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ÊÐÈÎÊÎÍÑÅÐÂÈÐÎÂÀÍÈÅ ÑÏÅÐÌÀÒÎÇÎÈÄÎÂ ×ÅËÎÂÅÊÀ
Â ÏÂÏ È ÑÀÕÀÐÎÇÅ

Â äàííîì èññëåäîâàíèè èçó÷àëè óðîâåíü æèçíåñïîñîáíîñòè ñïåðìèåâ ÷åëîâåêà ïîñëå
êðèîêîíñåðâèðîâàíèÿ ñ íåïðîíèêàþùèìè êðèîïðîòåêòîðàìè, êîòîðûå íå òðåáóþò óäà-
ëåíèÿ èç ñóñïåíçèè êëåòîê ïåðåä ïðèìåíåíèåì ñïåðìàòîçîèäîâ âî âñïîìîãàòåëüíûõ
ðåïðîäóêòèâíûõ òåõíîëîãèÿõ (ÂÐÒ). Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé óñòàíî-
âèëè, ÷òî èñïîëüçîâàíèå ñàõàðîçû è ïîëèâèíèëïèððîëèäîíà (ÏÂÏ) â ðàçëè÷íûõ êîì-
áèíàöèÿõ â êà÷åñòâå êðèîçàùèòíûõ àãåíòîâ ïðè çàìîðàæèâàíèè ñïåðìàòîçîèäîâ ïî-
çâîëÿåò ïîëó÷èòü èõ âûæèâàåìîñòü íà óðîâíå 60–80 %. Òàêèì îáðàçîì, êðèîêîíñåðâè-
ðîâàíèå ñïåðìèåâ ÷åëîâåêà ñ èñïîëüçîâàíèåì ñàõàðîçû è ÏÂÏ ÿâëÿåòñÿ ïåðñïåêòèâ-
íûì äëÿ ÂÐÒ, ïîñêîëüêó ñïåðìèè ìîæíî èñïîëüçîâàòü ñðàçó ïîñëå îòîãðåâà äëÿ îïëî-
äîòâîðåíèÿ îîöèòîâ in vitro.
Êëþ÷åâûå ñëîâà: ñïåðìàòîçîèäû ÷åëîâåêà, ïîëèâèíèëïèððîëèäîí, ñàõàðîçà, êðèîêîí-
ñåðâèðîâàíèå, êðèîïðîòåêòîðû.

Âñòóïëåíèå
Âñïîìîãàòåëüíûå ðåïðîäóêòèâíûå òåõíî-

ëîãèè (ÂÐÒ) øèðîêî ïðèìåíÿþòñÿ ïðè ëå÷å-
íèè ðàçëè÷íûõ ôîðì ìóæñêîãî áåñïëîäèÿ.
Âàæíûì ýòàïîì ÂÐÒ ÿâëÿåòñÿ íèçêîòåìïå-
ðàòóðíîå êîíñåðâèðîâàíèå ðåïðîäóêòèâíûõ
êëåòîê è ýìáðèîíîâ [1, 2]. Ìåòîä êðèîêîíñåð-
âèðîâàíèÿ ìóæñêèõ ïîëîâûõ êëåòîê ïðèîáðå-
òàåò îñîáóþ àêòóàëüíîñòü äëÿ ñîõðàíåíèÿ
ôåðòèëüíîñòè ïåðåä ëó÷åâîé èëè õèìèîòåðà-
ïèåé è îïåðàöèîííûìè ìåðîïðèÿòèÿìè. Êðèî-
êîíñåðâèðîâàíèå íåîáõîäèìî â äîíàöèîííûõ
ïðîãðàììàõ, ïîñêîëüêó èñïîëüçîâàíèå ñïåð-
ìèåâ äîíîðà äëÿ êëèíè÷åñêîãî ïðèìåíåíèÿ
íåâîçìîæíî áåç êàðàíòèíà, âî âðåìÿ êîòîðî-
ãî, îáðàçöû ïðîõîäÿò ñêðèíèíã íà èíôåêöèîí-
íûå àãåíòû. Êðèîêîíñåðâèðîâàíèå ñïåðìèåâ,
ïîëó÷åííûõ ïðè àñïèðàöèè èëè ýêñòðàêöèè
ÿè÷êà, èëè ïðèäàòêà ÿè÷êà, ïðèìåíÿåòñÿ âî
èçáåæàíèå ïîâòîðíûõ áèîïñèé. Ýòîò ìåòîä
ïîçâîëÿåò ñîõðàíèòü ôåðòèëüíîñòü òåõ ïàöè-
åíòîâ, êîòîðûå ïî òåì èëè èíûì ïðè÷èíàì
ïîäâåðãàþòñÿ âîçäåéñòâèþ ïîòåíöèàëüíî òîê-
ñè÷íûõ àãåíòîâ, íàðóøàþùèõ ãàìåòîãåíåç.

