îêñèäàòèâíèõ ïðîöåñ³â òà íàãðîìàäæåííÿ 
ÌÄÀ, äëÿ ÿêîãî õàðàêòåðí³ ìåìáðàíîòîêñè÷í³ âëàñòè-
âîñò³, ïðèçâîäèòü äî ïîøêîäæåííÿ ìåìáðàííèõ á³ëê³â, 
çîêðåìà äî ³íàêòèâàö³¿ SH-ãðóï á³ëê³â, ùî ïðè ïðèºä-
íàíí³ êàðáîí³ëüíî¿ ãðóïè äî á³ëê³â ñòèìóëþº êàðáîí³ëü-
íèé ñòðåñ ³ äèñôóíêö³þ ìåìáðàííèõ ïðîòå¿í³â [13,14]. 
äî òîãî æ, çíèæåíèé ð³âåíü ÖÏ òà ÒÐ ó òàêèõ ïàö³ºíò³â 
ñïðèÿº íåäîñòàòí³é óòèë³çàö³¿ Fe2 + â åðèòðîïîåç³, à â³ëü-
íî öèðêóëþþ÷è â êðîâ³ âîíî çäàòíå ³í³ö³þâàòè ëàíöþ-
ãîâ³ îêèñí³ ðåàêö³¿, ñïðèÿþ÷è ðóéíóâàííÿ åðèòðîöèò³â 
òà ïîãëèáëþþ÷è òàêèì ÷èíîì àíåì³þ [5,8]. 

Ï³äâèùåíèé ãåìîë³ç åðèòðîöèò³â òàêîæ, â ïåâí³é 
ì³ð³, ïîâ’ÿçàíèé ç àêòèâàö³ºþ ïðîöåñ³â ÏÎË. Çàçâè÷àé, 
ñòàá³ëüí³ñòü ìåìáðàí åðèòðîöèò³â ðîçãëÿäàºòüñÿ ÿê ¿õ 
çäàòí³ñòü ïðîòèñòîÿòè çíà÷í³é äåôîðìàö³¿, à ìîäèô³-
êóþ÷èì ôàêòîðîì ìîæå áóòè ÏÎË â ìåìáðàíàõ åðè-
òðîöèò³â. Çá³ëüøåííÿ ïðîäóêö³¿ ïåðîêñèäíèõ ñïîëóê 
ñóïðîâîäæóºòüñÿ çíèæåííÿì çäàòíîñò³ ìåìáðàí åðè-
òðîöèò³â äî äåôîðìàö³¿, ùî îáóìîâëåíî ìîäèô³êàö³ºþ 
â’ÿçêîåëàñòè÷íèõ âëàñòèâîñòåé ¿õ á³ëêîâîãî öèòîñêå-
ëåòà [11,16]. Âòîðèíí³ ïðîäóêòè ÏÎË çäàòí³ âèêëèêàòè 
ï³äâèùåííÿ â’ÿçêîñò³ öèòîçîëÿ åðèòðîöèò³â çà ðàõóíîê 
óòâîðåííÿ çøèâîê ç á³ëêàìè òà ³íàêòèâàö³¿ ¿õ SH-ãðóï, 
çíèæåííÿ ñòóïåíÿ íàñè÷åíîñò³ æèðíèõ êèñëîò òà ïðè-
ãí³÷åííÿ îêèñëþâàëüíîãî ôîñôîðèëþâàííÿ. Äî òîãî æ, 
áóëî ïîêàçàíî, ùî â ðåçóëüòàò³ êîíòàêòó êðîâ³ ç ìåìá-
ðàíîþ ä³àë³çàòîðà â³äáóâàºòüñÿ àêòèâàö³ÿ ³ìóíîêîìïå-
òåíòíèõ êë³òèí ³ âèâ³ëüíåííÿ ç íèõ ïðîçàïàëüíèõ ñóá-
ñòàíö³é, ùî òàêîæ ò³ñíî ïîâ’ÿçàíî ç ÎÑ [15].

