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Ïðè ë³êóâàíí³ áåçïë³ääÿ ìåòîäàìè äîïîì³æíèõ ðåïðîäóêòèâíèõ òåõíîëîã³é øèðîêî âè-
êîðèñòîâóþòü êð³îêîíñåðâîâàí³ ñïåðìàòîçî¿äè. Ïðîòå ÷àñòîòà âèæèâàííÿ ñïåðìàòîçî¿ä³â
ó ïàö³ºíò³â ç îë³ãîàñòåíîòåðàòîçîîñïåðì³ºþ çàëèøàºòüñÿ íèçüêîþ. Ó çâ’ÿçêó ç öèì ðîç-
ðîáêà åôåêòèâíèõ ñïîñîá³â êð³îêîíñåðâóâàííÿ ñïåðìàòîçî¿ä³â ïðè ïàòîñïåðì³¿ º àêòó-
àëüíîþ. Ó äîñë³äæåíí³ ïîð³âíþâàëè åôåêòèâí³ñòü êð³îêîíñåðâóâàííÿ ñïåðìàòîçî¿ä³â
÷îëîâ³ê³â ïðè îë³ãîàñòåíîòåðàòîçîîñïåðì³¿ ç âèêîðèñòàííÿì ïðîíèêàþ÷èõ ³ íåïðîíèêà-
þ÷èõ êð³îïðîòåêòîð³â. Ï³ñëÿ êð³îêîíñåðâóâàííÿ îö³íþâàëè ðóõëèâ³ñòü, æèòòºçäàòí³ñòü
òà ìîðôîëîã³÷í³ õàðàêòåðèñòèêè ñïåðìàòîçî¿ä³â. Ïîêàçàíî, ùî çàâäÿêè êð³îêîíñåðâó-
âàííþ ç ïîë³â³í³ëï³ðîë³äîíîì çáåð³ãàºòüñÿ (89,6±8,6) % æèòòºçäàòíèõ êë³òèí ³ç íîð-
ìàëüíèìè ìîðôîëîã³÷íèìè õàðàêòåðèñòèêàìè. Âèêîðèñòàííÿ ñïåðìàòîçî¿ä³â ëþäèíè
ç ïîë³â³í³ëï³ðîë³äîíîì º ïåðñïåêòèâíèì äëÿ äîïîì³æíèõ ðåïðîäóêòèâíèõ òåõíîëîã³é,
îñê³ëüêè ìîæíà âèêîðèñòîâóâàòè ñïåðìàòîçî¿äè îäðàçó ï³ñëÿ â³ä³ãð³âó äëÿ çàïë³äíåííÿ
îîöèò³â.
Êëþ÷îâ³ ñëîâà: êð³îêîíñåðâóâàííÿ ñïåðìàòîçî¿ä³â, ðóõëèâ³ñòü, ïîë³â³í³ëï³ðîë³äîí, îë-
³ãîàñòåíîòåðàòîçîîñïåðì³ÿ.
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Âñòóï
Îäí³ºþ ç ïåðøîïðè÷èí ÷îëîâ³÷îãî áåç-

ïë³ääÿ º íèçüêà ê³ëüê³ñòü ñïåðìàòîçî¿ä³â òà ¿õíÿ
íåçíà÷íà ðóõëèâ³ñòü ï³ñëÿ êð³îêîíñåðâóâàííÿ
[1]. Äëÿ ðåàë³çàö³¿ ðåïðîäóêòèâíî¿ ôóíêö³¿
ïàö³ºíò³â ç îë³ãîàñòåíîòåðàòîçîîñïåðì³ºþ (ÎÀÒ)
íåîáõ³äíèì º çàñòîñóâàííÿ ìåòîäèê äîïîì³æ-
íèõ ðåïðîäóêòèâíèõ òåõíîëîã³é, âàæëèâèì
åòàïîì ÿêèõ º êð³îêîíñåðâóâàííÿ [2–4]. Ïðè
íîðìîçîîñïåðì³¿ ÿê «çîëîòèé ñòàíäàðò» ïðèé-
íÿòî ñïîñ³á ïîâ³ëüíîãî çàìîðîæóâàííÿ ç âè-
êîðèñòàííÿì 5–10 % ðîç÷èíó ãë³öåðèíó [5].
Îñíîâíèé ïðèíöèï ä³¿ ïðîíèêàþ÷èõ êð³îïðîòåê-
òîð³â, äî ÿêèõ íàëåæèòü ãë³öåðèí, ïîëÿãàº â çà-
ì³ùåíí³ âíóòð³øíüîêë³òèííî¿ âîäè, ÿêà º îñ-
íîâíîþ ïðè÷èíîþ ïîøêîäæåííÿ êë³òèííèõ
ñòðóêòóð. Ãë³öåðèí, ÿê ³ á³ëüø³ñòü êð³îïðîòåê-

òîð³â, ÷èíèòü öèòîòîêñè÷íèé âïëèâ íà êë³òè-
íè, òîìó ï³ñëÿ ðîçìîðîæóâàííÿ éîãî íåîáõ³äíî
âèäàëÿòè ç êë³òèííî¿ ñóñïåíç³¿ [6]. Ó çâ’ÿçêó ç
öèì àêòóàëüíèì º ïîøóê êð³îïðîòåêòîð³â, ÿê³
íå ïîòð³áíî âèäàëÿòè ï³ñëÿ êð³îêîíñåðâóâàííÿ.

