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Äèàãíîñòè÷åñêîå çíà÷åíèå ôåðìåíòåìèè

è ôåðìåíòóðèè ó ðåöèïèåíòîâ ñ õðîíè÷åñêîé 

äèñôóíêöèåé ïî÷å÷íîãî àëëîòðàíñïëàíòàòà

Àëëîòðàíñïëàíòàöèÿ ïî÷êè ñåãîäíÿ çàíèìàåò âåäóùåå ìåñòî â 
ëå÷åíèè áîëüíûõ ñ õðîíè÷åñêîé ïî÷å÷íîé íåäîñòàòî÷íîñòüþ â òåðìè-
íàëüíîé ñòàäèè. Â îòäàëåííîì ïîñëåîïåðàöèîííîì ïåðèîäå ôóíêöèÿ 
àëëîòðàíñïëàíòàòà ó ÷àñòè ïàöèåíòîâ ìîæåò ñòðàäàòü â ðåçóëüòàòå 
äëèòåëüíîãî âîçäåéñòâèÿ ïîâðåæäàþùèõ ôàêòîðîâ àíòèãåíçàâèñèìîé 
è àíòèãåííåçàâèñèìîé ïðèðîäû [9, 11].

Ôóíêöèîíàëüíûå è ñòðóêòóðíûå èçìåíåíèÿ â ïî÷êå âîçíèêàþò 
ðàíüøå, âñëåäñòâèå ÷åãî ïîâûøàåòñÿ êðåàòèíèí èëè ïîÿâëÿåòñÿ ïðî-
òåèíóðèÿ, ÷òî çàòðóäíÿåò ðàííþþ äèàãíîñòèêó äèñôóíêöèè ïî÷å÷íîãî 
àëëîòðàíñïëàíòàòà (ÏÀÒ) [2] è äèêòóåò íåîáõîäèìîñòü ïîèñêà íîâûõ, 
áîëåå ÷óâñòâèòåëüíûõ è ñïåöèôè÷íûõ ìàðêåðîâ. Êðîìå òîãî, â ñëó÷àÿõ 
äèñôóíêöèè ÏÀÒ âàæíî îïðåäåëèòü, ïðîäîëæàåòñÿ ëè ïîâðåæäåíèå 
èëè èìåþò ìåñòî åãî íåîáðàòèìûå ïîñëåäñòâèÿ [11]. Â ïåðâîì ñëó÷àå 
íåîáõîäèìî ñðî÷íîå òåðàïåâòè÷åñêîå âìåøàòåëüñòâî, à âî âòîðîì íå-
èçáåæåí âîçâðàò ïàöèåíòà íà äèàëèç. 

Ìàðêåðàìè ïîâðåæäåíèÿ ÏÀÒ ìîãóò áûòü öèòîêèíû [9], ïðî-
ôèëüòðîâàííûå, íî íå ðåàáñîðáèðîâàííûå íèçêîìîëåêóëÿðíûå áåëêè, 
ñïåöèôè÷åñêèå ïðîäóöèðóåìûå â ïî÷êàõ ìîëåêóëû [10], à òàêæå 
ôåðìåíòû [7, 8, 17].

Ôåðìåíòû ìîãóò ïîñòóïàòü â ìî÷ó èç íåêðîòè÷åñêèõ, àïîïòîòè÷å-
ñêèõ, äèñôóíêöèîíàëüíûõ êëåòîê ýïèòåëèÿ êàíàëüöåâ, ãëîìåðóë è 
âíåïî÷å÷íûõ èñòî÷íèêîâ [10]. Óñòàíîâëåíî, ÷òî ìàêñèìàëüíîå êîëè÷å-
ñòâî ôåðìåíòîâ ñîäåðæèòñÿ â ýïèòåëèàëüíûõ êëåòêàõ ïðîêñèìàëüíûõ 
èçâèòûõ êàíàëüöåâ ïî÷êè [2, 4]; èçó÷åíà èõ âíóòðèêëåòî÷íàÿ ëîêàëè-
çàöèÿ [4]. Èìåþòñÿ ðàáîòû ïî èçó÷åíèþ äèàãíîñòè÷åñêîãî çíà÷åíèÿ 
ôåðìåíòåìèè è ôåðìåíòóðèè ïðè çàáîëåâàíèÿõ ïî÷åê ó äåòåé [6], ïðè 
äèàáåòè÷åñêîé ðåòèíîïàòèè [8], õðîíè÷åñêîì ïèåëîíåôðèòå [4], ïðè 
îñòðîì îòòîðæåíèè ÏÀÒ [5, 7]. Òîëüêî â åäèíè÷íûõ ïóáëèêàöèÿõ 
èçó÷àëîñü äèàãíîñòè÷åñêîå çíà÷åíèå ôåðìåíòåìèè è ôåðìåíòóðèè ó 
ðåöèïèåíòîâ ñ õðîíè÷åñêîé äèñôóíêöèåé ÏÀÒ [14]. Ïðè ýòîì âíè-
ìàíèå èññëåäîâàòåëåé áûëî ñêîíöåíòðèðîâàíî òîëüêî íà ôåðìåíòàõ 
ëèçîñîìàëüíîãî ïðîèñõîæäåíèÿ [15].