Òàêèì ÷èíîì, âèñîêà àêòèâí³ñòü ÎÑ â îðãàí³çì³ õâî-
ðèõ íà ÕÕÍ V ñòàä³¿, ÿê³ çíàõîäÿòüñÿ íà ë³êóâàíí³ ÃÄ ÷è 
ÃÄÔ ìàº ïðÿìèé âçàºìîçâ’ÿçîê ç àíåì³ºþ. Âèÿâëåíî 
çâîðîòí³é êîðåëÿòèâíèé çâ`ÿçîê ì³æ ð³âíÿìè ãåìî-
ãëîá³íó òà ÌÄÀ êðîâ³ (r = -0,307, ð = 0,042) òà ïðÿìèé 
ç ð³âíåì SH-ãðóï (r = 0,429, ð = 0,04). Ðîçâèòîê ïàòîëîã³¿ 
ìåìáðàíè åðèòðîöèò³â âåäå â ñâîþ ÷åðãó äî òîãî, ùî 
âîíè íå ñïðàâëÿþòüñÿ ç³ ñâîºþ ãîëîâíîþ ôóíêö³ºþ: 
âèá³ðêîâî ïðîïóñêàòè â êë³òèíó îäí³ ³îíè ³ ìîëåêóëè 
³ çàòðèìóâàòè ³íø³. Îñîáëèâî öå ïðîäåìîíòñòðîâàíî 
ó ãðóï³ õâîðèõ, ÿê³ ë³êóâàëèñÿ ÃÄ. 

Âèñíîâêè. Ó õâîðèõ íà ÕÕÍ, ÿê³ ë³êóâàëèñÿ ÃÄ 
÷è ÃÄÔ, àíåì³ÿ ïîâ’ÿçàíà, ó òîìó ÷èñë³, ³ç âèñîêîþ 
àêòèâí³ñòþ ÎÑ: êîíñòàòîâàíå çðîñòàííÿ âì³ñòó ÌÄÀ 

³ ²ÎÑ òà çíèæåííÿ á³ëüøîñò³ ïîêàçíèê³â ÀÎÇ (ÖÏñ, ÒÐñ, 
SH-ãðóï, ÑÏÀå), ùî ñóïðîâîäæóºòüñÿ çðîñòàííÿì ïå-
ðåêèñíîãî ãåìîë³çó òà ÏÅÌ. 

Äëÿ õâîðèõ, ÿê³ îòðèìóþòü ÃÄÔ, õàðàêòåðí³ íèæ÷³ 
ïîêàçíèêè ãåìîë³çó òà âèùà ñòóï³íü çàõèñòó åðèòðî-
öèò³â, à äëÿ õâîðèõ, ÿê³ ë³êóþòüñÿ ÃÄ, – âèù³ ïîêàçíèêè 
²ÎÑ, ùî ïîòðåáóº âèð³øåííÿ ïèòàííÿ ïðî ïðèçíà÷åí-
íÿ àíòèîêñèäàíòíèõ òà/àáî ìåìáðàíîñòàá³ë³çóþ÷èõ 
ë³êàðñüêèõ çàñîá³â.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü ïîâ’ÿçàí³ 
ç âèâ÷åííÿì ìåõàí³çì³â «ö³ëüîâîãî» îêèñíåííÿ á³ëêî-
âèõ òà ë³ï³äíèõ êîìïîíåíò³â ìåìáðàí åðèòðîöèò³â äëÿ 
çìåíøåííÿ ñòóïåíÿ âèðàçíîñò³ àíåì³¿ ó ðàç³ çàñòîñó-
âàííÿ ð³çíèõ âèä³â ÄÍÇÒ. 

Òàáëèöÿ 

Ïîêàçíèêè ÎÑ òà ðåçèñòåíòíîñò³ 
åðèòðîöèò³â â êðîâ³ õâîðèõ 

ïðè ë³êóâàíí³ ìåòîäàìè ÄÍÇÒ (Ì ± m)

Ïîêàçíèê
Çäîðîâ³

Õâîð³ íà ÕÕÍ V ñò.