Ïîë³â³í³ëï³ðîë³äîí (ÏÂÏ), ÿêèé º ïðîäóê-
òîì ïîë³ìåðèçàö³¿ N1-â³í³ëï³ðîë³äîíó é àöåòè-
ëåíó, â³äíîñèòüñÿ äî êëàñó øòó÷íèõ ïîë³ìåð³â
òà ïðîÿâëÿº ã³äðîô³ëüíî-ã³äðîôîáí³ âëàñòè-
âîñò³. Ç îãëÿäó íà äîáðå ðîçâèíåí³ ã³äðàòàö³éí³
âëàñòèâîñò³ ÏÂÏ õàðàêòåð çàìîðîæóâàííÿ
ðîç÷èí³â çì³íþºòüñÿ – ïðîöåñ êðèñòàë³çàö³¿
çì³ùóºòüñÿ â á³ëüø íèçüêîòåìïåðàòóðíó îá-
ëàñòü. 10 % ðîç÷èí ÏÂÏ âèêîðèñòîâóºòüñÿ
äëÿ ñïðîùåííÿ ì³êðîìàí³ïóëÿö³é ç³ ñïåðìàòî-
çî¿äàìè, ñïîâ³ëüíþþ÷è ¿õíþ ðóõëèâ³ñòü ïðè
³íòðàöèòîïëàçìàòè÷í³é ³í’ºêö³¿ â îîöèò (ICSI).
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Ìåòà äîñë³äæåííÿ – ïîð³âíÿííÿ åôåê-
òèâíîñò³ êð³îêîíñåðâóâàííÿ ñïåðìàòîçî¿ä³â ÷î-
ëîâ³ê³â ïðè ÎÀÒ ç âèêîðèñòàííÿì ïðîíèêàþ-
÷èõ òà íåïðîíèêàþ÷èõ êð³îïðîòåêòîð³â.

Ìàòåð³àë ³ ìåòîäè
Äîñë³äæóâàëè ñïåðìàòîçî¿äè ÷îëîâ³ê³â-

äîíîð³â ó â³ö³ â³ä 20 äî 40 ðîê³â ïðè ÎÀÒ (n=11).
Çðàçêè îö³íþâàëè â³äïîâ³äíî äî ðåêîìåíäàö³é
ÂÎÎÇ [7]. Ï³ñëÿ ðîçð³äæåííÿ åÿêóëÿòó ïðî-
òÿãîì 40 õâ ïðè 37 °Ñ îö³íþâàëè ñïåðì³îëîã³÷í³
õàðàêòåðèñòèêè çà äîïîìîãîþ ñèñòåìè CASA
[8]. Îñíîâíèìè êîìïîíåíòàìè ñèñòåìè CASA
áóëè ì³êðîñêîï Olympus IX-71 (Olympus, ßïî-
í³ÿ) ç îïòèêîþ òà ïîçèòèâíîþ ôàçîâîþ êîíò-
ðàñòí³ñòþ, â³äåîêàìåðà (CCD) òà ïðîãðàìíå
çàáåçïå÷åííÿ äëÿ îáðîáêè çîáðàæåíü (Sperm
Class Analyzer – Automatic system of sperm
analysis). ×àñ âèì³ðþâàííÿ äëÿ CASA ñòàíî-
âèâ 4  2,6 ñ, à ÷àñòîòà äèñêðåòèçàö³¿ êàäð³â –
25 Ãö.

Îö³íþâàëè âïëèâ êð³îêîíñåðâóâàííÿ ç âè-
êîðèñòàííÿì ÏÂÏ òà ãë³öåðèíó íà ìîðôîôóíê-
ö³îíàëüíèé ñòàí ñïåðìàòîçî¿ä³â ëþäèíè ïðè
ïàòîñïåðì³¿. Îö³íþâàëè ðóõëèâ³ñòü, æèòòº-
çäàòí³ñòü òà ìîðôîëîã³÷í³ õàðàêòåðèñòèêè
êð³îêîíñåðâîâàíèõ ñïåðìàòîçî¿ä³â.