Â êà÷åñòâå «çîëîòîãî ñòàíäàðòà» êðèîêîí-
ñåðâèðîâàíèÿ ïðè íîðìîçîîñïåðìèè ïðèíÿò

ñïîñîá ìåäëåííîãî çàìîðàæèâàíèÿ ñïåðìà-
òîçîèäîâ ïðåäâàðèòåëüíî ýêâèëèáðèðîâàííûõ
â 5–10 % ðàñòâîðå ãëèöåðèíà, êîòîðûé ÿâëÿ-
åòñÿ ïðîíèêàþùèì êðèîïðîòåêòîðîì [3]. Îñ-
íîâíîé èõ ïðèíöèï äåéñòâèÿ ñîñòîèò â çàìå-
ùåíèè âíóòðèêëåòî÷íîé âîäû, êîòîðàÿ ïðè
çàìåðçàíèè ÿâëÿåòñÿ îñíîâíîé ïðè÷èíîé ïî-
âðåæäåíèÿ êëåòî÷íûõ ñòðóêòóð. Â îòëè÷èå îò
ýòîãî, íåïðîíèêàþùèå êðèîïðîòåêòîðû ñâÿ-
çûâàþò âíåêëåòî÷íóþ âîäó. Áîëüøèíñòâî
øèðîêî ïðèìåíÿåìûõ äëÿ êðèîêîíñåðâèðîâà-
íèÿ ñïåðìèåâ ÷åëîâåêà êðèîïðîòåêòîðîâ ïðî-
ÿâëÿþò öèòîòîêñè÷íîñòü, ïîýòîìó ïîñëå ðàç-
ìîðàæèâàíèÿ èõ íåîáõîäèìî óäàëÿòü èç êëå-
òî÷íîé ñóñïåíçèè [4, 5].

Ñàõàðîçà, â ïîñëåäíåå âðåìÿ, øèðîêî ïðè-
ìåíÿåòñÿ ïðè êðèîêîíñåðâèðîâàíèè ñïåðìèåâ,
ïîñêîëüêó îíà íå öèòîòîêñè÷íà è åå íå íóæíî
óäàëÿòü èç êëåòîê [6]. ÏÂÏ îòíîñèòñÿ ê êëàñ-
ñó èñêóññòâåííûõ ïîëèìåðîâ è ÿâëÿåòñÿ ïðî-
äóêòîì ïîëèìåðèçàöèè N1-âèíèëïèððîëèäîíà
è àöåòèëåíà. Ìîëåêóëû ÏÂÏ ïðåäñòàâëÿþò
ñîáîé äèôèëüíûå ñîåäèíåíèÿ, ò. å. îáëàäàþò
ãèäðîôèëüíî-ãèäðîôîáíûìè ñâîéñòâàìè. Â
âîäíûõ ðàñòâîðàõ ìîëåêóëû ýòîãî ñîåäèíå-
íèÿ ïðèíèìàþò õàîòè÷íóþ ñïèðàëüíóþ êîí-
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ôèãóðàöèþ, ÷òî ïîçâîëÿåò èì ãèäðàòèðîâàòü
äîñòàòî÷íîå ÷èñëî ìîëåêóë Í2Î. Â ñèëó õîðî-
øî ðàçâèòûõ ãèäðàòàöèîííûõ ñâîéñòâ ÏÂÏ õà-
ðàêòåð çàìîðàæèâàíèÿ ðàñòâîðîâ èçìåíÿåòñÿ –
ïðîöåññ êðèñòàëëèçàöèè ñìåùàåòñÿ â áîëåå
íèçêîòåìïåðàòóðíóþ îáëàñòü. Â ýìáðèîëîãè-
÷åñêîì ýòàïå ÂÐÒ 10 % ÏÂÏ ïðèìåíÿåòñÿ äëÿ
óïðîùåíèÿ ìèêðîìàíèïóëÿöèé ñî ñïåðìàòîçîè-
äàìè, çàìåäëÿÿ èõ ïîäâèæíîñòü ïðè èíòðàöè-
òîïëàçìàòè÷åñêîé èíúåêöèè â îîöèò (ÈÊÑÈ).

Öåëü èññëåäîâàíèÿ – èçó÷åíèå âûæè-
âàåìîñòè ñïåðìàòîçîèäîâ ïîñëå êðèîêîíñåð-
âèðîâàíèÿ ñ ïðîíèêàþùèìè è íåïðîíèêàþùè-
ìè êðèîïðîòåêòîðàìè.

