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Äàíå äîñë³äæåííÿ º ôðàãìåíòîì íàóêîâî-äî-
ñë³äíî¿ ðîáîòè «Åêñïåðèìåíòàëüíå îá´ðóíòóâàííÿ 
ïðîãíîçó íåáåçïåêè òà êîðåêö³¿ ñòðóêòóðíî-ïàòîãå-
íåòè÷íèõ ïîðóøåíü â îðãàí³çì³ â ïðîáëåì³ ðîçðîáêè 
ã³ã³ºí³÷íèõ íîðìàòèâ³â ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí 
äëÿ âîäè âîäîéì» (ðåºñòðàö³éíèé ¹ 0115U000233), 
ÿêà âèêîíóºòüñÿ â Õàðê³âñüêîìó íàö³îíàëüíîìó ìå-
äè÷íîìó óí³âåðñèòåò³ çà çàìîâëåííÿì ÌÎÇ Óêðà¿íè.

Âñòóï. Íà ñó÷àñíîìó åòàï³ ã³ã³ºí³÷íà ðåãëàìåí-
òàö³ÿ õ³ì³÷íèõ ðå÷îâèí ó âîä³ âîäîéì íåìîæëèâà áåç 
ðîçêðèòòÿ ìåõàí³çì³â ¿õ á³îëîã³÷íî¿ ä³¿, ïàòîãåíåçó ³í-
òîêñèêàö³¿, òîêñèêîê³íåòèêè ³ òîêñèêîäèíàì³êè [1,2,3].

Îñíîâíèì îðãàíîì, ùî ï³ääàºòüñÿ âïëèâó ÷óæî-
ð³äíèõ õ³ì³÷íèõ ðå÷îâèí º, ïåðø çà âñå, ïå÷³íêà [4]. Çà 
äàíèìè íàóêîâî¿ ë³òåðàòóðè, äîñèòü çíà÷íà ê³ëüê³ñòü 
õ³ì³÷íèõ ðå÷îâèí º ãåïàòîòîêñè÷íèìè [5,6]. 

Ìåòà ðîáîòè — îáãðóíòóâàííÿ íåîáõ³äíîñò³ 
êîìïëåêñíîãî ï³äõîäó äî âèâ÷åííÿ ìåòàáîë³çìó ïî-
âåðõíåâî-àêòèâíèõ ðå÷îâèí.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ó ðîáîò³ âèêî-
ðèñòàíî õ³ì³÷íî ÷èñò³ çðàçêè ðå÷îâèí ÏÎÅ-Ëï-2102 
– ïîë³îêñèïðîï³ëåíãë³êîëü, ÏÎÅ-Ëï-3603-2-12 – ïîë³-
îêñèïðîï³ëåíîêñèåòèëåíòðèîë, ìåòèëêàðá³òîë (ÌÊ) 
³ 2-ìåòîêñèåòàíîë (2-ÌÅ) ç ðåãëàìåíòîâàíèìè ô³-
çèêî-õ³ì³÷íèìè õàðàêòåðèñòèêàìè: äîáðå ðîç÷èíí³ ó 
âîä³, ñïèðòàõ, áåíçîë³, òîëóîë³; çà àãðåãàòíèì ñòàíîì 
– â’ÿçê³, ù³ëüí³ ³ ïðîçîð³ ð³äèíè. Áóâ ïðîâåäåíèé ã³ã³º-
í³÷íèé åêñïåðèìåíò, ÿêèé âèêîíóâàâñÿ â³äïîâ³äíî äî 
çàãàëüíîïðèéíÿòèõ ìåòîäè÷íèõ ï³äõîä³â [5]. Äîñë³-
äæåííÿ ïðîâåäåíî íà 120 ñòàòåâî çð³ëèõ ùóðàõ ë³í³¿ 
WAG òà 110 ìèøàõ â ï³äãîñòðîìó åêñïåðèìåíò³ òðè-
âàë³ñòþ 60 ä³á. Òâàðèíè çíàõîäèëèñÿ â ñòàíäàðòíèõ 
óìîâàõ â³âàð³þ. Óòðèìàííÿ òà ñïîñòåðåæåííÿ çà òâà-
ðèíàìè ïðîâîäèëèñü ó â³äïîâ³äíîñò³ ç ïîëîæåííÿìè 
«Çàãàëüíîåòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà òâà-
ðèíàõ», ÿê³ óçãîäæåí³ Ïåðøèì Íàö³îíàëüíèì êîíãðå-
ñîì ç á³îåòèêè (Êè¿â, 2001), «ªâðîïåéñüêî¿ êîíâåíö³¿ 
ïðî çàõèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ 
ç åêñïåðèìåíòàëüíîþ òà íàóêîâîþ ìåòîþ» (Ñòðàñ-
áóðã, 1986). Ñòàòèñòè÷íå îïðàöþâàííÿ ðåçóëüòàò³â 
çä³éñíþâàëîñÿ ç âèêîðèñòàííÿì ìåòîä³â âàð³àö³éíî¿ 
ñòàòèñòèêè ³ êðèòåð³þ Ñòüäåíòà-Ô³øåðà.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ðåçóëüòàòè ãîñòðîãî åêñïåðèìåíòó, ïðîâåäåíîãî íà 
ùóðàõ òà ìèøàõ äîçâîëÿþòü óçàãàëüíèòè íàñòóïíå. 