Àêòèâíî-ðóõëèâó ôðàêö³þ ñïåðì³¿â îòðè-
ìóâàëè öåíòðèôóãóâàííÿì åÿêóëÿòó â ãðà-
ä³ºíò³ ù³ëüíîñò³ Sperm Gradiet Kit (Cook,
ÑØÀ). Âèä³ëåíó ôðàêö³þ ñïåðì³¿â ðîçïîä³ëÿ-
ëè íà òðè ãðóïè: 1 – ñïåðì³¿, ÿê³ êð³îêîíñåðâó-
âàëè äâîåòàïíèì ìåòîäîì ç 10 % ðîç÷èíîì
ãë³öåðèíó; 2 – ñïåðì³¿, ÿê³ êð³îêîíñåðâóâàëè
äâîåòàïíèì ìåòîäîì ç 10 % ÏÂÏ; 3 – íà-
òèâí³ ñïåðì³¿. Êð³îçàõèñí³ ðîç÷èíè ãîòóâàëè íà
ñåðåäîâèù³ Global total for fertilization («Life
Global», ÑØÀ), ÿêå ì³ñòèëî 10 % ñèðîâàòêî-
âèé àëüáóì³í ëþäèíè («Life Global», ÑØÀ).

Æèòòºçäàòí³ñòü ñïåðì³¿â îö³íþâàëè çà
ê³ëüê³ñòþ æèâèõ ñïåðì³¿â, ï³äðàõîâàíèõ ó ìàç-
êàõ, çàáàðâëåíèõ åîçèí-í³ãðîçèíîì («Magapor»,
²ñïàí³ÿ). Äëÿ öüîãî çì³øóâàëè ð³âí³ îá’ºìè (ïî
10 ìêë) áàðâíèêà é ñóñïåíç³¿ ñïåðì³¿â, ïåðå-
ì³øóâàëè òà ³íêóáóâàëè 30 ñ ïðè 37 °Ñ, ï³ñëÿ
÷îãî êðàïëþ ïåðåíîñèëè íà çíåæèðåíå ïðåä-
ìåòíå ñêëî, ðîáèëè ìàçîê, âèñóøóâàëè é äî-
ñë³äæóâàëè ï³ä ñâ³òëîâèì ì³êðîñêîïîì ³ç çà-
ñòîñóâàííÿì ³ìåðñ³¿.

Êð³îêîíñåðâóâàííÿ çðàçê³â ïðîâîäèëè
ó êð³îâ³àëàõ, îá’ºì ñóñïåíç³¿ ñòàíîâèâ â³ä 10
äî 50 ìêë çàëåæíî â³ä âèõ³äíèõ õàðàêòåðèñ-
òèê á³îìàòåð³àëó. ×àñ åêñïîçèö³¿ ç ñóì³øàìè

êð³îïðîòåêòîð³â íå ïåðåâèùóâàâ 10 õâ. Êð³î-
â³àëè âèòðèìóâàëè 10 õâ íà â³äñòàí³ 10 ñì íàä
äçåðêàëîì ð³äêîãî àçîòó, ï³ñëÿ ÷îãî øâèäêî
çàíóðþâàëè ó ð³äêèé àçîò. Çðàçêè â³ä³ãð³âàëè
íà âîäÿí³é áàí³ (40 °Ñ).

Âèçíà÷àëè ðóõëèâ³ñòü òà êîíöåíòðàö³þ
ñïåðìàòîçî¿ä³â ï³ñëÿ êð³îêîíñåðâóâàííÿ, ê³ëü-
ê³ñòü íåðóõëèâèõ (êðèâîë³í³éíà øâèäê³ñòü,
VCL<5 ìêì/ñ), ëîêàëüíî-ðóõëèâèõ (VCL=5–
25 ìêì/ñ) òà àêòèâíî-ðóõëèâèõ (VCL>25 ìêì/ñ)
ñïåðìàòîçî¿ä³â.

Óñ³ äîñë³äæåííÿ âèêîíàíî ç äîòðèìàííÿì
ïðàâèë á³îìåäè÷íî¿ åòèêè. Íà ïðîâåäåííÿ äî-
ñë³äæåíü îòðèìàíî ïèñüìîâó, â³ëüíó òà ³íôîð-
ìîâàíó çãîäó ïàö³ºíò³â. Äëÿ ñòàòèñòè÷íî¿ îá-
ðîáêè âèêîðèñòîâóâàëè ïðîãðàìó Excel
(Microsoft, ÑØÀ). Äàí³ íàâîäèëè ÿê ñåðåäíº
çíà÷åííÿ ± ñòàíäàðòíå â³äõèëåííÿ. Ïðè ïî-
ð³âíÿíí³ äâîõ âèá³ðîê çàñòîñîâóâàëè t-êðèòåð³é
Ô³øåðà–Ñò’þäåíòà òà ïðîãðàìó Excel (Mic-
rosoft) ïðè ð0,05.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ñåðåäíÿ ê³ëüê³ñòü ñïåðìàòîçî¿ä³â ó âèõ³ä-

íîìó åÿêóëÿò³ ñòàíîâèëà (11,0±0,2) ìëí/ìë.
Ï³ñëÿ âèä³ëåííÿ àêòèâíî-ðóõëèâî¿ ôðàêö³¿ –
(3,8±0,3) ìëí/ìë, ç íèõ (84,3±8,4) % – àêòèâ-
íî-ðóõëèâèõ ñïåðìàòîçî¿ä³â.