Ïî÷êè âëèÿþò íà ôåðìåíòíóþ àêòèâíîñòü ñûâîðîòêè, ÷òî äîêàçàíî 
äëÿ ëàêòàòäåãèäðîãåíàçû, àìèíîòðàíñôåðàç è ðÿäà äðóãèõ ýíçèìîâ [16]. 
Òàêèì îáðàçîì, ïîêà äî êîíöà íå âûÿñíåíî – êàêèå áèîõèìè÷åñêèå 
ïîêàçàòåëè êðîâè è ìî÷è ìîãóò äàòü ïîëíóþ èíôîðìàöèþ î íàëè÷èè 
ïàòîëîãè÷åñêîãî ïðîöåññà â ïî÷êå è î ñòåïåíè åãî àêòèâíîñòè. 

Öåëü íàøåãî èññëåäîâàíèÿ – èçó÷èòü äèàãíîñòè÷åñêóþ öåííîñòü 
ôåðìåíòåìèè è ôåðìåíòóðèè êàê ìàðêåðîâ õðîíè÷åñêîé äèñôóíêöèè 
ÏÀÒ ïóòåì îïðåäåëåíèÿ â ñûâîðîòêå êðîâè è â ìî÷å ôåðìåíòîâ: ùå-
ëî÷íîé êàåìêè – ãàììàãëóòàìèëòðàíñôåðàçû (-ÃÃÒ, ÅÑ 2.3.2.2) è 
ùåëî÷íîé ôîñôàòàçû (ÙÔ, ÅÑ 3.1.3.2), öèòîçîëÿ – àëàíèíàìèíîòðàíñ-
ôåðàçû (ÀëÀÒ, ÅÑ 2.6.1.2), ëèçîñîì – N-àöåòèë--D-ãåêñîçàìèíèäàçû 
(ÍÀÃ, ÅÑ 3.2.1.30) è ìèòîõîíäðèé – àñïàðòàòàìèíîòðàíñôåðàçû 
(ÀñÀÒ, ÅÑ 2.6.1.1).
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Ìàòåðèàë è ìåòîäû èññëåäîâàíèé. Â èññëåäîâàíèè ïðèíèìàëè 
ó÷àñòèå 79 ïàöèåíòîâ â âîçðàñòå îò 16 äî 59 ëåò (47 ìóæ÷èí è 32 
æåíùèíû), êîòîðûì â ïåðèîä ñ 1997 ïî 2011 ãîä òðàíñïëàíòèðîâàëè 
ïî÷êó â Çàïîðîæñêîì òðàíñïëàíòàöèîííîì öåíòðå. Âñå ðåöèïèåíòû 
ÏÀÒ, âêëþ÷åííûå â èññëåäîâàíèå, ïîëó÷àëè òðåõêîìïîíåíòíóþ èì-
ìóíîñóïðåññèâíóþ òåðàïèþ. 

Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè èñòîðèè áîëåçíè è àì-
áóëàòîðíûå êàðòû ïàöèåíòîâ, ñûâîðîòêà êðîâè è ìî÷à. Èñïîëüçóÿ 
â êà÷åñòâå îñíîâíîãî êðèòåðèÿ ôóíêöèè ÏÀÒ óðîâåíü êðåàòèíèíà â 
ñûâîðîòêå êðîâè, áûëè ñôîðìèðîâàíû ãðóïïû ïàöèåíòîâ ñ íîðìàëüíîé 
ôóíêöèåé ÏÀÒ (<150 ìêìîëü/ë) è ñ õðîíè÷åñêîé äèñôóíêöèåé (150 
ìêìîëü/ë). Ýòè ãðóïïû äîñòîâåðíî íå ðàçëè÷àëèñü ïî ïîëó, âîçðàñòó 
è òèïó èììóíîñóïðåññèè.

Îáðàçöû ñûâîðîòêè ïîëó÷àëè ïîñëå öåíòðèôóãèðîâàíèÿ êðîâè, 
âçÿòîé óòðîì íàòîùàê. Ñûâîðîòêó èññëåäîâàëè â òîò æå äåíü èëè õðà-
íèëè â ìîðîçèëüíîé êàìåðå ïðè òåìïåðàòóðå –20Ñ. Îáðàçöû ìî÷è äëÿ 
èññëåäîâàíèÿ ñîáèðàëè â óòðåííèå ÷àñû (ñ 7-00 äî 9-00), îòñòàèâàëè 
ïðè òåìïåðàòóðå +4°Ñ â òå÷åíèå 3 ÷ è öåíòðèôóãèðîâàëè â òå÷åíèå 
15 ìèí ïðè 3000 îá.ìèí. Ïîäãîòîâëåííóþ ìî÷ó èññëåäîâàëè â òîò 
æå äåíü èëè õðàíèëè â õîëîäèëüíèêå ïðè +4Ñ â òå÷åíèå íåäåëè [2]. 
Óðîâåíü àêòèâíîñòè ÀñÀÒ, ÀëÀÒ, -ÃÃÒ è ÙÔ â ïðîáàõ ñûâîðîòêè è 
ìî÷è ïàöèåíòîâ ïðîâîäèëè áèîõèìè÷åñêèì ìåòîäîì ñ èñïîëüçîâàíèåì 
ñòàíäàðòíûõ íàáîðîâ ðåàêòèâîâ ôèðìû «Ôèëèñèò-Äèàãíîñòèêà», îï-
òè÷åñêóþ ïëîòíîñòü èçìåðÿëè íà ñïåêòðîôîòîìåòðå «ÀÐÅL» (ßïîíèÿ). 

