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Âñòóï. Çàáðóäíåííÿ äîâê³ëëÿ êñåíîá³îòèêàìè 
çá³ëüøóº ðèçèê êîíòàêòó ëþäèíè ç òîêñè÷íèìè ðå÷î-
âèíàìè, ÿê³ ïðîÿâëÿþòü ïîøêîäæóâàëüíó ä³þ íà ð³çí³ 
îðãàíè òà ñèñòåìè îðãàí³çìó. Äî ïîñò³éíîãî ôàêòîðó 
åêîëîã³÷íîãî çàáðóäíåííÿ â³äíîñÿòüñÿ ôîñôîðîðãà-
í³÷í³ ñïîëóêè [1,3]. Íàñè÷åííÿ äîâê³ëëÿ ïîòåíö³éíî – 
íåáåçïå÷íèìè òîêñè÷íèìè ðå÷îâèíàìè ïðèçâîäèòü 
äî çðîñòàííÿ ÷èñëà ïàòîëîã³é, ÿê³ çóìîâëåí³ ¿õ âïëè-
âîì. Ïîòðàïëÿííÿ äî îðãàí³çìó ôîñôîðîðãàí³÷íèõ 
ñïîëóê ïðèçâîäèòü äî éîãî çàãàëüíî¿ ³íòîêñèêàö³¿ 
òà óòâîðåííÿ çíà÷íî¿ ê³ëüêîñò³ åíäîãåííèõ òîêñèí³â, 
ÿê³ ðàçîì ç åêçîãåííèìè êñåíîá³îòèêàìè ÷èíÿòü òîê-
ñè÷íèé âïëèâ íà ìåìáðàíè êë³òèí [2,8]. 

 Îäíèì ³ç âàæëèâèõ ìàðêåð³â ñòóïåíÿ òîêñè÷íèõ 
óðàæåíü º çá³ëüøåííÿ ïðîíèêíîñò³ ïëàçìàòè÷íèõ 
ìåìáðàí ãåïàòîöèò³â òà åðèòðîöèò³â [5]. 

Âèõîäÿ÷è ç öüîãî, ìåòîþ äàíîãî äîñë³äæåííÿ 
áóëî âñòàíîâèòè ñòóï³íü ïðîíèêíîñò³ ïëàçìàòè÷íèõ 

– òâàðèíè, óðàæåí³ êàðáîôîñîì ïðîòÿãîì 20 äí³â òà 
²V – à ãðóïà – ùóð³, óðàæåí³ êàðáîôîñîì ïðîòÿãîì 
30 äí³â. Êàðáîôîñ ââîäèëè ùîäåííî âíóòð³øíüîø-
ëóíêîâî ó âèãëÿä³ âîäíîãî ðîç÷èíó ç ðîçðàõóíêó 20 
ìã/êã ìàñè ò³ëà òâàðèíè, ùî ñòàíîâèòü 1/10 â³ä LD

50. 

Íà 10-ó, 20-ó òà 30-ó äîáó â³ä ïî÷àòêó ââåäåííÿ êàð-
áîôîñó ùóð³â ï³ääàâàëè åâòàíàç³¿ ç âèêîðèñòàííÿì 
ò³îïåíòàëó íàòð³þ. Äëÿ äîñë³äæåíü îáðàëè ö³ëüíó 
êðîâ, ñèðîâàòêó êðîâ³ òà ïå÷³íêó òâàðèí. Àêòèâí³ñòü 
àì³íîòðàíñôåðàç (ÀëÀò, ÀñÀÒ) âèçíà÷àëè â ðåàêö³¿ ç 
2,4 – äèí³òðîôåí³ëã³äðàçèíîì [10], àêòèâí³ñòü ëóæ-
íî¿ ôîñôàòàçè ç ìîë³áäàòîì àìîí³þ [1], åðèòðîöè-
òàðíèé ³íäåêñ ³íòîêñèêàö³¿ çà â³äñîòêîì ïðîíèêíîñò³ 
åðèòðîöèòàðíî¿ ìåìáðàíè [11]. 