ÃÄÔ ÃÄ

1 2 3

ÌÄÀñ 
(ìêìîëü/ë)

119 ± 22
463 ± 23

ð
1-2 

< 0,01
477 ± 24

ð
1-3 

< 0,01

ÒÐñ 
(óì.îä)

5,14 ± 0,31
3,14 ± 0,24
ð

1-2 
< 0,01

2,47 ± 0,19
ð

1-3
 < 0,01

ÖÏñ 
(ã/ë)

0,218 ± 0,015
0,167 ± 0,02
ð 

1-2
 < 0,05

0,177 ± 0,015
 ð 

1-3
 < 0,05

ÊÒñ 
(ìêàò/ë)

16,6 ± 1,5
58,1 ± 11
ð

1-2
 < 0,01

72,08 ± 12 
ð

1-3
 < 0,01

SH-ãðóïè 
(ììîëü/ë)

2,22 ± 0,1
1,66 ± 0,25
 ð

1-2 
< 0,02

1,38 ± 0,29
ð

1-3 
< 0,02

ÑÏÀå
ìêìîëü/ãîä/ã Íâ

457 ± 19
228 ± 38

ð
1-2 

< 0,01
211 ± 41 

ð
1-3 

< 0,01

ÌÄÀå 
(ìêìîëü/ë)

549 ± 31 586 ± 25
658 ± 29 

ð
1-3 

< 0,05
ð

2-3 
< 0,05

ÏÅÌ % 10 ± 1 12,9 ± 1,5 16,58 ± 2,9

²ÎÑñ 1,04 ± 0,041 5,4 ± 0,25 5,9 ± 0,23

²ÎÑå 1,06 ± 0,05 2,6 ± 0,36 2,56 ± 0,45
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ÏÎÊÀÇÍÈÊÈ ÎÊÑÈÄÀÒÈÂÍÎÃÎ ÑÒÐÅÑÓ ÒÀ ÐÅÇÈÑÒÅÍÒÍÎÑÒ² ÅÐÈÒÐÎÖÈÒ²Â Ó ÕÂÎÐÈÕ Ç ÕÐÎÍ²×-

ÍÎÞ ÕÂÎÐÎÁÎÞ ÍÈÐÎÊ VD ÑÒÀÄ²¯
Êîðîëü Ë.Â., Ìèãàëü Ë.À., Ïîïîâà Î.Ñ., Áóðäåéíà Î.Â., Êîëåñíèê Ì.Î.
Ðåçþìå. Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ âïëèâó îêñèäàòèâíûõ ôàêòîð³â ³ ìåòîä³â ä³àë³çíî¿ íèðêîâî¿ çàì³ñíî¿ 

òåðàï³¿ (ÄÍÇÒ) íà ïîêàçíèêè îêñèäàòèâíîãî ñòðåñó (ÎÑ) òà ðåçèñòåíòíîñò³ åðèòðîöèò³â ó 28 õâîðèõ ç ÕÕÍ VÄ, ÿê³ 
ë³êóâàëèñÿ ìåòîäîì ãåìîäèàôèëüòðàöèè (ÃÄÔ) àáî ãåìîä³àë³çîì (ÃÄ). Âñòàíîâëåíî, ùî äëÿ ÃÄ-ïàö³ºíò³â õàðàê-
òåðí³ á³ëüø âèñîêèé ð³âåíü ìàëîíîâîãî ä³àëüäåã³äó â åðèòðîöèòàõ, ïåðåêèñíîãî ãåìîë³çó, ïðîíèêíîñò³ åðèòðî-
öèòàðíèõ ìåìáðàí ³ àêòèâíîñò³ êàòàëàçè â ñèðîâàòö³ êðîâ³, ïîðÿä ç á³ëüø âèðàçíèì çíèæåííÿì ð³âíÿ òðàíñôå-
ðèíó, SH-ãðóï ³ ïåðîêñèäàçíî¿ àêòèâíîñò³ åðèòðîöèò³â ó ïîð³âíÿíí³ ç ïîêàçíèêàìè ó õâîðèõ ÃÄÔ. Òàêèì ÷èíîì, 
ó õâîðèõ íà ÕÕÍ VÄ, ÿê³ îòðèìóþòü ë³êóâàííÿ ÃÄ ÷è ÃÄÔ àíåì³ÿ, ïîâ’ÿçàíà ç âèñîêîþ àêòèâí³ñòþ ÎÑ ³ çðîñòàí-
íÿì ñòóïåíÿ ãåìîë³çó. Ö³ çì³íè îáóìîâëåí³ ìåòîäèêàìè ÄÍÇÒ: äëÿ õâîðèõ, ÿê³ îòðèìóþòü ÃÄÔ, õàðàêòåðí³ íèçüê³ 
ïîêàçíèêè ãåìîë³çó ³ íàéâèùà ñòóï³íü çàõèñòó åðèòðîöèò³â, à äëÿ ÃÄ-ïàö³ºíò³â – âèñîê³ ïîêàçíèêè ÎÑ.