ÍÀÃ â ñûâîðîòêå êðîâè íå îïðåäåëÿëè, òàê êàê, ïî èìåþùèìñÿ 
ëèòåðàòóðíûì äàííûì, ÍÀÃ áûñòðî ïîäâåðãàåòñÿ ðàçðóøåíèþ è åãî 
àêòèâíîñòü â êðîâè î÷åíü íèçêà [3]. Àêòèâíîñòü ÍÀÃ â ïîðöèÿõ ìî÷è 
îïðåäåëÿëè ôîòîìåòðè÷åñêèì ìåòîäîì ïî êîëè÷åñòâó îáðàçîâàâøåãîñÿ 
âî âðåìÿ ðåàêöèè ð-íèòðîôåíîëà èç ðàñòâîðà ñóáñòðàòà 4-íèòðîôåíèë-
N-àöåòèë--D-ãëþêîçàìèíèä ôèðìû SIGMA-ALDRICH (Ãåðìàíèÿ) [6, 8]. 

Ïîëó÷åííûå ðåçóëüòàòû àêòèâíîñòè ôåðìåíòîâ â ìî÷å ïåðåñ÷èòûâàëè 
íà óðîâåíü êðåàòèíèíà (Êð), îïðåäåëåííûé â òîé æå ïîðöèè ìî÷è [4, 
8] ïî ìåòîäó ßôôå-Ïîïïåðà ñ ïèêðèíîâîé êèñëîòîé.

Ïîñêîëüêó ðàñïðåäåëåíèå âñåõ äàííûõ îòëè÷àëîñü îò íîðìàëüíîãî 
(êðèòåðèé Øàïèðî-Óèëêà), èõ âûðàæàëè â âèäå ìåäèàíû è ìåæêâàð-
òèëüíîãî ðàçìàõà; äëÿ îöåíêè äîñòîâåðíîñòè îòëè÷èé ìåæäó ãðóïïàìè 
èñïîëüçîâàëè Mann-Whitney U-òåñò, à äëÿ èçó÷åíèÿ âçàèìîñâÿçè ìåæäó 
íèìè ðàññ÷èòûâàëè êîýôôèöèåíò êîððåëÿöèè Ñïèðìåíà (R).

Äëÿ èçó÷åíèÿ öåííîñòè ïîêàçàòåëÿ àêòèâíîñòè êàæäîãî èç âûÿâ-
ëåííûõ â ìî÷å ôåðìåíòîâ â ïëàíå ïðåäñêàçàíèÿ ðèñêà ðàçâèòèÿ äèñ-
ôóíêöèè ÏÀÒ ïðèìåíÿëè ìåòîä ëîãèñòè÷åñêîé ðåãðåññèè. Îïðåäåëÿëè 
îòíîøåíèå øàíñîâ (ÎØ) è 95% äîâåðèòåëüíûé èíòåðâàë.

Îòëè÷èÿ ìåæäó ãðóïïàìè, ïðåäñêàçàòåëüíàÿ öåííîñòü êðèòåðèÿ, 
êîððåëÿöèîííàÿ çàâèñèìîñòü ñ÷èòàëèñü äîñòîâåðíûìè ïðè ð<0,05. Âî 
âñåõ ñëó÷àÿõ âåëè÷èíû ð áûëè äâóõñòîðîííèìè. Âñå âèäû àíàëèçà âû-
ïîëíÿëè ñ èñïîëüçîâàíèåì ïðîãðàììû Statistica 6.0 (StatSoft Inc., USA). 

Èññëåäîâàíèå áûëî îäîáðåíî ýòè÷åñêîé êîìèññèåé ÃÇ «ÇÌÀÏÎ ÌÇ 
Óêðàèíû».

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. Ðàññìîòðèì àêòèâíîñòü 
ôåðìåíòîâ â ñûâîðîòêå êðîâè è ìî÷å ðåöèïèåíòîâ ÏÀÒ (òàáë. 1). Ïîëó-
÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî àêòèâíîñòü ôåðìåíòîâ 
êðîâè íå îòëè÷àëàñü â ãðóïïàõ ñ íîðìàëüíîé ôóíêöèåé ÏÀÒ è ïðè 
åãî õðîíè÷åñêîé äèñôóíêöèè, è íå ÿâëÿåòñÿ èíôîðìàòèâíûì òåñòîì 
ïîâðåæäåíèÿ ÏÀÒ, â îòëè÷èå îò àêòèâíîñòè ïî÷å÷íûõ èçîôîðì ýòèõ 
ôåðìåíòîâ, îïðåäåëåííûõ â ìî÷å.