Ìàòåðèàëû è ìåòîäû
Â èññëåäîâàíèå áûëî âêëþ÷åíî 11 ïàöè-

åíòîâ, ïðîõîäèâøèõ ëå÷åíèå áåñïëîäèÿ â
«ÄÐÒ-êëèíèêå ðåïðîäóêòèâíîé ìåäèöèíû»,
ã. Õàðüêîâ ñ èõ ïèñüìåííîãî, ñâîáîäíîãî è èí-
ôîðìèðîâàííîãî ñîãëàñèÿ. Íà ïðîâåäåíèå èñ-
ñëåäîâàíèé áûëî ïîëó÷åíî ðàçðåøåíèå è
îäîáðåíèå ýòè÷åñêîãî êîìèòåòà ÈÏÊ è ÍÀÍ
Óêðàèíû.

Ýÿêóëÿò ïîëó÷àëè ïîñëå 3–5 äíåé ñåêñó-
àëüíîé àáñòèíåíöèè. Ïîñëå ðàçæèæåíèÿ ïðî-
âîäèëè ìèêðîñêîïè÷åñêóþ îöåíêó ýÿêóëÿòà
ïðè  240 ñ ïîìîùüþ êàìåðû Macler («Sefi
Medical Instruments», Èçðàèëü). Îïðåäåëÿëè
êîëè÷åñòâî ñïåðìèåâ â îáðàçöå, ïðîöåíòíîå
ñîîòíîøåíèå àêòèâíîïîäâèæíûõ, ïîäâèæíûõ,
ìåñòíîêà÷àþùèõñÿ è íåïîäâèæíûõ ñïåðìèåâ.
Äëÿ âûäåëåíèÿ ôðàêöèè àêòèâíîïîäâèæíûõ
ñïåðìàòîçîèäîâ èñïîëüçîâàëè ìåòîä «swim up»
ñ öåíòðèôóãèðîâàíèåì â äâóñëîéíîì ãðàäè-
åíòå ïëîòíîñòè (Sperm Grade, «Ñook», ÑØÀ).
Ïîñëå ýòîãî êàæäûé àíàëèçèðóåìûé îáðàçåö
ðàçäåëÿëè íà 5 èññëåäóåìûõ ãðóïï. Ñïåðìèè
âûäåðæèâàëè 10 ìèí â êðèîçàùèòíûõ ñðåäàõ:
ãðóïïà 1 – 0,25Ì ð-ð ñàõàðîçû (Sigma-Aldrich,
ÑØÀ), ãðóïïà 2 – 0,25Ì ð-ð ñàõàðîçû è 10 %
ð-ð PVP (Cook, ÑØÀ), ãðóïïà 3 – 10 % PVP,
ãðóïïà 4 – 5 % ãëèöåðèí (Sigma-Aldrich, ÑØÀ)
+ 10 % HSA (LifeGlobal, ÑØÀ). Ïîñëå ýêñïî-
çèöèè â êðèîçàùèòíûõ ñðåäàõ ñïåðìèè ïîìå-

ùàëè â êðèîâèàëû («Nunc», Äàíèÿ). Îáðàçöû
îõëàæäàëè 20 ìèí â ïàðàõ æèäêîãî àçîòà íà
óðîâíå 10 ñì âûøå çåðêàëà àçîòà, ïîñëå ÷åãî
èõ ïîìåùàëè â æèäêèé àçîò.

Ðàçìîðàæèâàëè îáðàçöû íà âîäÿíîé áàíå
(37° Ñ). Ïîñëå ïîëíîãî èñ÷åçíîâåíèÿ òâåðäîé
ôàçû ñïåðìàòîçîèäû ïåðåíîñèëè â êàìåðó
Ìàêëåðà è  îïðåäåëÿëè èõ âûæèâàåìîñòü ïî
êîëè÷åñòâó ïîäâèæíûõ êëåòîê.

Æèçíåñïîñîáíîñòü ñïåðìàòîçîèäîâ ïîä-
ñ÷èòûâàëè â ìàçêàõ, îêðàøåííûõ ýîçèí-íèã-
ðîçèíîì. Êðàñèòåëü ñîäåðæàë 0,9 % ðàñòâî-
ðà NaCl è 0,67 ã ýîçèíà â 100 ìë ðàñòâîðà.
Ðàñòâîð ïåðåìåøèâàëè è íàãðåâàëè íà âîäÿ-
íîé áàíå äî òåìïåðàòóðû 40° Ñ, à çàòåì äî-
áàâëÿëè 10 ã íèãðîçèíà è äîâîäèëè ðàñòâîð
äî êèïåíèÿ [7].

Îöåíêó óðîâíÿ ôðàãìåíòàöèè ÄÍÊ ïðî-
âîäèëè ñ ïîìîùüþ àêðèäèíà îðàíæåâîãî, êî-
òîðûé ôëóîðåñöèðóåò çåëåíûì, ñâÿçûâàÿñü ñ
äâîéíîé öåïüþ ÄÍÊ, è êðàñíûì, ïðè âçàèìî-
äåéñòâèè ñ îäíîöåïî÷å÷íîé ÄÍÊ [8].