Êë³í³÷íà êàðòèíà ãîñòðîãî îòðóºííÿ äëÿ âñ³õ äîñë³-
äæóâàíèõ ðå÷îâèí ìàëà ñõîæ³ ñèìïòîìè ³íòîêñèêàö³¿. 
Íà ïåðøîìó ïëàí³ âèñòóïàëè ïîðóøåííÿ ãåìîäèíàì³-
êè, äèõàííÿ òà ôóíêö³îíóâàííÿ öåíòðàëüíî¿ íåðâîâî¿ 
ñèñòåìè. Çà ðåçóëüòàòàìè íàéá³ëüø òîêñè÷íèì âè-
ÿâèëèñÿ ÏÎÅ-Ëï-2102 ³ 2-ìåòîêñèåòàíîë, íàéìåíø 
òîêñè÷íèì – ìåòèëêàðá³òîë. Çà çíà÷åííÿìè ÄË

50 

ÏÎÅ-Ëï-2102, ÏÎÅ-Ëï-3603-2-12 ³ 2-ìåòîêñèåòàíîë 
â³äíîñÿòüñÿ äî ïîì³ðíî òîêñè÷íèõ ðå÷îâèí (3 êëàñ 
íåáåçïåêè), à ìåòèëêàðá³òîë – äî ìàëî òîêñè÷íèõ 
ðå÷îâèí (4 êëàñ íåáåçïåêè). Ïàòîìîðôîëîã³÷í³ äîñë³-
äæåííÿ âêàçóþòü, ïåðø çà âñå, íà ïîðóøåííÿ ïå÷³íêè 
òà íèðîê. Âèäîâî¿ òà ñòàòåâî¿ ÷óòëèâîñò³ íå âñòàíîâ-
ëåíî.

Âèÿâëåíå â ïàòîìîðôîëîã³÷íèõ äîñë³äæåííÿõ ïî-
ðóøåííÿ ïå÷³íêè òà íèðîê îáóìîâèëî ïåðøî÷åðãîâå 
âèâ÷åííÿ ïðîäóêò³â ã³äðîë³òè÷íî¿ äåñòðóêö³¿ òà òðàíñ-
ôîðìàö³¿ ç îö³íêè ìîæëèâîãî ãåïàòîòîêñè÷íîãî âïëè-
âó çà óìîâ ï³äãîñòðîãî åêñïåðèìåíòó. 

Ç âðàõóâàííÿì çàçíà÷åíîãî äîö³ëüíî âèâ÷åííÿ 
îñîáëèâîñòåé á³îëîã³÷íî¿ ä³¿ ÏÀÐ òà îñíîâíèõ ïðîäóê-
ò³â ¿õ äåñòðóêö³¿ ïî÷àòè ñàìå ç îö³íêè ôóíêö³îíàëüíî-
ãî ñòàíó ïå÷³íêè ùóð³â â óìîâàõ ï³äãîñòðîãî åêñïåðè-
ìåíòó (òðèâàë³ñòþ 60 ä³á).

Â÷åíèìè [7,8] ïåðåêîíëèâî äîâåäåíî âàãîìå çíà-
÷åííÿ äåòîêñèêàö³éíî¿ ôóíêö³¿ ïå÷³íêè, ùî â çíà÷í³é 
ì³ð³ çóìîâëþº ìåòàáîë³çì õ³ì³÷íèõ ðå÷îâèí.

Çîêðåìà, ïåðøà ôàçà õàðàêòåðèçóºòüñÿ îêèñíî-
â³äíîâëþâàëüíèì àáî ã³äðîë³òè÷íèì ïåðåòâîðåííÿì 
õ³ì³÷íèõ ðå÷îâèí ç óòâîðåííÿì ïîëÿðíèõ ôóíêö³î-
íàëüíèõ ãðóï; äðóãà – õàðàêòåðèçóºòüñÿ ðåàêö³ÿìè 
êîí’þãàö³¿ ïðîì³æíèõ ïðîäóêò³â ìåòàáîë³çìó õ³ì³÷íèõ 
ðå÷îâèí ç åíäîãåííèìè ñóáñòðàòàìè (ãëóòàò³îíîì, 
ãëþêóðîíîâîþ êèñëîòîþ, ñóëüôàòîì, ìåòèëüíèìè 
ãðóïàìè S-àäåíîçèëìåò³îí³íîì, òîùî) ç óòâîðåííÿì 
ïîëÿðíèõ ñïîëóê. 

Ðÿä àâòîð³â [9,10,11] âèñëîâëþº ïðèïóùåííÿ 
ùîäî òîïîãðàô³÷íèõ îñîáëèâîñòåé ïîøêîäæåííÿ ïå-
÷³íêè, ïîâ’ÿçàíèõ ç³ ñòðóêòóðíîþ òà ôóíêö³îíàëüíîþ 
íåîäíîð³äí³ñòþ öüîãî îðãàíó. 

Òàê, íàïðèêëàä, ãåïàòîöèòè ïåðøî¿ çîíè àöèíóñà 
ïðèëÿãàþòü äî ïîðòàëüíèõ òðàêò³â, òîìó îòðèìóþòü 
á³ëüøå êèñíþ òà ïîæèâíèõ ðå÷îâèí; ì³ñòÿòü á³ëüøå 
ì³òîõîíäð³é, âíàñë³äîê ÷îãî â íèõ á³ëüø ³íòåíñèâíî 
ïðîò³êàþòü åíåðãåòè÷í³ ïðîöåñè, îêèñëåííÿ æèðíèõ 
êèñëîò, ñèíòåç ñå÷îâèíè òà ãëþêîçè.

Ãåïàòîöèòè òðåòüî¿ çîíè (ïåðèâåíîçí³) õàðàêòå-
ðèçóþòüñÿ á³ëüø àêòèâíèìè ïðîöåñàìè á³îòðàíñ-
ôîðìàö³¿ õ³ì³÷íèõ ðå÷îâèí ç â³äíîñíèì äåô³öèòîì 
ôåðìåíò³â-àíòèîêñèäàíò³â ³ ôåðìåíò³â êîí’þãàö³¿, ùî 
ïðèçâîäèòü äî  óòâîðåííÿ á³ëüøî¿ ê³ëüêîñò³ ðåàêö³é-
íîçäàòíèõ ìåòàáîë³ò³â.