Ïîêàçàòåëè ýíçèìóðèè ñâèäåòåëüñòâóþò î òîì, ÷òî àêòèâíîñòü 
-ÃÃÒ, ÙÔ, ÍÀÃ è ÀñÀÒ â ìî÷å áûëà äîñòîâåðíî âûøå ó ïàöèåíòîâ 
ñ õðîíè÷åñêîé äèñôóíêöèåé ÏÀÒ.
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Äîñòîâåðíîå ïîâûøåíèå ýêñêðåöèè ñ ìî÷îé ôåðìåíòîâ -ÃÃÒ è 
ÙÔ, ïî-âèäèìîìó, ñâÿçàíî ñ ïîâðåæäåíèåì ùåòî÷íîé êàåìêè ýïèòå-
ëèÿ ïðîêñèìàëüíûõ êàíàëüöåâ ïî÷êè ïîä äåéñòâèåì ïàòîëîãè÷åñêèõ 
ôàêòîðîâ ðàçëè÷íîãî ãåíåçà [13, 16] è ÿâëÿåòñÿ ïåðâûì ïðèçíàêîì 
ïîâðåæäåíèÿ ïî÷å÷íîãî êàíàëüöåâîãî ýïèòåëèÿ [2]. 

Äîñòîâåðíîå óâåëè÷åíèå àêòèâíîñòè â ìî÷å òàêèõ âíóòðèêëåòî÷íûõ 
ôåðìåíòîâ, êàê ÍÀÃ è ÀñÀÒ, ó ïàöèåíòîâ ñ ïðèçíàêàìè äèñôóíêöèè 
ÏÀÒ ìîæåò áûòü ïðèçíàêîì çíà÷èòåëüíîãî ïîâðåæäåíèÿ âíóòðèêëå-
òî÷íûõ ìåìáðàí ýïèòåëèîöèòîâ ïðîêñèìàëüíûõ êàíàëüöåâ [13], è ïî-
ÿâëåíèÿ â ìî÷å ñîäåðæèìîãî ìèòîõîíäðèé è ëèçîñîì. 

Óâåëè÷åíèå àêòèâíîñòè ýòèõ ôåðìåíòîâ ó ïàöèåíòîâ ñ ïðèçíàêàìè 
äèñôóíêöèè ÏÀÒ ñâèäåòåëüñòâóåò îá àêòèâíîé ñòàäèè ïðîöåññîâ ïî-
âðåæäåíèÿ âïëîòü äî îñòðîãî êàíàëüöåâîãî íåêðîçà, ÷òî ïîäòâåðæäàþò 
ìîðôîëîãè÷åñêèå ìåòîäû [1, 2].

Òàáëèöà 1

Àêòèâíîñòü ôåðìåíòîâ â ñûâîðîòêå êðîâè è ìî÷å ðåöèïèåíòîâ ÏÀÒ

Íàçâàíèå ôåðìåíòà, åäèíèöû 
èçìåðåíèÿ

Áåç äèñôóíêöèè ÏÀÒ 
(n=40)

C äèñôóíêöèåé ÏÀÒ 
(n=39)

ð

ÀñÀÒ (ñûâîðîòêà), ìêìîëü/
(÷ìë)

0,40 (0,20–0,40)1 0,30 (0,20–0,50) 0,90

ÀñÀÒ/Êð (ìî÷à), ìêìîëü/
(÷ìë)/ììîëü/ë

0,009 (0,004–0,019) 0,021 (0,011–0,033) 0,01

ÀëÀò (ñûâîðîòêà), ìêìîëü/
(÷ìë)

0,40 (0,30–0,50) 0,40 (0,30–0,50) 0,94

ÀëÀÒ/Êð (ìî÷à), ìêìîëü/
(÷ìë)/ììîëü/ë

0,02 (0,01–0,03) 0,01 (0,00–0,020) 0,68

-ÃÃÒ (ñûâîðîòêà), ìêìîëü/
(cë)

0,90 (0,70–1,40) 1,20 (0,90–1,50) 0,37

-ÃÃÒ/Êð (ìî÷à), ìêìîëü/
(cë)/ììîëü/ë

0,05 (0,04–0,09) 0,08 (0,05–0,14) 0,04

ÙÔ (ñûâîðîòêà), íìîëü/(ñë) 1743 (1328–2656) 2241 (954–3569) 0,96

ÙÔ/Êð (ìî÷à), íìîëü/(ñë)/
ììîëü/ë

91,6 (51,5–158,2) 127,9 (72,0–250,1) 0,04

ÍÀÃ/Êð (ìî÷à), íìîëü/(ñë)/
ììîëü/ë

14,3 (6,3–24,0) 21,7 (12,8–39,8) 0,01

Ïðèìå÷àíèå: 1 – ìåäèàíà (ìåæêâàðòèëüíûé ðàçìàõ)

Äëÿ èçó÷åíèÿ çàâèñèìîñòè àêòèâíîñòè èçó÷àåìûõ ôåðìåíòîâ ñû-
âîðîòêè è ìî÷è áûë ïðîâåäåí êîððåëÿöèîííûé àíàëèç. Â ñûâîðîòêå 
êðîâè áûëà âûÿâëåíà ñëàáàÿ ñòåïåíü êîððåëÿöèè òîëüêî ìåæäó àê-
òèâíîñòüþ ÀëÀÒ è ÀñÀÒ (r=0,4; p<0,05). Òàêæå íå áûëî âûÿâëåíî 
âçàèìîñâÿçè ìåæäó àêòèâíîñòÿìè ÀëÀÒ, ÀñÀÒ, ÙÔ, -ÃÃÒ â ñûâîðîòêå 
êðîâè è èõ ñîäåðæàíèåì â ìî÷å (òàáë. 2, p>0,05). Ýòî ñîîòâåòñòâóåò 
ëèòåðàòóðíûì äàííûì î ïî÷å÷íîì ïðîèñõîæäåíèè èçîôîðì èññëå-
äóåìûõ ôåðìåíòîâ â ìî÷å è ñâèäåòåëüñòâóåò î íåöåëåñîîáðàçíîñòè 
èññëåäîâàíèÿ ôåðìåíòîâ â ñûâîðîòêå ïðè ìîíèòîðèíãå ïàöèåíòîâ ñ 
õðîíè÷åñêîé äèñôóíêöèåé ÏÀÒ.