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ ðåçóëüòàò³â 
çä³éñíþâàëè çà äîïîìîãîþ ìåòîäó «Statistika 6,0» ç 
âèêîðèñòàííÿì êðèòåð³þ Ñòþäåíòà [6]. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Îòðèìàí³ ðåçóëüòàòè ï³äòâåðäæóþòü òîêñè÷íèé 
âïëèâ êàðáîôîñó íà îðãàí³çì òâàðèí. Ï³ñëÿ îòðó-
ºííÿ ùóð³â êàðáîôîñîì â³äì³÷àºòüñÿ ï³äâèùåííÿ 
àêòèâíîñò³ àì³íîòðàíñôåðàç â ñèðîâàòö³ êðîâ³ ïðî-
òÿãîì óñüîãî òåðì³íó äîñë³äæåííÿ (òàáë. 1). 

Ç òàáëèö³ 1 âèäíî, ùî àêòèâí³ñòü ÀëÀÒ ïðè äå-
ñÿòèäåííîìó ââåäåíí³ êàðáîôîñó â ñèðîâàòö³ êðîâ³ 
çá³ëüøóºòüñÿ â 1,3 ðàçà, â ïå÷³íö³ çìåíøóºòüñÿ â 

 Òàáëèöÿ 1

Àêòèâí³ñòü ÀëÀÒ ó ñèðîâàòö³ êðîâ³ (ìêìîëü/ë*ãîä) 

òà ïå÷³íö³ (ìêìîëü/êã*ãîä) ùóð³â çà óìîâ óðàæåííÿ 

êàðáîôîñîì (Ì±m, n=6)

Ãðóïè òâàðèí

Ñèðîâàòêà êðîâ³ Ïå÷³íêà

Òåðì³íè äîñë³äæåííÿ, äîáè

10-à 20-à 30-à 10-à 20-à 30-à

²íòàêòíèé 
êîíòðîëü 1,17±0,01 2,17±0,01

Óðàæåí³ 
êàðáîôîñîì

1,56 ± 
0,01* 

2,04 ± 
0,04*

2,37 ± 
0,03*

2,10 ± 
0,08

1,82 ± 
0,02*

1,27 ± 
0,03*

Ïðèì³òêà: *- â³ðîã³äí³ çì³íè ì³æ òâàðèíàìè ³íòàêòíîãî êîíòðîëþ òà óðàæåíèìè

ìåìáðàí ãåïàòîöèò³â òà åðèòðîöèò³â â äè-
íàì³ö³ óðàæåííÿ òâàðèí êàðáîôîñîì. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äî-
ñë³äè ïðîâåäåí³ íà á³ëèõ ùóðàõ ìàñîþ ò³ëà 
175 -200 ã, ùî óòðèìóâàëèñü íà ñòàíäàðòíî-
ìó ðàö³îí³ â³âàð³þ ÄÂÍÇ «Òåðíîï³ëüñüêîãî 
äåðæàâíîãî ìåäè÷íîãî óí³âåðñèòåòó ³ì. ². 
ß. Ãîðáà÷åâñüêîãî». Âèêîíóâàëè ¿õ çã³äíî 
³ç Çàãàëüíèìè ïðèíöèïàìè åêñïåðåìåíò³â 
íà òâàðèíàõ, ñõâàëåíèìè íà Íàö³îíàëüíî-
ìó êîíãðåñ³ ç á³îåòèêè (Êè¿â, Óêðà¿íà 2001) 
[9] òà Çàêîíó Óêðà¿íè « Ïðî çàõèñò òâàðèí 
â³ä æîðñòîêî¿ ïîâåä³íêè» (2006). Òâàðèíè 
áóëè ðîçä³ëåí³ íà ÷îòèðè ãðóïè: ²-à – ³í-
òàêòíèé êîíòðîëü; ²²-à – òâàðèíè, óðàæåí³ 
êàðáîôîñîì ïðîòÿãîì 10 äí³â; ²²² – ÿ ãðóïà 
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1,1 ðàçà, ïðè äâàäöÿòèäåíí³é ³íòîêñèêàö³¿ â ñèðîâàòö³ êðîâ³ 
äàíèé ïîêàçíèê çá³ëüøèâñÿ â 1,7 ðàçà, â ïå÷³íö³ – çìåíøèâ-
ñÿ â 1,2 ðàçà, â³äïîâ³äíî ïðè òðèäöÿòèäåííîìó ââåäåíí³ â 
ñèðîâàòö³ êðîâ³ àêòèâí³ñòü ÀëÀÒ çá³ëüøèëàñü â 2 ðàçè, â ïå-
÷³íö³ çìåíøèëàñü â 1,7 ðàçà. 