Ôóíêö³îíàëüíó àêòèâí³ñòü ïå÷³íêè îö³íþâàëè íà 
ùóðàõ çà ñòàíîì  ìåõàí³çì³â äåòîêñèêàö³¿, ìåòàáîë³÷-
íîþ àêòèâí³ñòþ ì³òîõîíäð³é ãåïàòîöèò³â, àêòèâí³ñòþ 
îêñèäàíòíî-àíòèîêñèäàíòíî¿ ñèñòåìè, ³íäèêàòîðíèõ 
ôåðìåíò³â.

Âñòàíîâëåíî, ùî íàéá³ëüø òîêñè÷íèé ñåðåä äî-
ñë³äæóâàíèõ ðå÷îâèí ÏÀÐ-2102 ó äîç³ 1/10 ÄË

50
 íà 
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60-òó äîáó ïðè ïåðîðàëüíîìó íàäõîäæåíí³ äî îðãà-
í³çìó ùóð³â âèêëèêàº ó ì³êðîcîìàõ ãåïàòîöèò³â çíè-
æåííÿ àêòèâíîñò³ ôåðìåíò³â.

Äîçà 1/1000 ÄË
50

 º íåä³þ÷îþ íà àêòèâí³ñòü äåòîê-
ñèêàö³éíèõ ôåðìåíò³â.

Êð³ì òîãî, â³äì³÷åíî çíèæåííÿ âì³ñòó çàãàëüíèõ 
ãëþêóðîí³ä³â ïðè òðèâàë³é ä³¿ ÏÀÐ-2102 ³ 2-ìåòîêñè-
åòàíîëó. Ïðè öüîìó ðåºñòðóâàëîñü òàêîæ çíèæåííÿ ó 
ïå÷³íö³ ùóð³â âì³ñòó çàãàëüíèõ ñóëüôàò³â ïðè ââåäåí-
í³ ÏÀÐ-2102 ó äîç³ 1/10 ÄË

50
 â ñåðåäíüîìó íà 42%, à ó 

äîç³ 1/100 ÄË
50

 – íà 28%.
Âïëèâ 2-ìåòîêñèåòàíîëó õàðàêòåðèçóâàâñÿ á³ëüø 

ñóòòºâèì çíèæåííÿì âì³ñòó çàãàëüíèõ ñóëüôàò³â: íà 
72% äëÿ äîçè 1/10 ÄË

50
 òà 47% äëÿ äîçè 1/100 ÄË

50
.

Âèùåíàâåäåí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî ïðèãí³÷åí-
íÿ äåòîêñèêàö³éíî¿ ôóíêö³¿ ïå÷³íêè ùóð³â ïðè âïëèâ³ 
âñ³õ äîñë³äæóâàíèõ ðå÷îâèí ó äîçàõ 1/10 ³ 1/100 ÄË

50
.

Âñòàíîâëåíî, ùî ïîðóøåííÿ äåòîêñèêàö³éíî¿ 
ôóíêö³¿ ïå÷³íêè ìîæå áóòè òàêîæ ïîâ’ÿçàíî ç ïîñèëåí-
íÿì ïðîöåñ³â ÏÎË. Ïðî àêòèâàö³þ îñòàííüîãî ñâ³ä-
÷èòü ñóòòºâå çðîñòàííÿ âì³ñòó ó ïå÷³íö³ ùóð³â ÌÄÀ/ä³-
ºí³â íà 60-òó äîáó ä³¿ ÏÀÐ-2102 òà 2-ìåòîêñèåòàíîëó 
ó äîçàõ 1/10 ÄË50 (â³äïîâ³äíî íà 177/88 % ³ 212/125 
%)  ³ 1/100 ÄË

50
 (â³äïîâ³äíî íà 89/41 % ³ 118/69 %). Íà 

òë³ çðîñòàííÿ ê³ëüêîñò³ ïðîäóêò³â ÏÎË ó ïå÷³íö³ ùóð³â 
ñïîñòåð³ãàºòüñÿ çíèæåííÿ ð³âíÿ â³äíîâëåíîãî ãëóòàò³-
îíó ïðè ï³äâèùåíí³ îêèñëåíîãî. 

Íà 60-òó äîáó ÏÀÐ-2102 ³ 2-ìåòîêñèåòàíîë ó 
äîçàõ 1/10 ³ 1/100 ÄË

50
 ñóòòºâî ïðèãí³÷óþòü àêòèâ-

í³ñòü ìåìáðàíîçâ’ÿçàíèõ ôåðìåíò³â – ãëþêîçî-6-
ôîñôàòàçè ³ òðèïòîôàí-2,3-ä³îêñèãåíàçè ó ì³êðîñî-
ìàëüí³é ôðàêö³¿ ãåïàòîöèò³â ùóð³â, à ó ñèðîâàòö³ êðîâ³ 
ï³äâèùóþòü âì³ñò ³íäèêàòîðíèõ ôåðìåíò³â – ÀëÀÒ ³ 
ÀñÀÒ. 

Âèÿâëåíà äèíàì³êà çì³í àêòèâíîñò³ ïå÷³íêîâèõ 
ôåðìåíò³â ñâ³ä÷èòü ïðî òîêñè÷íå óðàæåííÿ ãåïàòî-
öèò³â, ùî ñóïðîâîäæóºòüñÿ ïîðóøåííÿì ö³ë³ñíîñò³ ¿õ 
ìåìáðàí.