Ïðè èññëåäîâàíèè ñâÿçåé ìåæäó àêòèâíîñòüþ ôåðìåíòîâ â ìî÷å 
ïîêàçàíî íàëè÷èå êîððåëÿöèé óìåðåííîé ñòåïåíè (òàáë. 2). Êîððå-
ëÿöèþ ìåæäó àêòèâíîñòüþ ÙÔ è -ÃÃÒ â ìî÷å ìîæíà îáúÿñíèòü 
êîëîêàëèçàöèåé ýòèõ ôåðìåíòîâ â ùåòî÷íîé êàåìêå [2]. Íàëè÷èå 
óìåðåííîé êîððåëÿöèè âñåãî ñïåêòðà èññëåäóåìûõ ôåðìåíòîâ â ìî÷å 
ñ àêòèâíîñòüþ ÍÀÃ ìîæåò ñâèäåòåëüñòâîâàòü î áîëåå ãëóáîêîì ïî-
âðåæäåíèè òóáóëÿðíîãî ýïèòåëèÿ ïðîêñèìàëüíûõ êàíàëüöåâ ïî÷êè 
âïëîòü äî öèòîëèçà.
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Òàáëèöà 2

Êîððåëÿöèîííàÿ çàâèñèìîñòü àêòèâíîñòè ôåðìåíòîâ ñûâîðîòêè
è ìî÷è ó ðåöèïèåíòîâ ÏÀÒ

Íàçâàíèå
ôåðìåíòà,
åäèíèöû

èçìåðåíèÿ

ÀëÀÒ/
Êð (ìî÷à), 
ìêìîëü/
(÷ìë)/
ììîëü/ë

ÀñÀÒ/
Êð (ìî÷à), 
ìêìîëü/
(÷ìë)/
ììîëü/ë

ÙÔ/Êð 
(ìî÷à), 

íìîëü/(ñë)/
ììîëü/ë

-ÃÃÒ/
Êð (ìî÷à), 

ìêìîëü/(cë)/
ììîëü/ë

ÍÀÃ/Êð 
(ìî÷à), 

íìîëü/(ñë)/
ììîëü/ë

ÀëÀÒ
(ñûâîðîòêà), 
ìêìîëü/(÷ìë)

0,171 –0,19 0,14 0,15 0,07

ÀñÀÒ
(ñûâîðîòêà), 
ìêìîëü/(÷ìë)

0,12 –0,13 0,14 0,14 0,06

ÙÔ
(ñûâîðîòêà), 
íìîëü/(ñë)

–0,35 –0,25 –0,08 –0,35 –0,32

-ÃÃÒ
(ñûâîðîòêà), 
ìêìîëü/(cë)

0,31 –0,19 0,23 0,07 0,03

ÀëÀÒ/
Êð (ìî÷à), 
ìêìîëü/
(÷ìë)/
ììîëü/ë

0,21 0,56 
(p<0,05)

0,53 
(p<0,05)

0,56 
(p<0,05)

ÀñÀÒ/
Êð (ìî÷à), 
ìêìîëü/
(÷ìë)/ 
ììîëü/ë

0,21 0,21 0,15 0,47 
(p<0,05)

ÙÔ/Êð 
(ìî÷à), íìîëü/
(ñë)/ììîëü/ë

0,56 
(p<0,05)

0,21 0,60 
(p<0,05)

0,67 
(p<0,05)

-ÃÃÒ/
Êð (ìî÷à), 
ìêìîëü/(cë)/
ììîëü/ë

0,53 
(p<0,05)

0,15 0,60 
(p<0,05)

0,56 
(p<0,05)

ÍÀÃ/Êð 
(ìî÷à), íìîëü/
(ñë)/ììîëü/ë

0,56 
(ð<0,05)

0,47 
(ð<0,05)

0,67 
(ð<0,05)

0,56 
(ð<0,05)

Ïðèìå÷àíèå:  1 – êîýôôèöèåíò êîððåëÿöèè

Äëÿ ïðîâåäåíèÿ ðåãðåññèîííîãî àíàëèçà â ìàòðèöó áûëè ââåäåíû 
òîëüêî òå ôåðìåíòû, àêòèâíîñòü êîòîðûõ äîñòîâåðíî îòëè÷àëàñü ìåæäó 
ãðóïïàìè ñðàâíåíèÿ: -ÃÃÒ, ÙÔ, ÍÀÃ è ÀñÀÒ (ñì. òàáë. 1). Ïðèìåíå-
íèå ìîíîâàðèàíòíîé ëîãèñòè÷åñêîé ðåãðåññèè ïîçâîëèëî óñòàíîâèòü, 
÷òî ñðåäè ïðèñóòñòâóþùèõ â ìî÷å ôåðìåíòîâ òîëüêî àêòèâíîñòü ÍÀÃ 
è ÙÔ áûëà äîñòîâåðíî ñâÿçàíà ñ ðèñêîì ðàçâèòèÿ äèñôóíêöèè ÏÀÒ 
(òàáë. 3). Ìóëüòèâàðèàíòíûé àíàëèç ïîêàçàë, ÷òî ëèøü àêòèâíîñòü 
ÍÀÃ â ìî÷å èìåëà íåçàâèñèìóþ ïðåäñêàçàòåëüíóþ öåííîñòü (p<0,05).