Àíàëîã³÷í³ çì³íè ñïîñòåð³ãàëèñü ïðè âèçíà÷åíí³ àêòèâ-
íîñò³ ÀñÀÒ â ñèðîâàòö³ êðîâ³ òà ïå÷³íö³ óðàæåíèõ òâàðèí 
(òàáë. 2). 

 Â³äì³÷åíî, ùî àêòèâí³ñòü ÀñÀÒ â ñèðîâàòö³ êðîâ³ ùóð³â 
çá³ëüøóºòüñÿ ïðè 10-òè äåííîìó ââåäåíí³ êàðáîôîñó â 1,2 
ðàçà, ïðè 20-òè äåííîìó â 1,7 ðàçà, ïðè 30-òè äåííîìó â 3 
ðàçè ïîð³âíÿíî ç ³íòàêòíèìè òâàðèíàìè. Â ïå÷³íö³ ìè ñïî-
ñòåð³ãàëè çìåíøåííÿ àêòèâíîñò³ ÀñÀÒ. Ïðè 10-òè äåííîìó 
ââåäåíí³ ¿¿ àêòèâí³ñòü çìåíøèëàñü â 1,2 ðàçà, ïðè 20-òè äåí-
íîìó â 1,4 ðàçà, â³äïîâ³äíî ïðè 30-òè äåííîìó â 1,5 ðàçà, 

â³äíîñíî êîíòðîëþ. Çà ³íòîêñèêàö³¿ òâàðèí 
êàðáîôîñîì çíèæåííÿ àêòèâíîñò³ àì³íîòðàíñ-
ôåðàç ó ïå÷³íö³ âêàçóº íà öèòîë³ç ãåïàòîöèò³â 
òà çì³íó ïðîíèêíîñò³ ïëàçìàòè÷íèõ ìåìáðàí, 
ùî ïðèçâîäèòü äî âèõîäó îðãàíîñïåöèô³÷íèõ 
ôåðìåíò³â ó ïîçàêë³òèííèé ïðîñò³ð. 

Ùå îäíèì ìàðêåðîì öèòîë³çó ãåïàòîöèò³â 
º ëóæíà ôîñôàòàçà (ËÔ), ï³äâèùåííÿ àêòèâ-
íîñò³ ÿêî¿ â ñèðîâàòö³ êðîâ³ ñâ³ä÷èòü ïðî ðîç-
âèòîê çàïàëüíîãî ïðîöåñó ó ïå÷³íö³ [1]. 

Àêòèâí³ñòü äàíîãî åíçèìó ï³ñëÿ 10-òè äåí-
íîãî ââåäåííÿ êàðáîôîñó çðîñëà â 1,2 ðàçà, 
20-òè äåííîãî óðàæåííÿ òîêñèêàíòîì â 1,3 
ðàçà, ï³ñëÿ 30-òè äåííî¿ ³íòîêñèêàö³¿ àêòèâ-
í³ñòü ËÔ çðîñëà â 1,5 ðàçà â³äíîñíî ³íòàêòíîãî 
êîíòðîëþ. Ó ïå÷³íö³ ìè ñïîñòåð³ãàëè çìåíøåí-
íÿ àêòèâíîñò³ ËÔ (òàáë. 3). 