Çà ðåçóëüòàòàìè ï³äãîñòðîãî åêïåðèìåíòó ÏÀÐ 
2102 ó äîç³ 1/10 ÄË

50
 íà 60-òó äîáó âïëèâó ïðèçâîäèâ 

äî ñòàòèñòè÷íî çíà÷óùîãî, ïî â³äíîøåííþ äî êîíòð-
îëþ, çíèæåííÿ ó ì³êðîcîìàõ ãåïàòîöèò³â àêòèâíîñò³ 
ÓÄÔ-ÃÒ ó ñåðåäíüîìó íà 59 %, òîä³ ÿê ó äîç³ 1/100 
ÄË

0
, íàâïàêè, äî ñïîñòåð³ãàëîñÿ ï³äâèùåííÿ àêòèâ-

íîñò³ ôåðìåíòó íà 38 %. 
Òàêà æ äèíàì³êà çì³í ñïîñòåð³ãàëàñÿ é ó âèïàäêó 

àêòèâíîñò³ N-ÀÒ ïîñòì³òîõîíäð³àëüíî¿ ôðàêö³¿ ãåïà-
òîöèò³â ùóð³â: íà 60-òó äîáó ä³¿ ÏÀÐ 2102 ó äîç³ 1/10 
ÄË

50
 âèêëèêàâ ¿¿ ñòàòèñòè÷íî çíà÷óùå, ïðè ïîð³âíÿíí³ 

ç êîíòðîëüíîþ ãðóïîþ òâàðèí, çíèæåííÿ â ñåðåäíüî-
ìó íà 36 %, à ó äîç³ 1/100 ÄË

50
 – ñóòòºâå ï³äâèùåííÿ 

íà 114 %. 
Ó âèïàäêó âïëèâó íà îðãàí³çì ùóð³â ïðîäóêòó ã³ä-

ðîë³òè÷íî¿ äåñòðóêö³¿ òà òðàíñôîðìàö³¿ ÏÀÐ – 2-ìå-
òîêñèåòàíîëó ó äîç³ 1/10 ÄË

50
 ðåºñòðóâàëîñÿ äîñòî-

â³ðíî çíà÷óùå, ïî â³äíîøåííþ äî êîíòðîëþ, òà á³ëüø 
âèðàçíå, ïî â³äíîøåííþ äî ÏÀÐ-2102, çíèæåííÿ àê-
òèâíîñò³ ÓÄÔ-ÃÒ ³ N-ÀÒ â³äïîâ³äíî íà 45 ³ 64 %. Òåí-
äåíö³ÿ äî çíèæåííÿ àêòèâíîñò³ öèõ ôåðìåíò³â çáåð³-
ãàëàñÿ é ó âèïàäêó ä³¿ 2-ìåòîêñèåòàíîëó ó äîç³ 1/100 
ÄË

50
 (íà 18 ³ 45 % â³äïîâ³äíî). 

Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî òðèâàëà ä³ÿ 
äîñë³äæóâàíèõ ðå÷îâèí ó äîçàõ 1/10 ³ 1/100 ÄË

50
 âè-

êëèêàº ïðèãí³÷åííÿ äåòîêñèêàö³éíî¿ ôóíêö³¿ ïå÷³íêè 
ùóð³â. Âèÿâëåíå ï³äâèùåííÿ àêòèâíîñò³ ÓÄÔ-ÃÒ ì³-
êðîñîìàëüíî¿ ôðàêö³¿ òà N-ÀÒ ïîñòì³òîõîíäð³àëüíî¿ 
ôðàêö³¿ ãåïàòîöèò³â ó âèïàäêó òðèâàëîãî âïëèâó ÏÀÐ-
2102 ó äîç³ 1/100 ÄË

50
 ìîæíà ðîçãëÿäàòè ÿê çàõèñ-

íî-ïðèñòîñóâàëüíó ðåàêö³þ îðãàí³çìó åêñïåðèìåí-
òàëüíèõ òâàðèí. Ä³ÿ ðå÷îâèí ó äîç³ 1/1000 ÄË50 íå 
ïîðóøóº äåòîêñèêàö³éíó ôóíêö³þ ïå÷³íêè. 

Ïåâí³ êîíöåíòðàö³¿ ÷óæîð³äíèõ õ³ì³÷íèõ ðå÷îâèí 
ïðè íàäõîäæåíí³ äî îðãàí³çìó ìîæóòü âèêëèêàòè 
îêñèäàòèâíèé ñòðåñ, ùî ïðîÿâëÿºòüñÿ ïîñèëåííÿì 
â³ëüíîðàäèêàëüíèõ ïðîöåñ³â òà íàêîïè÷åííÿì â îð-
ãàíàõ ³ òêàíèíàõ ïðîäóêò³â ïåðåêèñíîãî îêèñíåííÿ 
ë³ï³ä³â (ÏÎË). Íàäëèøêîâ³ êîíöåíòðàö³¿ ïåðåêèñíèõ 
ñïîëóê ìàþòü òîêñè÷íó ä³þ, äëÿ íåéòðàë³çàö³¿ ÿêî¿ â 
îðãàí³çì³ ³ñíóº íåñïåöèô³÷íà àíòèîêñèäàíòíà ñèñòå-
ìà, ïðåäñòàâëåíà, çîêðåìà ñèñòåìîþ ãëóòàò³îíó.

Íà 60-òó äîáó ä³¿ ÏÀÐ-2102 òà 2-ìåòîêñèåòàíîëó ó 
ïå÷³íö³ ùóð³â âèÿâëåíî äîñòîâ³ðíå, ïî â³äíîøåííþ äî 
êîíòðîëþ, ï³äâèùåííÿ âì³ñòó ïðîäóêò³â ÏÎË – ìàëî-
íîâîãî ä³àëüäåã³äó (ÌÄÀ) òà ä³ºí³â.