ÍÀÃ – ýòî ãèäðîëèòè÷åñêèé ëèçîñîìàëüíûé ôåðìåíò, ïðåèìóùå-
ñòâåííî ëîêàëèçîâàííûé â ïðîêñèìàëüíûõ êàíàëüöàõ, ìîëåêóëÿðíàÿ 
ìàññà êîòîðîãî 130...140 êÄà èñêëþ÷àåò âîçìîæíîñòü åãî ôèëüòðàöèè 
÷åðåç íåïîâðåæäåííûé ãëîìåðóëÿðíûé ôèëüòð [8, 15]. Ïîëó÷åííûå 
ðåçóëüòàòû ïîäòâåðæäàþò äàííûå ëèòåðàòóðû î ÍÀÃ êàê î ÷óâñòâè-
òåëüíîì ìàðêåðå êàíàëüöåâîé äèñôóíêöèè [14]. Èõ àíàëèç ñâèäåòåëü-
ñòâóåò, ÷òî òîëüêî ãëóáîêèå íåîáðàòèìûå èçìåíåíèÿ ýïèòåëèîöèòîâ 
ïî÷å÷íûõ êàíàëüöåâ, âûçâàííûå ïîâðåæäåíèåì ëèçîñîì, ïðîÿâëÿþòñÿ 
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ïîâûøåíèåì êðåàòèíèíà ñûâîðîòêè, òîãäà êàê ïîâðåæäåíèÿ äðóãèõ 
êëåòî÷íûõ ñòðóêòóð îáðàòèìû, ëèáî ìîãóò áûòü ñêîìïåíñèðîâàíû. 

Ïî äàííûì [10], âûñîêàÿ àêòèâíîñòü ÍÀÃ â ìî÷å óêàçûâàåò íà ïðî-
äîëæàþùååñÿ îñòðîå ïîâðåæäåíèå êàíàëüöåâîãî ýïèòåëèÿ, à ñòàáèëüíîå 
ïîâûøåíèå åãî àêòèâíîñòè ÿâëÿåòñÿ íåáëàãîïðèÿòíûì ïðîãíîñòè÷åñêèì 
ôàêòîðîì äëÿ âîññòàíîâëåíèÿ ôóíêöèè ïî÷êè. 

Ñîãëàñíî [10], ïîâûøåíèå àêòèâíîñòè ìî÷åâîãî ÍÀÃ – âûñîêî-
ñïåöèôè÷íûé íåèíâàçèâíûé òåñò, óêàçûâàþùèé íà ïîðàæåííûé 
ñåãìåíò íåôðîíà, îòíîñèòåëüíî ïðîñòîé, áûñòðûé, àêêóðàòíûé è íå-
äîðîãîé, ÷òî äåëàåò âîçìîæíûìè ñåðèéíûå èññëåäîâàíèÿ áîëüøîãî 
êîëè÷åñòâà îáðàçöîâ. Ýòè õàðàêòåðèñòèêè ïðèáëèæàþò åãî ê èäåàëü-
íîìó áèîìàðêåðó.

Â çàêëþ÷åíèå êîíñòàòèðóåì, ÷òî óñòàíîâëåííîå íàìè ïîâûøåíèå àê-
òèâíîñòè ðÿäà ôåðìåíòîâ â ìî÷å ðåöèïèåíòîâ ÏÀÒ ïðè åãî õðîíè÷åñêîé 
äèñôóíêöèè, ñ îäíîé ñòîðîíû, óêàçûâàåò íà àêòèâíóþ ôàçó ïðîöåññà, 
à ñ äðóãîé – íà îòíîñèòåëüíóþ ñîõðàííîñòü ïî÷å÷íîé ïàðåíõèìû, ïî-
ñêîëüêó àòðîôèÿ íåôðîòåëèÿ âëå÷åò çà ñîáîé ñòîéêóþ ãèïîôåðìåíòó-
ðèþ [1, 2]. Ýòî ÿâëÿåòñÿ îñíîâàíèåì äëÿ àêòèâíûõ òåðàïåâòè÷åñêèõ 
âìåøàòåëüñòâ ñ öåëüþ ñîõðàíåíèÿ è âîññòàíîâëåíèÿ ôóíêöèè ÏÀÒ.

Òàáëèöà 3

Ðåãðåññèîííûé àíàëèç ñòåïåíè ðèñêà ðàçâèòèÿ äèñôóíêöèè ÏÀÒ

Àêòèâíîñòü ôåðìåíòà
â ìî÷å

Ìîíîâàðèàíòíûé àíàëèç Ìóëüòèâàðèàíòíûé àíàëèç

ÎØ 95%
äîâåðèòåëüíûé 

èíòåðâàë

ð ÎØ 95%
äîâåðèòåëüíûé 

èíòåðâàë

ð

ÍÀÃ/Êð íìîëü/(ñë)/
ììîëü/ë

1,26 1,07–1,49 0,01 1,38 1,08–1,77 0,01

ÙÔ/Êð íìîëü/(ñë)/
ììîëü/ë

1,13 1,01–1,26 0,04 1,04 0,92–1,18 0,53

ÀñÀÒ/Êð ìêìîëü/
(÷ìë)/ììîëü/ë

1,53 0,50–4,71 0,46

-ÃÃÒ/Êð ìêìîëü/
(cë)/ììîëü/ë

1,11 0,76–1,61 0,58

Ïðèìå÷àíèÿ: ÎØ – îòíîøåíèå øàíñîâ; ð – äîñòîâåðíîñòü ÎØ.