Ï³ñëÿ êð³îêîíñåðâóâàííÿ àêòèâíî-ðóõëèâèìè
çàëèøèëèñÿ (78,8±6,6) % ñïåðìàòîçî¿ä³â, ÿê³
áóëè êð³îêîíñåðâîâàí³ ç ãë³öåðèíîì, òà (41,4±
8,1) %, êð³îêîíñåðâîâàíèõ ³ç ÏÂÏ. Æèòòº-
çäàòí³ñòü çáåðåãëè (82,1±8,6) òà (89,6±8,6) %
ñïåðì³¿â ó ãðóï³ 1 òà 2 â³äïîâ³äíî (ðèñ. 1).

Äëÿ í³âåëþâàííÿ öèòîòîêñè÷íîãî åôåêòó
ãë³öåðèíó îñòàíí³é âèäàëÿëè øëÿõîì ïîäâ³éíî-
ãî öåíòðèôóãóâàííÿ. Íåçâàæàþ÷è íà âèñîêó
÷àñòîòó âèæèâàííÿ ñïåðì³¿â ó ãðóï³ 1, ï³ñëÿ
çàçíà÷åíîãî åòàïó ê³ëüê³ñòü ðóõëèâèõ ñïåðì³¿â
çìåíøèëàñü äî (27,3±4,8) % (ðèñ. 1, 2, à). Îñ-
ê³ëüêè íåïðîíèêàþ÷³ êð³îïðîòåêòîðè íå ïî-
òð³áíî âèäàëÿòè, ðóõëèâ³ñòü ñïåðìàòîçî¿ä³â
çáåð³ãàëàñü íà òîìó ñàìîìó ð³âí³. Òàêèì ÷è-
íîì, âèêîðèñòàííÿ ÏÂÏ äîçâîëèëî îòðèìàòè
âèñîêó ÷àñòîòó âèæèâàííÿ ñïåðì³¿â (ðèñ. 2, á).
Ðåçóëüòàòè CASA ï³äòâåðäèëè, ùî ê³ëüê³ñòü
àêòèâíî-ðóõëèâèõ ñïåðì³¿â ãðóïè 1 ï³ñëÿ êð³î-
êîíñåðâóâàííÿ òà âèäàëåííÿ êð³îïðîòåêòîðà
³ñòîòíî çìåíøèëàñü. Ê³ëüê³ñòü ëîêàëüíî-ðóõ-
ëèâèõ ñïåðì³¿â ãðóïè 2 ïåðåâèùóâàëà öåé ïî-
êàçíèê ãðóïè 1 (ðèñ. 2).

Ïðè ìîðôîëîã³÷íîìó àíàë³ç³ âèÿâëåíî, ùî
÷àñòîòà àíîìàë³é ãîë³âêè ñïåðìàòîçî¿äà äî-
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ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2019. ¹ 4 (85)

29

Ðèñ. 1. ×àñòîòà æèòòºçäàòíîñò³, ðóõëèâîñò³ òà ðóõëèâîñò³ ï³ñëÿ âèäàëåííÿ êð³îïðîòåêòîðà ñïåðì³¿â
ãðóï 1–3: * ð³çíèöÿ çíà÷óùà ïðè ïîð³âíÿíí³ ç ïîêàçíèêàìè ãðóï 1 òà 3

ð³âíþâàëà (25,97±2,67); (19,21±2,67) òà (20,57±
1,19) % äëÿ ãðóï 1–3 â³äïîâ³äíî (òàáëèöÿ). Ó
ãðóï³ 1 ñåðåä óñ³õ ìîæëèâèõ âàð³àíò³â ïàòî-
ëîã³¿ ãîë³âêè á³ëüøó ÷àñòèíó ñòàíîâèëè ñïåð-
ìàòîçî¿äè ç îäí³ºþ âåëèêîþ àáî äåê³ëüêîìà
ìàëåíüêèìè âàêóîëÿìè. Óâàæàþòü, ùî ê³ëü-
ê³ñòü âàêóîëåé, ¿õí³é ðîçì³ð òà ôîðìà â³äîá-

ðàæàþòü äåôåêòè íà ð³âí³ êîìïàêòèçàö³¿ ÿäðà
ñïåðìàòîçî¿äà [9]. Åìáð³îíè, óòâîðåí³ ï³ñëÿ
çàïë³äíåííÿ îîöèò³â òàêèìè ñïåðìàòîçî¿äàìè,
íå ïðîõîäÿòü ðåïðîäóêòèâíèé äîá³ð, òà ¿õí³é
ðîçâèòîê çóïèíÿºòüñÿ íà ðàíí³õ ñòàä³ÿõ [10].