Íàéá³ëüø ñóòòºâî öÿ äèíàì³êà çì³í ïðîÿâëÿºòüñÿ 
ïðè âïëèâ³ 2-ìåòîêñèåòàíîëó: ó äîç³ 1/10 ÄË

50 
çá³ëü-

øåííÿ ÌÄÀ ³ ä³ºí³â ñòàíîâèëî â³äïîâ³äíî 212 ³ 125 %, 
à ó äîç³ 1/100 ÄË50 – 118 ³ 69 %. Âïëèâ ÏÀÐ-2102 ó 
äîç³ 1/10 ÄË

50
 âèêëèêàâ çðîñòàííÿ âì³ñòó ÌÄÀ ³ ÄÊ íà 

171 ³ 88 %, à ó äîç³ 1/100 ÄË
50

 – íà 89 ³ 41 % â³äïîâ³äíî. 
Òàêèì ÷èíîì, ïðåäñòàâëåí³ ðåçóëüòàòè ùîäî îö³í-

êè ôóíêö³îíàëüíîãî ñòàíó ïå÷³íêè ùóð³â äîçâîëÿþòü 
óçàãàëüíèòè, ùî ÏÀÐ òà ïðîäóêòè ¿õ äåñòðóêö³¿ ó äîçàõ 
1/10 ³ 1/100 ÄË

50
 íà 60-òó äîáó ï³äãîñòðîãî åêñïåðè-

ìåíòó º ãåïàòîòîêñè÷íèìè.
Ïðî ïîðóøåííÿ îêèñëþâàëüíîãî ãîìåîñòàçó ó 

ùóð³â çà ä³¿ ÏÀÐ òà ïðîäóêò³â ¿õ äåñòðóêö³¿ ñâ³ä÷èòü 
ö³ëèé ðÿä ðåçóëüòàò³â åêñïåðèìåíòàëüíèõ äîñë³-
äæåíü.

Ïî-ïåðøå, ñë³ä â³äçíà÷èòè, âëàñòèâ³ñòü ðå÷îâèí 
ï³äâèùóâàòè ³íòåíñèâí³ñòü ÕË ñèðîâàòêè êðîâ³ ùóð³â 
– ³íòåãðàëüíîãî ïîêàçíèêà ñòàíó ïðîöåñ³â â³ëüíîðà-
äèêàëüíîãî îêèñëåííÿ. 

Íà 30-òó äîáó ï³äãîñòðîãî åêñïåðèìåíòó ÏÀÐ-
2102 ó äîçàõ 1/10, 1/100 ³ 1/1000 ÄË

50
 çá³ëüøóº ³í-

òåíñèâí³ñòü ÑÕË (â ñåðåäíüîìó â³äïîâ³äíî íà 159, 93 
³ 60 % òà ²ÕË (â ñåðåäíüîìó íà 177, 157 ³ 111 %). Äîçà 
1/10000 ÄË

50
 ïðè öüîìó º íåä³þ÷îþ. 

Ïðî ïîðóøåííÿ îêèñëþâàëüíîãî ãîìåîñòàçó ïå-
ðåêîíëèâî ñâ³ä÷èòü ï³äâèùåííÿ ó ùóð³â ³íòåíñèâíîñò³ 
ôîñôîðåñöåíö³¿ ñèðîâàòêè êðîâ³ çà óìîâ âïëèâó ðå-
÷îâèí ó äîçàõ 1/10 ³ 1/100 ÄË

50
. Îñîáëèâî ñóòòºâèì 

öå âèÿâëÿºòüñÿ ïðè äîâæèí³ õâèë³ çáóäæåííÿ ñèðî-
âàòêè êðîâ³ ùóð³â  334, 404 ³ 434 íì çà ä³¿ ÏÀÐ-2102 
ó äîç³ 1/10 ÄË

50
 â³äïîâ³äíî íà 98, 232 ³ 109 %. Ïðè 

öüîìó âïëèâ 2-ìåòîêñèåòàíîëó º ìåíø âèðàçíèì, 
çá³ëüøåííÿ ³íòåíñèâíîñò³ ôîñôîðåñöåíö³¿ ñòàíîâèòü 
79, 214 ³ 89 %. Ó âèïàäêó ä³¿ ðå÷îâèí ó äîç³ 1/100 ÄË

50
 

ñóòòºâå çá³ëüøåííÿ ôîñôîðåñöåíö³¿ ñèðîâàòêè êðîâ³ 
ùóð³â ðåºñòðóºòüñÿ ïðè 404 ³ 434 íì: äëÿ ÏÀÐ-2102 íà 
167 ³ 82 %, à 2-ìåòîêñèåòàíîëó – íà 110 ³ 60 % â³äïî-
â³äíî. Ó äåÿêèõ âèïàäêàõ ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ 
³íòåíñèâíîñò³ ôîñôîðåñöåíö³¿ ïðè ä³¿ ðå÷îâèí ó äîç³ 
1/1000 ÄË

50
: äëÿ ÏÀÐ-2102 ïðè 334, 404 ³ 434 íì â 

ñåðåäíüîìó íà 47, 136 ³ 60 %, à äëÿ 2-ìåòîêñèåòàíî-
ëó – ïðè 404 ³ 434 íì â ñåðåäíüîìó íà 40 ³ 22 %. ßê 
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ïðàâèëî, ï³äâèùåííÿ ³íòåíñèâíîñò³ ôîñôîðåñöåíö³¿ 
ïîâ’ÿçàíî ç ïîÿâîþ ïðèðîäíèõ õðîìîôîð³â – òèðî-
çèíîâèõ ³ òðèïòîôàíîâèõ çàëèøê³â àì³íîêèñëîò, ÿê³ 
ç’ÿâëÿþòüñÿ ïðè âòðàò³ á³ëêîâèìè ìîëåêóëàìè ñâîº¿ 
êîìïàêòíî¿ âèñîêîîðãàí³çîâàíî¿ ñòðóêòóðè. Îñòàííº, 
ó ñâîþ ÷åðãó, ìîæå â³äáóâàòèñÿ ïðè ï³äâèùåíí³ ïðî-
öåñ³â îêèñëþâàëüíî¿ ìîäèô³êàö³¿ á³ëê³â. Íà 60-òó äîáó 
2-ìåòîêñèåòàíîë ó äîçàõ 1/10, 1/100 ³ 1/1000 ÄË