Ðåçóëüòàòû àíàëèçèðîâàëè ïðè ïîìîùè
ïðîãðàììû «Win MDI v.2.8» (ÑØÀ). Âñå ýê-
ñïåðèìåíòû è îïðåäåëåíèÿ áûëè ïðîâåäåíû
êàê ìèíèìóì ñ òðåõêðàòíûì ïîâòîðåíèåì.
Ïðè ñòàòèñòè÷åñêîé îáðàáîòêå ðåçóëüòàòîâ
èñïîëüçîâàëè îäíîôàêòîðíûé äèñïåðñèîííûé
àíàëèç è t-êðèòåðèé Ñòüþäåíòà ïðè ïîìîùè
ïðîãðàììû Excel («Microsoft Office», ÑØÀ).

Ðåçóëüòàòû è îáñóæäåíèå
Ïîñëå êðèîêîíñåðâèðîâàíèÿ (82,2±8,9),

(88±9,9), (89,6±8,6) è (92,1±8,6) % ñïåðìèåâ
ñîõðàíèëè ñâîþ æèçíåñïîñîáíîñòü. Ïîäâèæ-
íûìè âûÿâèëèñü (38,7±6,8), (33,3±6,9), (41,4±
8,1) è (78,8±6,6) % ñïåðìèåâ â ãðóïïàõ 1–4 ñî-
îòâåòñòâåííî (òàáëèöà).

Íåñìîòðÿ íà âûñîêóþ ÷àñòîòó âûæèâàå-
ìîñòè ñïåðìèåâ â ãðóïïå 4, ïîñëå öåíòðèôó-
ãèðîâàíèÿ è óäàëåíèÿ êðèîïðîòåêòîðà êîëè÷å-
ñòâî ïîäâèæíûõ ñïåðìèåâ óìåíüøèëîñü äî
(27,3±4,8) %. Ïîñêîëüêó ïðèìåíåíèå íåïðîíè-
êàþùèõ êðèîïðîòåêòîðîâ (ÊÏ) íå òðåáóåò èõ
âûâåäåíèÿ, èõ ïîäâèæíîñòü ñîõðàíÿåòñÿ íà

Ïîäâèæíîñòü è æèçíåñïîñîáíîñòü ñïåðìàòîçîèäîâ ÷åëîâåêà
ïîñëå êðèîêîíñåðâèðîâàíèÿ â áåçîòìûâî÷íûõ êðèîçàùèòíûõ ñðåäàõ

Ïðèìå÷àíèå. * – èçìåíåíèÿ ñòàòèñòè÷åñêè çíà÷èìû ïî ñðàâíåíèþ ñ ñîîòâåòñòâóþùèì ïîêàçàòåëåì
ãðóïïû 4 (ð<0,05).
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òîì æå óðîâíå. Òàêèì îáðàçîì, èñïîëüçîâà-
íèå íåïðîíèêàþùèõ ÊÏ â ðàçëè÷íûõ êîìáè-
íàöèÿõ ïîçâîëÿåò ïîëó÷èòü âûæèâàåìîñòü
ñïåðìèåâ íà óðîâíå 60–80 %.

Ïðè ýòîì, íàèáîëüøåå êîëè÷åñòâî êëåòîê
ñ äåêîíäåíñèðîâàííûì õðîìàòèíîì íàáëþäà-
ëîñü â ãðóïïå 4; â ãðóïïàõ 1–3 – îñòàâàëîñü â
ïðåäåëàõ íîðìû (ðèñóíîê). Òàê, ïîñëå êðèî-
êîíñåðâèðîâàíèÿ â ãðóïïàõ 1–4 êîëè÷åñòâî
ñïåðìèåâ ñ äåêîíäåíñèðîâàííûì õðîìàòèíîì
ñîñòàâèëî (18,7±2,0), (23,1±2,5), (19,2±2,5) è
(38,8±3,0) % ñîîòâåòñòâåííî, îò îáùåãî êî-
ëè÷åñòâà êëåòîê.

Êðèîêîíñåðâèðîâàíèå ñïåðìèåâ ÷åëîâåêà
ñ ñàõàðîçîé è ÏÂÏ â ðàçëè÷íûõ êîìáèíàöèÿõ
ÿâëÿåòñÿ ïåðñïåêòèâíûì äëÿ ÂÐÒ, ïîñêîëüêó
ñïåðìèè äëÿ îïëîäîòâîðåíèÿ îîöèòîâ ìîæíî
èñïîëüçîâàòü íåìåäëåííî ïîñëå îòîãðåâà è
áåç ýòàïà óäàëåíèÿ êðèîçàùèòíîé ñðåäû [9].