 Ï³ñëÿ 10-òè äåííîãî óðàæåííÿ êàðáîôîñîì 
àêòâí³ñòü ËÔ çìåíøèëàñü â 1,2 ðàçà, ïðè äâà-
äöÿòèäåííîìó – â 1,8 ðàçà òà ïðè 30 -äåííîìó 
óðàæåíí³ êàðáîôîñîì – â 2,2 ðàçà â ïîð³âíÿí-
í³ ç ³íòàêòíîþ ãðóïîþ òâàðèí. Öå ï³äòâåðäæóº 
òîêñè÷í³ñòü êàðáîôîñó òà éîãî íåãàòèâíèé 
âïëèâ íà êë³òèíè ïå÷³íêè [4,7,12]. 

Â õîä³ åêñïåðèìåíòó ìè äîñë³äæóâàëè ïðî-
íèêí³ñòü åðèòðîöèòàðíèõ ìåìáðàí. Âñòàíîâ-
ëåíî, ùî ï³ñëÿ óðàæåííÿ òâàðèí êàðáîôîñîì 
ï³äâèùóºòüñÿ â³äñîòîê ïðîíèêíîñò³ ìåìáðàíè 
åðèòðîöèò³â, íà ùî âêàçóº çá³ëüøåííÿ åðèòðî-
öèòàðíîãî ³íäåêñó ³íòîêñèêàö³¿ (òàáë. 4). 

ßê âèäíî ç òàáëèö³ 4, ïðè óðàæåíí³ òâàðèí 
êàðáîôîñîì ïðîòÿãîì 10-òè äí³â â³äñîòîê ïðî-
íèêíîñò³ åðèòðîöèòàðíèõ ìåìáðàí ï³äâèùèâ-
ñÿ íà 4,9 % â³äïîâ³äíî äî êîíòðîëüíî¿ ãðóïè, 
ïðè 20-òè äåííîìó ââåäåíí³ êàðáîôîñó ìè 
ñïîñòåð³ãàëè ï³äâèùåííÿ íà 7,2 % òà íà 13,7 % 
ïðè 30-òè äåííîìó çàñòîñóâàíí³ òîêñèêàíòà. 

Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òîê-
ñè÷íèé âïëèâ êàðáîôîñó íà åðèòðîöèòàðí³ 
ìåìáðàíè, ùî ï³äòâåðäæóºòüñÿ çðîñòàííÿì 
â³äñîòêó ¿õ ïðîíèêíîñò³ ³ ìîæå áóòè íàñë³äêîì 
äåñòðóêòèâíîãî âïëèâó òîêñèêàíòà íà ñòðóê-
òóðí³ êîìïîíåíòè êë³òèííèõ ìåìáðàí

Âèñíîâêè. Ïðîâåäåí³ äîñë³äæåííÿ ï³ä-
òâåðäèëè òîêñè÷íèé âïëèâ êàðáîôîñó íà 
ñòàí êë³òèííèõ ìåìáðàí â îðãàí³çì³ óðàæåíèõ 
òâàðèí, ùî ñóïðîâîäæóºòüñÿ çì³íîþ ¿õ ïðî-
íèêíîñò³. Íà îñòàííº âêàçóº ï³äâèùåííÿ â 
ñèðîâàòö³ êðîâ³ àêòèâíîñò³ àì³íîòðàíñôåðàç 
òà ëóæíî¿ ôîñôàòàçè ïðîòÿãîì 30 äí³â äîñë³-
äæåííÿ, à òàêîæ çíèæåííÿ àêòèâíîñò³ äàíèõ 
åíçèì³â ó ïå÷³íö³. Äåñòðóêòèâíèé âïëèâ êàð-
áîôîñó òà éîãî ìåòàáîë³ò³â íà åðèòðîöèòè 
ï³äòâåðäæåíèé çá³ëüøåííÿì â³äñîòêó ïðî-
íèêíîñò³ åðèòðîöèòàðíèõ ìåìáðàí. Îòðèìà-
í³ ðåçóëüòàòè äàäóòü çìîãó âèêîðèñòàòè äàí³ 
ïîêàçíèêè ÿê ìàðêåðè ïðîíèêíîñò³ êë³òèííèõ 
ìåìáðàí çà óìîâ óðàæåííÿ ôîñôîðîðãàí³÷íè-
ìè ñïîëóêàìè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³-
äæåíü. Âðàõîâóþ÷è îòðèìàí³ ðåçóëüòàòè â 