×àñòîòà àíîìàë³é øèéêè ñïåðìàòîçî¿ä³â
áóëà íåçíà÷íîþ ³ ñòàíîâèëà (13,04±0,98); (13,43±

ÒÅÎÐÅÒÈ×ÍÀ ² ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

Ðèñ. 2. Òðåêè ñïåðìàòîçî¿ä³â ëþäèíè ãðóïè 1 (à) ï³ñëÿ êð³îêîíñåðâóâàííÿ òà âèäàëåííÿ êð³î-
ïðîòåêòîðà, ãðóïè 2 (á) òà ãðóïè 3 (â): ô³îëåòîâ³ – íåðóõîì³, ñèí³ – ³ç êðèâîë³í³éíîþ øâèäê³ñòþ,

çåëåí³ – ëîêàëüíî-ðóõëèâ³, ÷åðâîí³ – àêòèâíî-ðóõëèâ³. Ñèñòåìà àíàë³çó çîáðàæåíü CASA

áà

â
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2,14) òà (13,26±1,61) % äëÿ ãðóï 1–3 â³äïîâ³äíî.
Ð³çíèöÿ ê³ëüêîñò³ ñïåðìàòîçî¿ä³â ³ç ïàòîëîã³ºþ
õâîñòà áóëà ñòàòèñòè÷íî íåçíà÷óùà.

Ñóêóïí³ñòü äåôåêò³â ãîë³âêè, øèéêè òà
ñåðåäíüî¿ ÷àñòèíè áóëà çíà÷óùî íèæ÷å ó ñïåð-
ìàòîçî¿äàõ ï³ñëÿ êð³îêîíñåðâóâàííÿ ç ÏÂÏ –
(26,26±2,61) %, í³æ ó êë³òèíàõ ãðóïè 1 – (35,73±
3,59) %. Ó íàòèâíèõ ñïåðìàòîçî¿äàõ öåé ïî-
êàçíèê ñòàíîâèâ (24,88±2,44) %.

Àíîìàë³¿ ìîðôîëîã³÷íèõ õàðàêòåðèñòèê
ìîæóòü ìàòè ïðîãíîñòè÷íå çíà÷åííÿ ùîäî
åôåêòèâíîñò³ çàïë³äíåííÿ ó ïðîãðàìàõ äîïî-
ì³æíèõ ðåïðîäóêòèâíèõ òåõíîëîã³é [11, 12].
Íàéïîøèðåí³øîþ âàäîþ ñïåðìàòîçî¿ä³â º
äåôåêòè ãîë³âêè, à ñàìå ì³êðî- òà ìàêðîöå-
ôàë³÷íà ôîðìà, ãëîáóëîñïåðì³ÿ, â³äñóòí³ñòü
àêðîñîìè, öèë³íäðè÷íà òà àìîðôíà ôîðìè [13].
¯õíº êë³í³÷íå çíà÷åííÿ îïèñàíî áàãàòüìà àâ-
òîðàìè [14]. Ïîêàçàíî, ùî ³í’ºêö³ÿ â îîöèò
ñïåðìàòîçî¿ä³â ³ç âàäàìè áóäîâè ãîë³âêè çá³ëü-
øóº ÷àñòîòó ïåðåðèâàííÿ âàã³òíîñò³, ÿêà îòðè-
ìàíà â öèêë³ äîïîì³æíèõ ðåïðîäóêòèâíèõ òåõ-
íîëîã³é ³ç âèêîðèñòàííÿì ìåòîäó ICSI [15]. Ó
íàøîìó äîñë³äæåíí³ ó ãðóïàõ 2 ³ 3 âèíèêàëè
ð³çí³ ôîðìè àíîìàë³¿ ãîë³âêè, òîä³ ÿê ó ãðóï³ 1
ìàëè ì³ñöå îäíà âåëèêà àáî äåê³ëüêà ìàëèõ
âàêóîëåé. Äåÿê³ àâòîðè ââàæàþòü, ùî äåôåêò
ç³ãíóòî¿ øèéêè âèçíà÷àºòüñÿ ãåíåòè÷íî ³ ñïåð-
ìàòîçî¿äè ç òàêîþ âàäîþ ìàþòü ïîãàíèé ïðî-
ãíîç ùîäî ¿õíüî¿ çàïë³äíþâàëüíî¿ çäàòíîñò³
[16].