Ðàíåå áûëî ïîêàçàíî, ÷òî ñòâîëîâûå êëåò-
êè, ïîëó÷åííûå èç æèðîâîé òêàíè ÷åëîâåêà,
ìîãóò áûòü êðèîêîíñåðâèðîâàíû ñ èñïîëüçî-
âàíèåì ÏÂÏ âìåñòî äèìåòèëñóëüôîêñèäà
(ÄÌÑÎ) [10]. Âñòðå÷àþòñÿ åäèíè÷íûå ñîîá-
ùåíèÿ î êðèîêîíñåðâèðîâàíèè ýìáðèîíîâ
ìûøè ïîä çàùèòîé ÏÂÏ [11]. Ïîêàçàíî, ÷òî
ÏÂÏ ÿâëÿåòñÿ õîðîøåé àëüòåðíàòèâîé äðó-
ãèì êðèîïðîòåêòîðàì, ïîñêîëüêó ïîçâîëÿåò
ïîëó÷èòü âûñîêèå ïîêàçàòåëè âûæèâàåìîñ-
òè ñïåðìû ïòèö [12].

Ìåòîä äâóõýòàïíîãî çàìîðàæèâàíèÿ ñ ãëè-
öåðèíîì ÿâëÿåòñÿ âûñîêîýôôåêòèâíûì. Îä-
íàêî èçâåñòíî, ÷òî ãëèöåðèí ÿâëÿåòñÿ îñìî-
òè÷åñêè àêòèâíûì è ìåäëåííî ïðîíèêàåò ÷å-
ðåç ìåìáðàíó, ÷òî ïðèâîäèò ê èçìåíåíèÿì
îáúåìà êëåòîê, êàê âñëåäñòâèå äîáàâëåíèÿ
ãëèöåðèíà, òàê è ïîòåðè âîäû âî âðåìÿ öèêëà
çàìîðàæèâàíèÿ-îòòàèâàíèÿ [5]. Êðîìå òîãî,

A B

C D

Ñîñòîÿíèå ÄÍÊ ñïåðìàòîçîèäîâ ÷åëîâåêà: A – ãðóïïà 1, B – ãðóïïà 2, C – ãðóïïà 3, D – ãðóïïà 4
(îêðàñêà àêðèäèí îðàíæåâûì)
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âûâåäåíèå ýòîãî êðèîïðîòåêòîðà èç ñóñïåí-
çèè òðåáóåò ýòàïà öåíòðèôóãèðîâàíèÿ, ÷òî
ñíèæàåò êîëè÷åñòâî ñïåðìèåâ â îáðàçöå, à ýòî
èìååò ïðèíöèïèàëüíîå çíà÷åíèå ïðè ðàáîòå ñ
ïàòîñïåðìè÷åñêèìè ýÿêóëÿòàìè.

Ðàíåå íàìè áûëî ïîêàçàíî óâåëè÷åíèå
ôðàãìåíòàöèè ÄÍÊ â êðèîêîíñåðâèðîâàííûõ
ñïåðìèÿõ ÷åëîâåêà [13]. Âîçìîæíî, ïðîíè-
êàþùèå êðèîïðîòåêòîðû èíäóöèðóþò ôðàã-
ìåíòàöèþ ÄÍÊ, â îòëè÷èå îò íåïðîíèêàþ-
ùèõ.

Ñòåïåíü âëèÿíèÿ ÏÂÏ íà ìîðôîôóíêöèî-
íàëüíûå õàðàêòåðèñòèêè ñïåðìàòîçîèäîâ òðå-
áóåò äàëüíåéøåãî èçó÷åíèÿ, ïîñêîëüêó ðàíåå
áûëî ïîêàçàíî, ÷òî ÏÂÏ èíäóöèðóåò àêðîñî-
ìàëüíóþ ðåàêöèþ [14] è ìîæåò âûçûâàòü
ñóáìèêðîñêîïè÷åñêèå èçìåíåíèÿ ñòðóêòóðû
ñïåðìàòîçîèäîâ [15]. ÏÂÏ ìîæåò ïîäàâëÿòü

îïëîäîòâîðåíèå è ýìáðèîíàëüíîå ðàçâèòèå,
ïîñêîëüêó ìîëåêóëÿðíàÿ ìàññà ÏÂÏ, èñïîëü-
çóåìîãî äëÿ ICSI, ñîñòàâëÿåò 360 000 Äà è
åãî ââåäåíèå â îîöèò ïðè ICSI ìîæåò ïðåïÿò-
ñòâîâàòü ðàçâèòèþ ýìáðèîíà.