Âûâîäû. Äëÿ äèàãíîñòèêè õðîíè÷åñêîé äèñôóíêöèè ÏÀÒ îïðåäå-
ëåíèå àêòèâíîñòè ôåðìåíòîâ ñûâîðîòêè êðîâè ìàëîèíôîðìàòèâíî, â 
òî âðåìÿ êàê èçó÷åíèå ôåðìåíòóðèè äàåò èíôîðìàöèþ íå òîëüêî î 
ïîâðåæäåíèè ïî÷å÷íîãî ýïèòåëèÿ, íî è î ëîêàëèçàöèè è ãëóáèíå ýòèõ 
ïîâðåæäåíèé. Ïîâûøåíèå àêòèâíîñòè -ÃÃÒ, ÙÔ ÍÀÃ è ÀñÀÒ â ìî÷å 
ó ïàöèåíòîâ ñ õðîíè÷åñêîé äèñôóíêöèåé ÏÀÒ ñâèäåòåëüñòâóåò î ïðî-
äîëæàþùåìñÿ ïîâðåæäåíèè ýïèòåëèÿ ïðîêñèìàëüíîãî îòäåëà íåôðîíà, 
êîòîðîå ïðåâàëèðóåò íàä ïðîöåññàìè àòðîôèè. Ñðåäè èçó÷åííûõ ôåð-
ìåíòîâ òîëüêî àêòèâíîñòü ÍÀÃ â ìî÷å ñâèäåòåëüñòâóåò î íåîáðàòèìîì 
ïîâðåæäåíèè ýïèòåëèÿ ïðîêñèìàëüíûõ êàíàëüöåâ è ÿâëÿåòñÿ íåçàâè-
ñèìûì ïðåäèêòîðîì õðîíè÷åñêîé äèñôóíêöèè ÏÀÒ.
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Ä²ÀÃÍÎÑÒÈ×ÍÅ ÇÍÀ×ÅÍÍß ÔÅÐÌÅÍÒÅÌ²¯ ² ÔÅÐÌÅÍÒÓÐ²¯ 
Ó ÐÅÖÈÏ²ªÍÒ²Â ²Ç ÕÐÎÍ²×ÍÎÞ ÄÈÑÔÓÍÊÖ²ªÞ ÍÈÐÊÎÂÎÃÎ 

ÀËÎÒÐÀÍÑÏËÀÍÒÀÒÓ

Ì.Â. ÏËÅÒÅÍÜ, À.Â. ÒÐÀ²Ë²Í, Í.Ô. ªÔ²ÌÅÍÊÎ, Ò.². ÎÑÒÀÏÅÍÊÎ
ÄÇ «Çàïîð³çüêà ìåäè÷íà àêàäåì³ÿ ï³ñëÿäèïëîìíî¿ îñâ³òè ÌÎÇ Óêðà¿íè»

Ìåòîþ äîñë³äæåííÿ áóëî âèâ÷åííÿ ä³àãíîñòè÷íî¿ ö³ííîñò³ ôåðìåíòåì³¿ ³ ôåðìåíòóð³¿ 

ÿê ìàðêåð³â õðîí³÷íî¿ äèñôóíêö³¿ íèðêîâîãî àëîòðàíñïëàíòàòó (ÍÀÒ). Âñòàíîâ-

ëåíî, ùî çì³íè àêòèâíîñò³ ôåðìåíò³â ó êðîâ³ íå ìàþòü ä³àãíîñòè÷íîãî çíà÷åííÿ. 

Ï³äâèùåííÿ àêòèâíîñò³ ôåðìåíò³â ù³òêîâî¿ îáëÿì³âêè – ãàìàãëóòàì³ëòðàíñôåðàçè 

³ ëóæíî¿ ôîñôàòàçè, ë³çîñîì – N-àöåòèë--D-ãåêñîçàì³í³äàçè (ÍÀÃ) ³ ì³òîõîíäð³é – 

àñïàðòàòàì³íîòðàíñôåðàçè ó ñå÷³ ðåöèï³ºíò³â ç õðîí³÷íîþ äèñôóíêö³ºþ ÍÀÒ ñâ³ä÷èòü 

ïðî àêòèâíå ïîøêîäæåííÿ ÍÀÒ. Ò³ëüêè âèñîêà àêòèâí³ñòü ÍÀÃ ó ñå÷³ ñâ³ä÷èòü ïðî 

ãëèáîêå íåçâîðîòíå ïîøêîäæåííÿ åï³òåë³þ ïðîêñèìàëüíèõ êàíàëüö³â ³ º íåçàëåæíèì 

ïðåäèêòîðîì õðîí³÷íî¿ äèñôóíêö³¿ ÍÀÒ.