Ñåðåä àíîìàë³é õâîñòîâî¿ ÷àñòèíè íàéïî-
øèðåí³øîþ áóâ ñèíäðîì êîðîòêîãî õâîñòà,
ÿêèé äåòåðì³íóºòüñÿ ãåíåòè÷íî [17].

Ââàæàþòü, ùî êð³îêîíñåðâóâàííÿ ìîæå
âèêëèêàòè ñòðóêòóðí³ ïîðóøåííÿ ïëàçìîëåìè,
àêðîñîìè òà õâîñòà, ÿê³ â ïîäàëüøîìó çíè-
æóþòü ðóõëèâ³ñòü ñïåðì³¿â [18]. Îñê³ëüêè â
íàø³é ðîáîò³ ÿê êð³îïðîòåêòîðè áóëè çàñòîñî-
âàí³ ðå÷îâèíè, ÿê³ ñàì³ ïî ñîá³ çíåðóõîìëþ-
þòü ñïåðì³¿, òî ìè íå ìîæåìî ñòâåðäæóâàòè
ôàêò âïëèâó ñòðóêòóðíèõ ïîðóøåíü íà ¿õíþ
ðóõëèâ³ñòü. Ïðîòå, âèêîðèñòîâóþ÷è ñïåðì³¿
ç åÿêóëÿò³â ïðè ÎÀÒ, ìè çâåðíóëè óâàãó íà íà-
ÿâí³ñòü ïåðåðàõîâàíèõ ñòðóêòóðíèõ â³äõèëåíü
ó âñ³õ äîñë³äæóâàíèõ ãðóïàõ.

Âèñíîâêè
Çàâäÿêè âèêîðèñòàííþ ïîë³â³í³ëï³ðîë³äîíó

ÿê êð³îïðîòåêòîðà ÷àñòîòà âèæèâàííÿ êð³î-
êîíñåðâîâàíèõ ñïåðì³¿â ïðè îë³ãîàñòåíîòåðà-
òîçîîñïåðì³¿ çíàõîäèòüñÿ íà ð³âí³ 90 %. Ñó-
êóïí³ñòü äåôåêò³â ãîë³âêè, øèéêè òà ñåðåäíüî¿
÷àñòèíè çíà÷óùî íèæ÷å ó ñïåðìàòîçî¿äàõ
ï³ñëÿ êð³îêîíñåðâóâàííÿ ç ïîë³â³í³ëï³ðîë³äîíîì,
í³æ ó ñïåðìàòîçî¿äàõ ç³ ñòàíäàðòíèì ñïîñî-
áîì ³ç âèêîðèñòàííÿì ãë³öåðèíó. Äâîåòàïíå
êð³îêîíñåðâóâàííÿ ç ïîë³â³í³ëï³ðîë³äîíîì º
ïåðñïåêòèâíèì äëÿ äîïîì³æíèõ ðåïðîäóê-
òèâíèõ òåõíîëîã³é, îñê³ëüêè ñïåðì³¿ äëÿ çà-
ïë³äíåííÿ îîöèò³â ìîæíà âèêîðèñòîâóâàòè íå-
ãàéíî ï³ñëÿ â³ä³ãð³âó áåç åòàïó âèäàëåííÿ
êð³îïðîòåêòîðà ç êë³òèí.

Ñïèñîê ë³òåðàòóðè
1. Ãîðïèí÷åíêî ². ². ×îëîâ³÷å áåçïë³ääÿ: åò³îëîã³ÿ, ïàòîãåíåç, ä³àãíîñòèêà òà ñó÷àñí³ ìåòîäè

ë³êóâàííÿ / ². ². Ãîðïèí÷åíêî, Ì. Ã. Ðîìàíþê // Çäîðîâüå ìóæ÷èíû. – 2016. – ¹ 1 (56). – Ñ. 8–17. –
Ðåæèì äîñòóïó äî æóðí. :

http://nbuv.gov.ua/UJRN/Zdmu_2016_1_3.
2. Ôðàãìåíòàö³ÿ ÄÍÊ òà ïðîöåñè ïåðåêèñíîãî îêèñëåííÿ ë³ï³ä³â ó ñïåðì³ÿõ ëþäèíè ïðè íîðìî-

òà ïàòîñïåðì³¿ / Ì. Ïåòðóøêî, ª. Ïàâëîâè÷, Â. Ï³íÿºâ, Í. Âîëêîâà // Â³ñíèê Ëüâ³âñüêîãî óí³âåðñè-
òåòó. Ñåð³ÿ Á³îëîã³ÿ. – 2016. – Âèï. 74. – Ñ. 97–103. – Ðåæèì äîñòóïó äî æóðí. :

http://nbuv.gov.ua/UJRN/VLNU_biol_2016_74_14.