Âûâîäû
Â ðåçóëüòàòå èññëåäîâàíèÿ óñòàíîâèëè,

÷òî èñïîëüçîâàíèå ñàõàðîçû è ÏÂÏ â ðàçëè÷-
íûõ êîìáèíàöèÿõ ïîçâîëÿåò ïîëó÷èòü âûæè-
âàåìîñòü ñïåðìèåâ íà óðîâíå 60–80 %. Êðè-
îêîíñåðâèðîâàíèå ñïåðìèåâ ÷åëîâåêà ñ íåïðî-
íèêàþùèìè ÊÏ (ñàõàðîçà, ÏÂÏ) ÿâëÿåòñÿ
ïåðñïåêòèâíûì äëÿ ÂÐÒ, ïîñêîëüêó ñïåðìèè
äëÿ îïëîäîòâîðåíèÿ îîöèòîâ ìîæíî èñïîëü-
çîâàòü íåìåäëåííî ïîñëå îòîãðåâà è áåç ýòà-
ïà óäàëåíèÿ êðèîçàùèòíîé ñðåäû. Âîçìîæíîå
âëèÿíèå ÏÂÏ íà ðàçâèòèå ýìáðèîíîâ in vitro
òðåáóåò äàëüíåéøèõ èññëåäîâàíèé.

Ëèòåðàòóðà
1. Ïåòðóøêî Ì. Ï. Ñó÷àñíèé ñòàí ïðîáëåì êð³îêîíñåðâóâàííÿ ðåïðîäóêòèâíèõ êë³òèí òà åìá-

ð³îíîâ ëþäèíè (çà ìàòåð³àëàìè íàóêîâî¿ äîïîâ³ä³ íà çàñ³äàíí³ Ïðåçèä³¿ ÍÀÍ Óêðà¿íè 17 òðàâíÿ 2017) /
Ì. Ï. Ïåòðóøêî // Â³ñíèê ÍÀÍ Óêðà¿íè. – 2017. – ¹ 7. – C. 44–53. – DOI: 10.15407/visn2017.07.044.

2. Ïàâëîâè÷ Î. Â. Îïòèì³çàö³ÿ ðåæèìó â³äòàâàííÿ êð³îêîíñåðâîâàíî¿ ñïåðìè ëþäèíè ïðè íîðìî-
òà ïàòîñïåðì³¿ / Î. Â. Ïàâëîâè÷, Î. Á. Ðåâåíêî, Ã. Î. Ãàïîí // Ïðîáëåìû êðèîáèîëîãèè è êðèîìåäè-
öèíû. – 2016. – ¹ 26 (1). – Ñ. 45–52. – DOI:10.15407/cryo26.01.045.

3. Human sperm cryopreservation: update on techniques, effect on DNA Integrity, and implications
for ART / Ì. Di Santo, N. Tarozzi, M. Nadalini, A. Borini // Adv Urology. – 2012. – DOI: 10.1155/2012/
854837.

4. Fahy G. M. Cryoprotectant toxicity neutralization. – Cryîbiology. – 2010. – ¹ 60 (3). – Ñ. 45–55.
5. Best B. Cryoprotectant toxicity: facts, issues and questions. – Rejuvenation Res. – 2015. – ¹ 18

(5). – Ñ. 422–436.
6. Áðàãèíà Å. Å. Ðóêîâîäñòâî ïî ñïåðìàòîëîãèè / Å. Å. Áðàãèíà, Ð. À. Àáäóìàëèêîâà. – Ìîñêâà:

Ñîðåê-ïîëèãðàôèÿ, 2002. – 93 ñ.
7. Virant-Klun I. Sperm single-stranded DNA, detected by acridine orange staining, reduces fertilization

and quality of ICSI-derived embryos / I. Virant-Klun, T. Tomazevic, H. Meden-Vrtovec // J Assist Reprod
Genet. – 2002. – ¹ 19 (7). – Ñ. 319–328. – DOI: 10.1023/A:1016006509036.

8. Chohan K. R. Evaluation of chromatin integrity in human sperm using acridine orange staining
with different fixatives and after cryopreservation / K. R. Chohan., J. T. Griffin, D. T. Carrell // Andrologia. –
2004. – ¹ 36 (5). – Ñ. 321–326.

9. Æèçíåñïîñîáíîñòü ñïåðìàòîçîèäîâ ÷åëîâåêà ïîñëå êðèîêîíñåðâèðîâàíèÿ â áåçîòìûâî÷íûõ
ñðåäàõ / À. À. Ãàïîí, Ò. À. Þð÷óê, Å. Â. Ïàâëîâè÷ [ è äð.] // Ïðîáëåìû êðèîáèîëîãèè è êðèîìåäè-
öèíû. – 2018. – ¹ 28 (2). – Ñ. 171. – DOI: 10.15407/cryo28.02.171.

10. Evaluation of polyvinylpyrrolidone as a cryoprotectant for adipose tissue-derived adult stem cells /
S. Thirumala, X. Wu, J. M. Gimble, R. V. Devireddy // Tissue Eng Part C Methods. – 2010. – ¹ 16 (4). –
Ñ. 783–792.