50
 

âèêëèêàº ó ñèðîâàòö³ êðîâ³ ùóð³â ï³äâèùåííÿ âì³ñòó 
àëüäåã³äíèõ (â³äïîâ³äíî íà 241, 130 ³ 35 %) ³ êåòîí-
íèõ (íà 195, 119 ³ 30 %) óãðóïóâàíü àì³íîêèñëîòíèõ 
çàëèøê³â. Òðèâàëà ä³ÿ ÏÀÐ-2102 ó äîçàõ 1/10 ³ 1/100 
ÄË

50
 òàêîæ ñóïðîâîäæóºòüñÿ ñóòòºâèì çá³ëüøåííÿì 

ð³âíÿ öèõ ïîêàçíèê³â. Äëÿ ÏÀÐ-3603 ³ ìåòèëêàðá³òîëó 
ó äîç³ 1/10 ÄË

50
 çá³ëüøåííÿ ð³âíÿ àëüäåã³äíèõ óãðóïó-

âàíü ñòàíîâèòü â³äïîâ³äíî 147 ³ 104 %, à êåòîííèõ – 
117 ³ 92 %. Ä³ÿ öèõ ðå÷îâèí ó äîç³ 1/100 ÄË

50
 âèÿâëÿº 

ìåíø âèðàçíèé âïëèâ íà êàðáîí³ëüí³ ïîõ³äí³ ó ñèðî-
âàòö³ êðîâ³ ùóð³â.

Íà ï³äñòàâ³ ðåçóëüòàò³â, íàâåäåíèõ ó äàíîìó ðîç-
ä³ë³ ðîáîòè, ìîæíà çðîáèòè íàñòóïí³ âèñíîâêè:

1. Âèâ÷åí³ ÏÀÐ òà ïðîäóêòè ¿õ äåñòðóêö³¿ ó äîçàõ 
1/10 ³ 1/100 ÄË

50
 íà 60-òó äîáó âïëèâó íà îðãàí³çì 

ùóð³â ïðîÿâëÿþòü ãåïàòîòîêñè÷íó ä³þ, ùî ï³äòâåð-
äæóºòüñÿ ïðèãí³÷åííÿì ìåõàí³çì³â äåòîêñèêàö³¿ 
(çíèæåííÿì àêòèâíîñò³ ôåðìåíò³â äåòîêñèêàö³¿, çà-
ãàëüíèõ ãëþêóðîí³ä³â ³ ñóëüôàò³â), ìåòàáîë³÷íîþ 
àêòèâí³ñòþ ì³òîõîíäð³é òà åíåðãåòè÷íèõ ðåñóðñ³â 
(çíèæåííÿì àêòèâíîñò³ ÀÒÔàç, âì³ñòó ÀÒÔ, ÀÄÔ íà 
òë³ ï³äâèùåííÿ ÀÌÔ), çñóâîì îêñèäàíòíî-àíòèîê-
ñèäàíòíî¿ ð³âíîâàãè ó á³ê îêñèäàíò³â (ï³äâèùåííÿì 
ìàëîíîâîãî ä³àëüäåã³äó òà ä³ºí³â, îêèñëåíîãî ãëóòàò³-
îíó íà òë³ çíèæåííÿ â³äíîâëåíîãî ãëóòàò³îíó), çì³íîþ 
àêòèâíîñò³ ³íäèêàòîðíèõ ôåðìåíò³â (ï³äâèùåííÿì 
ó ñèðîâàòö³ êðîâ³ àêòèâíîñò³ àì³íîòðàíñôåðàç ïðè 
çíèæåíí³ ì³êðîñîìàëüíî¿ ãëþêîçî-6-ôîñôàòàçè òà 
òðèïòîôàí-2,3-ä³îêñèãåíàçè).

2. Çà óìîâ âïëèâó äîñë³äæóâàíèõ ðå÷îâèí ó äîçàõ 
1/10 ³ 1/100 ÄË

50
 ó ï³äãîñòðîìó åêñïåðèìåíò³ ó ùóð³â 

ñïîñòåð³ãàºòüñÿ íàïðóæåííÿ àíòèîêñèäàíòíî¿ ñèñòå-
ìè ç ¿¿ ïîñòóïîâèì âèñíàæåííÿì ïðè äîç³ 1/10 ÄË

50
, 

ùî çóìîâëåíî ïîðóøåííÿì îêèñëþâàëüíîãî ãîìå-
îñòàçó, àêòèâàö³ºþ ïðîöåñ³â ïåðåêèñíîãî îêèñëåííÿ 
ë³ï³ä³â ³ îêèñëþâàëüíîþ ìîäèô³êàö³¿ á³ëê³â (ï³äâè-
ùåííÿì ³íòåíñèâíîñò³ õåì³ëþì³íåñöåíö³¿ òà ôîñôî-

ðåñöåíö³¿ ñèðîâàòêè êðîâ³, âì³ñòó ìàëîíîâîãî ä³àëü-
äåã³äó òà ä³ºí³â, àëüäåã³äíèõ ³ êåòîííèõ óãðóïóâàíü 
àì³íîêèñëîòíèõ çàëèøê³â). 

3. Ïðîñò³ îë³ãîåô³ðè òà ïðîäóêòè ¿õ äåñòðóêö³¿ ó 
äîçàõ 1/10 ³ 1/100 ÄË

50
 íà 60-òó äîáó ä³¿ íà îðãàí³çì 

ùóð³â âèêëèêàþòü çì³íè ô³çèêî-õ³ì³÷íèõ âëàñòèâîñ-
òåé êë³òèííèõ ìåìáðàí, ùî ï³äòâåðäæóºòüñÿ ï³ä-
âèùåííÿì ì³êðîâ’ÿçêîñò³ ìåìáðàí ë³ìôîöèò³â òà 
åðèòðîöèò³â (çíèæåííÿì êîåô³ö³ºíòó åêñèìåð³çàö³¿ 
ôëóîðåñöåíòíîãî çîíäà ï³ðåíó ó çîí³ á³ëîê-ë³ï³äíèõ 
êîíòàêò³â ³ ë³ï³äíîãî á³øàðó), çá³ëüøåííÿì ïðîíèê-
íîñò³ ìåìáðàí åðèòðîöèò³â (çðîñòàííÿì âèõîäó ç íèõ 
³îí³â êàë³þ), çì³íîþ ôîñôîë³ï³äíîãî ñêëàäó ìåìá-
ðàí åðèòðîöèò³â, ëåéêîöèò³â ³ ãåïàòîöèò³â ç ñóòòºâèì 
óòâîðåííÿì ë³çîôîðì ôîñôîë³ï³ä³â. 