ÒÅÎÐÅÒÈ×ÍÀ ² ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ

Ìîðôîëîã³÷í³ õàðàêòåðèñòèêè ñïåðìàòîçî¿ä³â ëþäèíè
ï³ñëÿ êð³îêîíñåðâóâàííÿ ð³çíèìè ìåòîäàìè

* Ð³çíèöÿ çíà÷óùà ïðè ïîð³âíÿíí³ ç ïîêàçíèêîì ãðóïè 3, ð<0,05.



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2019. ¹ 4 (85)

31

3. Apoptosis and processes of DNA fragmentation in native and cryopreserved human sperm cells at
normo- and pathospermia / M. P. Petrushko, E. V. Pavlovich, V. I. Pinyaev [et al.] // Cytology and
Genetics. – 2017. – Vol. 51 (4). – P. 278–281. – DOI : 10.3103/S0095452717040065.

4. Ïåòðóøêî Ì. Ï. Ñó÷àñíèé ñòàí ïðîáëåìè êð³îêîíñåðâóâàííÿ ðåïðîäóêòèâíèõ êë³òèí òà
åìáð³îí³â ëþäèíè. Çà ìàòåð³àëàìè íàóêîâî¿ äîïîâ³ä³ íà çàñ³äàíí³ Ïðåçèä³¿ ÍÀÍ Óêðà¿íè 17 òðàâíÿ
2017 ðîêó / Ì. Ï. Ïåòðóøêî // Â³ñíèê ÍÀÍ Óêðà¿íè. – 2017. – ¹ 7. – Ñ. 44–52. – DOI : 10.15407/
visn2017.07.044.

5. Human sperm cryopreservation: update on techniques, effect on DNA integrity, and implications
for ART / M. Di Santo, N. Tarozzi, M. Nadalini, A. Borini // Adv. Urology. – 2012. – Vol. 2012. – Article
ID 854837. – DOI : 10.1155/2012/854837.

6. Best B. Cryoprotectant toxicity: facts, issues and questions / B. Best // Rejuvenation Res. – 2015. –
Vol. 18 (5). – P. 422–436. – DOI : 10.1089/rej.2014.1656.

7. WHO laboratory manual for the examination and processing of human semen. – [5th ed.]. – World
Health Organization, Department of Reproductive Health and Research, 2010. – 287 p.

8. Afzelius B. Electron microscopy of the sperm tail results obtained with a new fixative / B. Afzelius // J.
Bioph. Biochem. Cytol. – 1959. – Vol. 5 (2). – P. 269–278. – PMID : 13654448. – PMCID : PMC2224653.

9. The prevalence of sperm with large nuclear vacuoles is a prognostic tool in the prediction of ICSI
success / A. S. Setti, D. P. de Almeida Ferreira Braga, L. Vingris [et al.] // J. Assist. Reprod. Genet. –
2014. – Vol. 31 (3). – P. 307–312. – DOI : 10.1007/s10815-013-0157-0.

10. Impact of high magnification sperm selection on neonatal outcomes: a retrospective study /
O. Gaspard, P. Vanderzwalmen, B. Wirleitner [et al.] // J. Assist. Reprod. Genet. – 2018. – Vol. 35 (6). –
P. 1113–1121. – DOI : 10.1007/s10815-018-1167-8.

11. Óëüòðàñòðóêòóðí³ òà ôóíêö³îíàëüí³ õàðàêòåðèñòèêè ñïåðì³¿â ëþäèíè ï³ñëÿ êð³îêîíñåðâóâàííÿ
ìåòîäîì â³òðèô³êàö³¿ / Î. Â. Ïàâëîâè÷, Ã. Î. Ãàïîí, Ò. Î. Þð÷óê [òà ³í.] // Ïðîáëåìè êð³îá³îëîã³¿ òà
êð³îìåäèöèíè. – 2020. – Ò. 30, ¹ 1. – Ñ. 24–33. – DOI : doi.org/10.15407/cryo30.01.024.

12. Colaco S. Paternal factors contributing to embryo quality / S. Colaco, D. Sakkas // J. Assist.
Reprod. Genet. – 2018. – Vol. 35 (11). – P. 1953–1968. – DOI : 10.1007/s10815-018-1304-4.

13.Automatic classification of human sperm head morphology / V. Chang, L. Heutte, C. Petitjean,
S. Hartel, N. Hitschfeld // Comput. Biol. Med. – 2017. – Vol. 84. – P. 205–216. – DOI : 10.1016/
j.compbiomed.2017.03.029.

14. A dictionary learning approach for human sperm heads classification / F. Shaker, S. A. Monadjemi,
J. Alirezaie, A. R. Naghsh-Nilchi // Comput. Biol. Med. – 2017. – Vol. 91. – P. 181–190. – DOI : 10.1016/
j.compbiomed.2017.10.009.