11.  Effect of the polyvinylpyrrolidone concentration of cryoprotectant on mouse embryo development
and production of pups: 7.5 % of PVP is beneficial for in vitro and in vivo development of frozen-thawed
mouse embryos / C. G. Kim, H. Yong, G. Lee, J. Cho // J Reprod Dev. – 2008. – ¹ 54 (4). – Ñ. 250–253.

12. Individual cryopreservation with dimethyl sulfoxide and polyvinylpyrrolidone of ejaculates and
pooled semen of three avian species / J. A. Herrera, J. A. Quintana, M. A. Lopez [et al.] // Arch Androl. –
2005. – ¹ 51 (5). – Ñ. 353–360.

13. Apoptosis and the processes of DNA fragmentation in native and cryopreserved human sperm
cells with normo- and pathosperma / M. P. Petrushko, O. V. Pavlovich, V. I. Pinyaev [et al.] // Cytol and
Genet. – 2017. – ¹ 51 (4). – Ñ. 52–56.

14. Kato Y. Effect of polyvinylpyrrolidone on sperm function and early embryonic development
followingintracytoplasmic sperm injection in human assisted reproduction / Y. Kato, Y. Nagao // Reprod
Med Biol. – 2012. – ¹ 11 (4). – Ñ. 165–176.



8

ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ² ÊË²Í²×ÍÀ ÌÅÄÈÖÈÍÀ. 2019. ¹ 3 (84)

ÒÅÎÐÅÒÈ×ÍÀ ²  ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

15. Intracytoplasmic sperm injection with polyvinylpyrrolidone: a potential risk / M. Jean, S. Mirallie,
M. Boudineau [et al.] // Fertil Steril. – 2001. – ¹ 76. – Ñ. 0419–0420. – DOI: 10.1016/s0015-
0282(01)01874-x.

References
1. Petrushko M.P. (2017). Suchasnye stan problem kriokonservuvanny reproduktyvnye klityn ta

embrionov lyudyny (za materialy naukovoyi dopovidi na zasidanni Prezydiyi NAN Ukrayiny 17 travnya
2017) [Current state of cryopreservation of reproductive cells and embryos (based on the scientific
report at the meeting of the NAS Presidium May 17, 2017)]. Visnyk Natsionalnoyi akademiyi nauk
Ukrayiny – Bulletin of the National Academy of Sciences of Ukraine, ¹ 7, pp. 44–53 [in Ukrainian].

2. Pavlovich Î.V, Revenko O.B, Gapon H.O. (2016). Optymizatsiya rezhymu vidtavannya
kriokonservovanoyi spermy lyudyny pry normo- ta patospermiyi [Optimization of thawing regimen for
cryopreserved human sperm at normo- and pathospermia]. Problemi kriobiologii i kriomeditsiny –
Problems of cryobiology and cryomedicine, ¹ 26 (1), pp. 45–52 [in Ukrainian].

3. Di Santo M., Tarozzi N., Nadalini M., Borini A. (2012). Human sperm cryopreservation: update on
techniques, effect on DNA Integrity, and implications for ART. Adv Urology, DOI: 10.1155/2012/854837.

4. Fahy G.M. (2010). Cryoprotectant toxicity neutralization. Cryîbiology, ¹ 60 (3), ðð. 45–55.
5. Best B. (2015). Cryoprotectant toxicity: facts, issues and questions. Rejuvenation Res., ¹ 18 (5),

ðð. 422–436.
6. Bragina E.E., Abdumalikova R.À. (2002).  Rukovodstvo po spermatologii [Guide of spermatology].

Moscow: «SOREK-poligrafia», 93 p. [in Russian].
7. Virant-Klun I., Tomazevic T., Meden-Vrtovec H. (2002). Sperm single-stranded DNA, detected by

acridine orange staining, reduces fertilization and quality of ICSI-derived embryos. J Assist Reprod
Genet., ¹ 19 (7), ðð. 319–328.

8. Chohan K.R., Griffin J.T., Carrell D.T. (2004). Evaluation of chromatin integrity in human sperm
using acridine orange staining with different fixatives and after cryopreservation. Andrologia, ¹ 36 (5),
ðð. 321–326.

9. Gapon H.O., Yurchuk T.O., Pavlovich O.V., Pinyaev V.I., Petrushko M.P. (2018). Zhiznesposobnost
spermatozoidov cheloveka posle kriokonservirovaniya v bezotmyvochnykh sredakh [Survival of human
spermatozoa after cryopreservation with no-wash procedure]. Problemi kriobiologii i kriomeditsiny –
Problems of cryobiology and cryomedicine, ¹ 28 (2), ð. 171 [in Russian].

10. Thirumala S., Wu X., Gimble J.M., Devireddy R.V. (2010). Evaluation of polyvinylpyrrolidone as
a cryoprotectant for adipose tissue-derived adult stem cells. Tissue Eng Part C Methods., ¹ 16 (4),
ðð. 783–792.