Òàáëèöÿ 2

Àêòèâí³ñòü ÀñÀÒ ó ñèðîâàòö³ êðîâ³ (ìêìîëü/ë*ãîä) 
òà ïå÷³íö³ (ìêìîëü/êã*ãîä) ùóð³â çà óìîâ óðàæåííÿ 

êàðáîôîñîì (Ì±m, n=6) 

Ãðóïè òâàðèí

Ñèðîâàòêà êðîâ³ Ïå÷³íêà

Òåðì³íè äîñë³äæåííÿ, äîáè

10-à 20-à 30-à 10-à 20-à 30-à

²íòàêòíèé 
êîíòðîëü 0,78 ± 0,04 3,68 ± 0,25

Óðàæåí³ 
êàðáîôîñîì

0,92 ± 
0,07 

1,34 ± 
0,17*

2,32 ± 
0,12*

3,14 ± 
0,16

2,65 ± 
0,08

2,53 ± 
0,04

Ïðèì³òêà: *- â³ðîã³äí³ çì³íè ì³æ òâàðèíàìè ³íòàêòíîãî êîíòðîëþ òà 

óðàæåíèìè. 

Òàáëèöÿ 3

Àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè ó ñèðîâàòö³ êðîâ³ 
(ììîëü/ë) òà ïå÷³íö³ (ììîëü/êã) ùóð³â çà óìîâ 

óðàæåííÿ êàðáîôîñîì (Ì±m, n=6)

Ãðóïè òâàðèí

Ñèðîâàòêà êðîâ³ Ïå÷³íêà

Òåðì³íè äîñë³äæåííÿ, äîáè

10-à 20-à 30-à 10-à 20-à 30-à

²íòàêòíèé 
êîíòðîëü 14,23±0,80 12,61±0,37

Óðàæåí³ 
êàðáîôîñîì

16,75 
± 0,58

18,87 ± 
0,48*

21,31 ± 
0,59*

10,99 ± 
0,37*

7,20 ± 
0,49*

5,85 ± 
0,35*

Ïðèì³òêà: *- â³ðîã³äí³ çì³íè ì³æ òâàðèíàìè ³íòàêòíîãî êîíòðîëþ òà 

óðàæåíèìè. 

Òàáëèöÿ 4

Åðèòðîöèòàðíèé ³íäåêñ ³íòîêñèêàö³¿ â êðîâ³ ( %) 
ùóð³â çà óìîâ óðàæåííÿ êàðáîôîñîì (Ì±m, n=6)

Ãðóïè òâàðèí
Òåðì³íè äîñë³äæåííÿ, äîáè

10-à 20-à 30-à

²íòàêòíèé 
êîíòðîëü 28,46±0,66

Óðàæåí³ 
êàðáîôîñîì  33,32±0,51* 35,64±0,73* 42,17±0,70*

Ïðèì³òêà: *- â³ðîã³äí³ çì³íè ì³æ òâàðèíàìè ³íòàêòíîãî êîíòðîëþ òà 

óðàæåíèìè. 
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óìîâàõ óðàæåííÿ òâàðèí êàðáîôîñîì, íåîáõ³äíèì 

â ïîäàëüøîìó º â³äíàéòè òà çàñòîñóâàòè åôåêòèâ-

í³ ñõåìè êîðåêö³¿ âèÿâëåíèõ ïîðóøåíü, âèêîðèñòî-

âóþ÷è ñó÷àñí³ çàñîáè ç ìåìáðàíîïðîòåêòîðíèìè, 

àíòèîêñèäàíòíèìè òà àíòèã³ïîêñàíòíèìè âëàñòè-
âîñòÿìè. Ïåðåäáà÷àºòüñÿ çàñòîñóâàííÿ çà äàíèõ 
óìîâ ïðåïàðàòó ìåêñ³äîëó, ùî äàñòü ìîæëèâ³ñòü 
â³äêîðåãóâàòè â îðãàí³çì³ ïîðóøåííÿ ï³ñëÿ îòðóºííÿ 
ôîñôîðîðãàí³÷íèìè ñïîëóêàìè. 
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Permeability of the Plasmatic Membrane of Hepatocytes and Erythrocytes in the Dynamic of the Af-