Êëþ÷îâ³ ñëîâà: õðîí³÷íà õâîðîáà íèðîê, îêñèäàòèâíèé ñòðåñ, ðåçèñòåíòí³ñòü åðèòðîöèò³â, íèðêîâà çàì³ñíà 
òåðàï³ÿ.
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Ðåçþìå Öåëüþ ðàáîòû áûëî èçó÷åíèå âëèÿíèÿ îêñèäàòèâíûõ ôàêòîðîâ è ìåòîäîâ äèàëèçíîé ïî÷å÷íî-

çàìåñòèòåëüíîé òåðàïèè (ÄÏÇÒ) íà ïîêàçàòåëè îêñèäàòèâíîãî ñòðåññà (ÎÑ) è ðåçèñòåíòíîñòè ýðèòðîöèòîâ 
ó 28 áîëüíûõ ñ ÕÁÏ VÄ, êîòîðûå ëå÷èëèñü ìåòîäîì ãåìîäèàôèëüòðàöèè (ÃÄÔ) èëè ãåìîäèàëèçîì (ÃÄ). Óñòàíîâ-
ëåíî, ÷òî äëÿ ÃÄ-ïàöèåíòîâ õàðàêòåðíû áîëåå âûñîêèé óðîâåíü ìàëîíîâîãî äèàëüäåãèäà â ýðèòðîöèòàõ, ïåðå-
êèñíîãî ãåìîëèçà, ïðîíèöàåìîñòè ýðèòðîöèòàðíûõ ìåìáðàí è àêòèâíîñòè êàòàëàçû â ñûâîðîòêå êðîâè, íàðÿäó 
ñ áîëåå îò÷åòëèâûì ñíèæåíèåì óðîâíÿ òðàíñôåððèíà, SH-ãðóïï è ïåðîêñèäàçíîé àêòèâíîñòè ýðèòðîöèòîâ ïî 
ñðàâíåíèþ ñ ïîêàçàòåëÿìè ó áîëüíûõ ÃÄÔ. Òàêèì îáðàçîì, ó áîëüíûõ ÕÁÏ VÄ, ïîëó÷àþùèõ ëå÷åíèå ÃÄ èëè ÃÄÔ 
àíåìèÿ, ñâÿçàíà ñ âûñîêîé àêòèâíîñòüþ ÎÑ è ðîñòîì ñòåïåíè ãåìîëèçà. Ýòè èçìåíåíèÿ îáóñëîâëåíû ìåòîäè-
êàìè ÄÏÇÒ: äëÿ áîëüíûõ, ïîëó÷àþùèõ ÃÄÔ, õàðàêòåðíû íèçêèå ïîêàçàòåëè ãåìîëèçà è ñàìàÿ âûñîêàÿ ñòåïåíü 
çàùèòû ýðèòðîöèòîâ, à äëÿ ÃÄ-ïàöèåíòîâ – âûñîêèå ïîêàçàòåëè ÎÑ.