Êëþ÷îâ³ ñëîâà: íèðêîâèé àëîòðàíñïëàíòàò, õðîí³÷íà äèñôóíêö³ÿ, ãàììàãëóòàì³ë-

òðàíñôåðàçà, ëóæíà ôîñôàòàçà, àëàí³íàì³íîòðàíñôåðàçà, àñïàðòàòàì³íîòðàíñôåðàçà, 

N-àöåòèë-â-D-ãåêñîçàì³í³äàçà.

DIAGNOSTIC VALUE OF ENZYMEMIA AND ENZYMURIA
IN RECIPIENTS WITH CHRONIC KIDNEY ALLOGRAFT DYSFUNCTION

M. PLETEN, A. TRAILIN, N. YEFIMENKO, T. OSTAPENKO
Zaporizhzhia Medical Academy of Postgraduate Education 

Kidney transplantation is the most efficient and economically sound treatment mode 

for patients with chronic renal insufficiency, restoring organism homeostasis and qual-

ity of life. Even with modern highly efficient immunosuppressive therapy pathological 

processes are developed in transplant with time, leading to its dysfunction. Functional 
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and structural changes in the kidney occur before increase in serum creatinine or pro-

teinuria, which makes early diagnosis of kidney allograft (KAG) dysfunction difficult, 

and calls for the search of new, more sensitive and specific markers. Moreover, in cases 

of KAG dysfunction it is important to determine whether damage is ongoing or we deal 

with an irreversible sclerosis and atrophy in the allograft. 

The aim of the study was to investigate the diagnostic value of the en-zymemia 

and enzymuria as markers of chronic KAG dysfunction evaluating in the serum and 

urine enzymes of brush border– -glutamiltransferase (-GGT, EC 2.3.2.2) and alkaline 

phosphatase (AP, EC 3.1.3.2), cytosol – alanine aminotransferase (ALT, EC 2.6.1.2), lys-

osomes – N-acetyl--D-hexosaminidase (NAG, EC 3.2.1.30) and mitochondria – aspartate-

aminotransferase (AST, EC 2.6.1.1). 

AP, -GGT, ALT, AST were measured by standard laboratory methods using the spec-

trophotometer «ÀÐÅL» (Japon). NAG activity was measured in the urine by a colorimetric 

assay. In brief, this method uses the substrate 4-nitrophenyl-N-acetyl--D-glucosaminide, 

which is hydrolyzed by NAG when present in the urinary sample. This reaction releases 

p-Nitrophenol, which is measured by spectrophotometry.

Analysis of the results showed no significant differences in the activity of the en-

zymes in the blood, that demonstrates the inutility of enzymes studies in the serum in 

the monitoring of patients with chronic KAG dysfunction. Significant increase in the 

urinary excretion of -GGT, AP, NAG and AST in patients with chronic KAG dysfunction 

indicates the continuing damage of the epithelium of the proximal tubules and requires 

therapeutic interventions.

In the study of relations between the activity of the studied enzymes in urine we 

showed the moderate degree of correlation between the activity of AP and -GGT in 

urine (R=0,60) may be due to colocalization of these enzymes in the brush border. The 

moderate correlation of the full range of the studied enzymes in urine with NAG activity 

(R=0,47–0,67) may be indicative of a deeper damage of renal proximal tubules epithelial 

cells up to cytolysis.

Application of univariant logistic regression revealed that only the activity of AP 

(OR=1,13, P=0,04) and NAG (OR=1,26, P=0,01) were significantly associated with the 

risk of KAG dysfunction. Multivariate analysis showed that only the activity of NAG 

in urine had an independent predictive value (OR=1,38, P=0,01). Among the studied 

enzymes only active lysosomal enzyme NAG in urine shows a deep irreversible damage 

to proximal tubular epithelium of the kidney and is an independent predictor of KAG 

chronic dysfunction.

Our findings suggest the diagnostics value of urinary enzymes, first of all, NAG, 

that indicates the active damage of the epithelium of the proximal tubules and requires 

prescribing of pathogenetically relevant therapy.

Key words: renal allograft, ñhronic dysfunction, -glutamiltransferase, alkaline phos-

phatase, alanine aminotransferase, aspartat aminotransferase, N-acetyl--D-hexosaminidase.
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Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ì. Äàíèëà Ãàëèöüêîãî

Îñîáëèâîñò³ êë³í³êè òà äèíàì³êà ì³êðîôëîðè

ó õâîðèõ íà ñèíäðîì ïîäðàçíåíî¿ êèøêè

Ñåðåä çàõâîðþâàíü êèøå÷íèêó âàæëèâå ì³ñöå çàéìàþòü ôóíêö³î-
íàëüí³ ïîðóøåííÿ, ÿê³ íå ñóïðîâîäæóþòüñÿ áóäü-ÿêèìè ìîðôîëîã³÷-
íèìè çì³íàìè. Ñåðåä íèõ íàéá³ëüø ïîøèðåíèì º ñèíäðîì ïîäðàçíåíî¿ 
êèøêè (ÑÏÊ). Çã³äíî ç Ðèìñüêèìè êðèòåð³ÿìè ²²², ÑÏÊ – öå ñòàëà 
ñóêóïí³ñòü ôóíêö³îíàëüíèõ ïîðóøåíü, ÿê³ ñïîñòåð³ãàþòüñÿ ó äèñ-
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