11.  Kim C.G., Yong H., Lee G., Cho J. (2008). Effect of the polyvinylpyrrolidone concentration of
cryoprotectant on mouse embryo development and production of pups: 7.5 % of PVP is beneficial for in
vitro and in vivo development of frozen-thawed mouse embryos. J Reprod Dev., ¹ 54 (4), ðð. 250–253.

12. Herrera J.A., Quintana J.A., Lopez M.A., Betancourt M., Fierro R. (2005). Individual
cryopreservation with dimethyl sulfoxide and polyvinylpyrrolidone of ejaculates and pooled semen of
three avian species. Arch Androl., ¹ 51 (5), ðð. 353–360.

13. Petrushko M.P., Pavlovich O.V., Pinyaev V.I., Volkova N.O., Podufali V.V. (2017). Apoptosis and
the processes of DNA fragmentation in native and cryopreserved human sperm cells with normo- and
pathosperma. Cytol and Genet., ¹ 51 (4), ðð. 52–56.

14. Kato Y., Nagao Y. (2012). Effect of polyvinylpyrrolidone on sperm function and early embryonic
development followingintracytoplasmic sperm injection in human assisted reproduction. Reprod Med
Biol., ¹ 11 (4), ðð. 165–176.

15. Jean M., Mirallie S., Boudineau M., Tatin C., Barriere P. (2001). Intracytoplasmic sperm injection
with polyvinylpyrrolidone: a potential risk. Fertil Steril., ¹ 76, ðð. 0419–0420, DOI: 10.1016/s0015-
0282(01)01874-x.

Ã.Î. Ãàïîí, Î.Â. Ïàâëîâ³÷, Ò.Î. Þð÷óê, Â.². Ïèíÿºâ, Ì.Ï. Ïåòðóøêî
ÊÐÈÎÊÎÍÑÅÐÂÓÂÀÍÍß ÑÏÅÐÌÀÒÎÇÎ¯Ä²Â ËÞÄÈÍÈ Â ÏÂÏ ÒÀ ÑÀÕÀÐÎÇ²

Ó äàíîìó äîñë³äæåíí³ âèâ÷àëè ð³âåíü æèòòºçäàòíîñò³ ñïåðì³¿â ëþäèíè ï³ñëÿ êð³îêîíñåðâóâàííÿ
ç íåïðîíèêíèìè êð³îïðîòåêòîðàìè, ÿê³ íå âèìàãàþòü âèäàëåííÿ ç ñóñïåíç³¿ êë³òèí ïåðåä çàñòîñóâàí-
íÿì ñïåðìàòîçî¿ä³â â ÄÐÒ. Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî âèêîðèñòàííÿ ñàõà-
ðîçè òà ÏÂÏ â ð³çíèõ êîìá³íàö³ÿõ ÿê êð³îçàõèñíèõ àãåíò³â ïðè çàìîðîæóâàíí³ ñïåðìàòîçî¿ä³â äîçâî-
ëÿº îòðèìàòè ¿õ âèæèâàííÿ íà ð³âí³ 60–80 %. Òàêèì ÷èíîì, êð³îêîíñåðâóâàííÿ ñïåðì³¿â ëþäèíè
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ç âèêîðèñòàííÿì ñàõàðîçè òà ÏÂÏ º ïåðñïåêòèâíèì äëÿ ÄÐÒ, îñê³ëüêè ñïåðì³¿ ìîæíà âèêîðèñòîâó-
âàòè â³äðàçó ï³ñëÿ â³ä³ãð³âàííÿ äëÿ çàïë³äíåííÿ îîöèò³â in vitro.

Êëþ÷îâ³ ñëîâà: ñïåðìàòîçî¿äè ëþäèíè, ïîë³â³í³ëï³ðîë³äîí, ñàõàðîçà, êð³îêîíñåðâóâàííÿ, êð³î-
ïðîòåêòîðè.

A.A. Gapon, E.V. Pavlovich, T.A. Yurchuk, V.I. Pinyaev, M.P. Petrushko
CRYOPRESERVATION OF HUMAN SPERM IN PVP AND SUCROSE

The aim of this study was to assess the viability of human sperm after cryopreservation with non-
penetrating cryoprotectants that do not require removal from the suspension cells before using spermatozoa
in ART. As a result of the studies, it was found that using of sucrose and PVP in various combinations as
cryoprotectant agents for sperm freezing allows there to achieved 60–80 % of their survival rate. Thus,
cryopreservation of human sperm using sucrose and PVP is promising for ART, since sperm can be used
immediately after warming to fertilize oocytes in vitro.

Keywords: human sperm, polyvinylpyrrolidone, sucrose, cryopreservation, cryoptoprotectants.
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