fected Rats with Carbophos
Boyko L. A., Fira L. S., Lyhatsk³y P. G., Vasylyshyn N. A. 
Abstract. Introduction. Organophosphates belong to the constant factor of environmental pollution. Their pen-

etration into the human body leads to the general intoxication and formation of the numerous quantity of the endog-
enous toxins, which, together with exogenous xenobiotic act as toxic agents on the cell membranes. 

One of the most important markers of the degree of the toxic affects is the increasing of the permeability of the 
plasma membrane of hepatocytes and erythrocytes [5]. Based on these, the aim of our study was to determine the 
permeability of the plasmatic membrane of hepatocytes and erythrocytes in the dynamics of in the dynamic of the 
affected rats with carbophos. 

Materials and methods. Experiments were conducted on the white rats with the weight 175-200 g. The animals 
were kept on a standard food allowance at the vivarium of SHEI « I. Ya. Horbachevsky Ternopil State Medical Univer-
sity of the Ministry of Public Health of Ukraine». Animals were divided into four groups: the 1-st – intact control, the 
2-nd – the animals affected with carbophos during 10 days; the 3-d – the animals affected with carbophos during 
20 days and the 4-th – the rats affected with corbophos during 30 days. Carbophos was daily administrated intra-
gastrically in the form of the aqueous solution of 20 mg/kg on the weight of a rat, that is equal 1/10 from the LD

50
. 

On the 10-th, 20-th and 30-th day from the beginning of the carbophos administration rats were euthanized with 
sodium thiopental. 

Results and discussion. After the affecting rats with carbophos it was observed the increasing of the amino-
transferase activity in the serum during the all term of the researching. 

The activity of AlAT has increased in 1,3 times in the serum and decreased in 1,1 times in the liver at the 10 days 
injection of carbophos. This index has increased in 1,7 times in the serum and decreased in 1,2 times in the liver at 
the 20 days injection of carbophos. According to the 30 days administration of carbophos the activity of ALAT has 
increased in 2 times in the serum and decreased in 1,7 times in the liver. 

The same changes were observed in the determination of the activity of AsAT in the serum and liver of the affect-
ed animals. The reducing of the aminotransferases activity in the liver indicates on the cytolysis of the hepatocytes 
and the changes in the permeability of the membranes which leads to the releasing of the organ specific enzymes 
into the extracellular space. 

Another marker of the hepatocyte cytolysis is alkaline phosphatase (ALP), the increasing of its activity in the 
serum indicates the development of the inflammatory process in the liver. The activity of this enzyme has increased 
in 1. 2 times after the 10 days injection of carbophos, in 1,3 times (after the 20 days administration), in 1,5 times 
(after the 30 days administration) concerning to the intact control. The activity of ALP has decreased in the liver 

In the experiment, we investigated the permeability of the erythrocyte membranes. Established, that the per-
centage of membrane permeability increased after the affecting of animals with carbophos on the other hand it was 
confirmed by the increasing of the erythrocyte index of intoxication. The percentage of the erythrocyte membrane 
permeability has increased on 4,9 % concerning to the control group at the 10 days administration of carbophos, on 
7,2 % (at the 20 days administration) and 13,7 % (at the 30 days administration). 

Conclusion. The conducted researches confirmed the toxicity of carbophos influences on the state of the cell 
membranes in the affected animals, that is accompanied with the modification in their permeability. 

The last one indicates the increasing of aminotransferase and alkaline phosphatase in the serum during 30 days 
of the investigation, as well as reducing the activity of these enzymes in the liver. Destructive effect of carbophos 
and its metabolites on erythrocytes confirmed by the increasing of percentage of the permeability of erythrocyte’s 
membranes. 

Key words: Carbophos, aminotransferases, plasmatic membranes, hepatocytes, erythrocyte index of 
intoxication. 
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