4. ÏÀÐ-2102 ó äîçàõ 1/10 ³ 1/100 ÄË
50

 íà 60-òó 
äîáó ä³¿ âèêëèêàº â îðãàí³çì³ ùóð³â  çì³íó á³ëêîâîãî, 
ë³ï³äíîãî òà âóãëåâîäíîãî îáì³í³â ó á³ê ï³äâèùåííÿ 
êàòàáîë³÷íèõ ïðîöåñ³â íà òë³ çíèæåííÿ ðåïàðàòèâíèõ 
ïðîöåñ³â, ùî ï³äòâåðäæóºòüñÿ çá³ëüøåííÿì ó ñèðî-
âàòö³ êðîâ³ ùóð³â âì³ñòó êðåàòèí³íó, ñå÷îâèíè, õîëåñ-
òåðèíó, â³ëüíèõ æèðíèõ êèñëîò, êåòîíîâèõ ò³ë íà òë³ 
çíèæåííÿ ãëþêîçè, ÐÍÊ, ã³ñòîí³â, ãëîáóë³í³â, à òàêîæ 
ãë³êîãåíó ó ïå÷³íö³.

5. Äîñë³äæóâàí³ ðå÷îâèíè ó äîç³ 1/10 ÄË
50

 ïðèçâî-
äÿòü äî ïîðóøåííÿ â îðãàí³çì³ ùóð³â ïðîöåñ³â íåéðî-
ãóìîðàëüíî¿ ðåãóëÿö³¿, ÿêå íà 30-òó äîáó ä³¿ õàðàêòå-
ðèçóºòüñÿ ¿õ àêòèâàö³ºþ (ïðè çá³ëüøåíí³ ó ñèðîâàòö³ 
êðîâ³ ð³âíÿ êîðòèêîòðîï³íó, êîðòèçîëó, àäðåíàë³íó), 
à íà 60-òó äîáó – ³íã³áóâàííÿì (ïðè çíèæåíí³ âì³ñòó 
êîðòèêîòðîï³íó, êîðòèçîëó, àäðåíàë³íó). Äëÿ äîçè 
1/100 ÄË

50
 õàðàêòåðíà àêòèâàö³ÿ ïðîöåñ³â íåéðîãó-

ìîðàëüíî¿ ðåãóëÿö³¿, ÿêà íà 60-òó äîáó ñïîñòåðåæåí-
íÿ ìåíø âèðàçíà, í³æ íà 30-òó äîáó.

6. Äîñë³äæóâàí³ ðå÷îâèíè ó äîç³ 1/100 ÄË
50

 íà 
60-òó äîáó ï³äãîñòðîãî åêñïåðèìåíòó ñïðèÿþòü âè-
ðàçí³é àêòèâàö³¿ ãóàí³ëàòöèêëàçíî¿ òà ãàëüìóâàííþ 
àäåí³ëàòöèêëàçíî¿ ìåñåíäæåðíèõ ñèñòåì, ùî º îä-
í³ºþ ç ïðè÷èí äèñãîìåîñòàòè÷íîãî õàðàêòåðó ¿õ ä³¿ íà 
îðãàí³çì åêñïåðèìåíòàëüíèõ òâàðèí.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïîäàëü-
øà ïåðñïåêòèâà ïîëÿãàº â ðîçðîáö³ ïðîãíîçó òîêñè÷-
íîñò³ äëÿ íîâèõ ãðóï ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ç 
óðàõóâàííÿì êîìïëåêñíîãî ï³äõîäó äî âèâ÷åííÿ ìå-
òàáîë³çìó.
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ÏÎÂÅÐÕÍÅÂÎ-ÀÊÒÈÂÍÈÕ ÐÅ×ÎÂÈÍ
Êó÷åðåíêî Â. Ï.
Ðåçþìå. Ó ðîáîò³ îïèñàíèé êîìïëåêñíèé ï³äõ³ä äî âèâ÷åííÿ ìåòàáîë³çìó ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí. Çà óìîâ 

âïëèâó ÏÎÅ-Ëï-2102, ÏÎÅ-Ëï-3603-2-12, 2-ìåòîêñèåòàíîëó, ìåòèëêàðá³òîëó ó ï³äãîñòðîìó åêñïåðèìåíò³ ó ùóð³â 
ñïîñòåð³ãàºòüñÿ ïîðóøåííÿ ïðîöåñ³â íåéðîãóìîðàëüíî¿ ðåãóëÿö³¿, íàïðóæåííÿ àíòèîêñèäàíòíî¿ ñèñòåìè ç ¿¿ ïîñòó-
ïîâèì âèñíàæåííÿì, çì³íè ô³çèêî-õ³ì³÷íèõ âëàñòèâîñòåé êë³òèííèõ ìåìáðàí, ïîðóøåííÿ îêèñëþâàëüíîãî ãîìåîñòà-
çó, àêòèâàö³ÿ ïðîöåñ³â ïåðåêèñíîãî îêèñëåííÿ ë³ï³ä³â ³ îêèñëþâàëüíîþ ìîäèô³êàö³¿ á³ëê³â ó äîçàõ 1/10 ³ 1/100 ÄË

50
.