Êëþ÷åâûå ñëîâà: õðîíè÷åñêàÿ áîëåçíü ïî÷åê, îêñèäàòèâíûé ñòðåññ, ðåçèñòåíòíîñòü ýðèòðîöèòîâ, ïî÷å÷-
íîçàìåñòèòåëüíàÿ òåðàïèÿ.
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Markers of Oxidative Stress and Resistance of Erythrocytes in Patients with Chronic Kidney Disease 

Stage VD
Korol L., Migal L., Popova O.S., Burdeyna O.V., Kolesnyk M.
Abstract. The object was to study the effect of oxidative factors and methods of renal replacement therapy (RRT) 

on indices of oxidative stress (OS) and resistance of red blood cells in patients with chronic kidney disease stage V (CKD 
VD) and anemic syndrome.
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Material and methods. The study involved 28 patients with CKD VD: 14 patients were treated by hemodiafiltra-
tion (HDF) and 14 patients by hemodialysis (HD). The severity of anemia was assessed according to the KDIGO (2012) 
criteria. The control group consisted of 30 healthy people of the same age and sex. Along with the standard diagnostic 
methods, we defined the content of malonic dialdehyde in serum (MDAs) and in erythrocytes (MDAe), the content 
of ceruloplasmin (CPs), transferrin (TRs), SH-groups and catalase activity (CTs) in the blood serum, the OS index (OSI) 
in the blood serum and erythrocytes, the total peroxidase activity (TPA) in erythrocytes, peroxide resistance of red blood 
cells and erythrocyte membrane permeability (EMP). Statistical analysis was performed using the programs Microsoft 
Excel 5,0 and MedStat.

Results. It has been stated that in the CKD VD patients against the rates in control group the MDAs content in-
creased by 3.3 times (ð < 0.01) and MDAe – 1.2 times (ð < 0.05), TRs content reduced by 34 % (ð < 0,01), SH-groups – 
by 31 % (ð < 0.02) and TPA in erythrocytes – by 41 % (ð < 0.01), markers of peroxide resistance -by 60 %; 4.6 times 
(ð < 0.001) increased CTs activity, 5.65 times (ð < 0.001) – OSI in serum and 2.5 times (ð < 0,05) – OSI in erythrocyte; 
2 times (ð < 0.02) grew peroxide hemolysis and 1.3 times (ð < 0.05) – EMP. These changes determine antioxidant ac-
tivity of OS performance since their failure helps to maintain a high concentration of peroxidation products and their 
prolonged negative influence on an organism as a whole, as evidenced by significantly high levels of IOS and correlated 
with the growth rate of hemolysis. The analysis (depending on the RRT modality) showed that the patients treated by 
HDF had typical MDAs increase by 3.9 times (ð < 0.01) on a background of CPs by 24 %(ð < 0.05), TRs – 33 %(ð < 0.01), 
SH-groups – 25 %(ð < 0.02), TPA in erythrocytes – 51 % (ð < 0.01), the increase in serum OSI – 5.4 times (ð < 0.001) 
and 2.6 times (ð < 0.02) in erythrocytes, peroxide resistance – by 3.6 times (ð < 0.02) and CTs activity by 3.5 times 
(ð < 0.01) against the rates in control group. The patients treated by HD-group were characterized by the highest value 
of MDAe, OSI, peroxide hemolysis and CTs, along with more expressed decrease of indices TRs, SH-group in the blood 
serum and TPA in erythrocytes compared with rates in patients with HDF. Therefore, for patients receiving HDF, typi-
cal lowest erythrocyte hemolysis and less expressive changes of antioxidant protection, which can be explained by 
the advantages of HDF, namely better indication of medium molecular compounds, including inflammatory proteins, 
reduction of chronic inflammation, the positive effects on mineral metabolism, positive impact on erythropoiesis and 
lipid profile of patients with CKD VD. High activity of OS in HD-patients leads to the formation of excess end prod-
ucts of glycolysis and lipid peroxidation, the activation of neutrophils and excessive production of MDA in contact with 
the dia lysis membrane.

Conclusion. Thus, in patients with CKD VD, who had HD or HDF an anemic syndrome was associated with high OS 
activity and the increased degree of hemolysis. These changes are stipulated by RRT methods: for patients receiving 
HDF were typical the lowest rates of hemolysis and the highest degree of antioxidant protection for erythrocytes, and 
for patients treated with HD – the highest OS, which requires the addition of an antioxidant, membrane-stabilizing and 
anti-anemic preparations.

Keywords: chronic kidney disease, oxidative stress, resystentance erythrocyte, renal replacement therapy.
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