Êëþ÷îâ³ ñëîâà: ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè, îêèñ åòèëåíó òà ïðîï³ëåíó, òîêñè÷í³ñòü, ãîìåîñòàç, äîâê³ëëÿ, 
çäîðîâ’ÿ.

ÓÄÊ: 577.352.4: 616-008.9-099: 543.395
ÌÅÒÎÄÈ×ÅÑÊÎÅ ÎÁÎÑÍÎÂÀÍÈÅ ÍÅÎÁÕÎÄÈÌÎÑÒÈ ÊÎÌÏËÅÊÑÍÎÃÎ ÏÎÄÕÎÄÀ Ê ÈÇÓ×ÅÍÈÞ ÌÅÒÀ-

ÁÎËÈÇÌÀ ÏÎÂÅÐÕÍÎÑÒÍÎ-ÀÊÒÈÂÍÛÕ ÂÅÙÅÑÒÂ
Êó÷åðåíêî Â. Ï.
Ðåçþìå. Â ðàáîòå îïèñàí êîìïëåêñíûé ïîäõîä ê èçó÷åíèþ ìåòàáîëèçìà ïîâåðõíîñòíî-àêòèâíûõ âåùåñòâ. Â 

óñëîâèÿõ âîçäåéñòâèÿ ÏÎÝ-Ëï-2102, ÏÎÝ-Ëï-3603-2-12, 2-ìåòîêñèåòàíîëà, ìåòèëêàðáèòîëà â ïîäîñòðîì ýêñïå-
ðèìåíòå ó êðûñ íàáëþäàåòñÿ íàðóøåíèå ïðîöåññîâ íåéðîãóìîðàëüíîé ðåãóëÿöèè, íàïðÿæåíèå àíòèîêñèäàíòíîé 
ñèñòåìû ñ åå ïîñòåïåííûì èñòîùåíèåì, èçìåíåíèÿ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ êëåòî÷íûõ ìåìáðàí, íàðóøåíèå 
îêèñëèòåëüíîãî ãîìåîñòàçà, àêòèâàöèÿ ïðîöåññîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ è îêèñëèòåëüíîé ìîäèôèêàöèè 
áåëêîâ â äîçàõ 1/10 è 1/100 ÄË

50
.

Êëþ÷åâûå ñëîâà: ïîâåðõíîñòíî-àêòèâíûå âåùåñòâà, îêèñü ýòèëåíà è ïðîïèëåíà, òîêñè÷íîñòü, ãîìåîñòàç, 
îêðóæàþùàÿ ñðåäà, çäîðîâüå.

UDC: 577.352.4: 616-008.9-099: 543.395
METHODICAL SUBSTANTIATION OF THE NEED FOR A COMPREHENSIVE APPROACH TO STUDY OF METABOLISM 

OF SURFACE-ACTIVE SUBSTANCES
Kucherenko V. P.
Abstract. At the present stage, the hygienic regulation of chemical substances in water of reservoirs is impossible without 

disclosing the mechanisms of their biological effects, pathogenesis of intoxication, toxicokinetics and toxicodynamics. 
This research is part of the research work “Experimental justification of the hazard forecast and correction of structural 

and pathogenetic disorders in the body in the problem of developing hygienic norms of surfactants for water in reservoirs” 
(registration number 0115U000233), which is carried out at the Kharkiv National Medical University at the request of the 
Ministry of Health Of Ukraine.

The clinical picture of acute poisoning for all investigated substances had similar symptoms of intoxication. In the 
foreground there was a violation of hemodynamics, respiration and the functioning of the central nervous system. According 
to the results of the most toxic were POE-Lp-2102 and 2-methoxyethanol, the least toxic – methylcarbitol. By values DL

50
 POE-

Lp-2102, POE-Lp-3603-2-12 and 2-methoxyethanol are moderately toxic substances (Class 3 hazard), and methylcarbitol 
– to a few toxic substances (Grade 4 hazard). Pathomorphological studies indicate, first and foremost, liver and kidney 
disorders. Specific and sexual sensitivity is not established.

The diagnosis of liver and kidney disorders in pathomorphological studies has led to the first study of products of hydrolytic 
degradation and transformation to evaluate possible hepatotoxic effects under conditions of subacute experiment.

Taking into account the above, it is advisable to start studying the peculiarities of the biological action of surfactant 
and the main products of their degradation from the evaluation of the functional state of the rat liver under conditions of a 
subacute experiment (60 days duration).

In this investigation was convincingly proved the importance of the detoxification function of the liver, which greatly 
predetermines the metabolism of chemicals.

The paper describes a complex approach to the study of the metabolism of surfactants. In the conditions of the influence 
of POE-Lp-2102, POE-Lp-3603-2-12, 2-methoxetanol, methylcarbitol in subacute experiments in rats, there is a violation 
of the processes of neurohumoral regulation, the tension of the antioxidant system with its gradual depletion, changes in 
the physico-chemical properties of cell membranes, disturbance of oxidative homeostasis, activation of processes of lipid 
peroxidation and oxidative modification of proteins in doses of 1/10 and 1/100 DL

50
.

The studied surfactants and products of their destruction at doses of 1/10 and 1/100 DL
50

 on the 60th day of exposure 
to the body of rats show hepatotoxic effects, which is confirmed by inhibition of mechanisms of detoxification (decrease 
of activity of detoxification enzymes, common glucuronides and sulfates), metabolic activity of mitochondria, and energy 
resources (decrease of ATPase activity, ATP content), oxidation-antioxidant balance shift towards oxidants, changes in 
activity indicator enzymes (increased serum aminotransferase activity at lower microsomal glucose-6-phosphatase).

Keywords: surfactants, ethylene oxide and propylene oxide, toxicity, homeostasis, environment, health.
Ðåöåíçåíò — ïðîô. Êîñòåíêî Â. Î.
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