15. The correlation of sperm morphology with unexplained recurrent spontaneous abortion: A systematic
review and meta-analysis / X. Cao, Y. Cui, X. Zhang [et al.] // Oncotarget. – 2017. – Vol. 8. – P. 55646–
55656. – DOI : 10.18632/oncotarget.17233.

16. Sperm morphological abnormalities visualised at high magnification predict embryonic development,
from fertilisation to the blastocyst stage, in couples undergoing ICSI / A. S. Setti, D. P. Braga, L. Vingris
[et al.] // J. Assist. Reprod. Genet. – 2014. – Vol. 31 (11). – P. 1533–1539. – DOI : 10.1007/s10815-014-
0326-9.

17.Genetic abnormalities leading to qualitative defects of sperm morphology or function / P. F. Ray,
A. Toure, C. Metzler-Guillemain [et al.] // Clin. Genet. – 2017. – Vol. 91 (2). – P. 217–232. – DOI :
10.1111/cge.12905.

18. Effects of cryopreservation on sperm parameters and ultrastructural morphology of human
spermatozoa / S. Ozkavukcu, E. Erdemli, A. Isik [et al.] // J. Assist. Reprod. Genet. – 2008. – Vol. 25 (8). –
P. 403–411. – DOI : 10.1007/s10815-008-9232-3.

References
1. Horpinchenko I.²., Romaniuk M.H. (2016). Choloviche bezpliddia: etiolohiia, patohenez, diahnostyka

ta suchasni metody likuvannia [Male infertility: etiology, pathogenesis, diagnostics and advanced methods
of treatment]. Choloviche zdoroviia – Men’s Health, vol. 1 (56), pp. 8–17. Retrieved from
http://nbuv.gov.ua/UJRN/Zdmu_2016_1_3 [in Ukrainian].

ÒÅÎÐÅÒÈ×ÍÀ ² ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2019. ¹ 4 (85)

32

2. Petrushko Ì.P., Pavlovich Ye.V., Pinyaev V.²., Volkova N. (2016). Frahmentatsiia DNK ta protsesy
perekysnoho okyslennia lipidiv u spermiiakh liudyny pry normo- ta patospermii [Processes of DNA
fragmentation and peroxidation of lipid spermatozoa in humans under the normospermia and pathospermia].
Visnyk Lvivskoho universytetu. Seriia Biolohiia – Bulletin of Lviv University. Biology series, vol. 74
(97), pp. 97–103. Retrieved from http://nbuv.gov.ua/UJRN/VLNU_biol_2016_74_14 [in Ukrainian].

3. Petrushko Ì.P., Pavlovich Ye.V., Pinyaev V.²., Volkova N.A., Podyfaliy V.V. (2017). Apoptosis and
processes of DNA fragmentation in native and cryopreserved human sperm cells at normo- and
pathospermia. Cytology and Genetics, vol. 51 (4), pp. 278–281, DOI 10.3103/S0095452717040065.

4. Petrushko M.P. (2017). Suchasnyi stan problemy kriokonservuvannia reproduktyvnykh klityn ta
embrioniv liudyny. Za materialamy naukovoi dopovidi na zasidanni Prezydii NAN Ukrainy 17 travnia
2017 roku [Ñurrent state of cryopreservation of reproductive cells and embryos. According to the scientific
report at the meeting of the Presidium of the NAS of Ukraine on May 17, 2017]. Visnyk NAN Ukrainy –
Bulletin of the NAS of Ukraine, ¹ 7, pp. 44–52, DOI 10.15407/visn2017.07.044 [in Ukrainian].

5. 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, vol. 2012, article ID
854837, DOI 10.1155/2012/854837.

6. Best B. (2015). Cryoprotectant toxicity: facts, issues and questions. Rejuvenation Res., vol. 18
(5), pp. 422–436, DOI 10.1089/rej.2014.1656.

7. WHO laboratory manual for the examination and processing of human semen (5th ed.). (2010).
World Health Organization, Department of Reproductive Health and Research, 287 p.

8. Afzelius B. (1959). Electron microscopy of the sperm tail results obtained with a new fixative. J.
Bioph. Biochem. Cytol., vol. 5 (2), pp. 269–278, PMID 13654448, PMCID PMC2224653.

9. Setti A.S., de Almeida Ferreira Braga D.P., Vingris L., de Cassia Savio Figueira R., Iaconelli A.Jr.,
Borges E.Jr. (2014). The prevalence of sperm with large nuclear vacuoles is a prognostic tool in the
prediction of ICSI success. J. Assist. Reprod. Genet., vol. 31 (3), pp. 307–312, DOI 10.1007/s10815-
013-0157-0.

10. Gaspard O., Vanderzwalmen P., Wirleitner B., Ravet S., Wenders F., Eichel V., Mockova A. et al.
(2018). Impact of high magnification sperm selection on neonatal outcomes: a retrospective study.
J. Assist. Reprod. Genet., vol. 35 (6), pp. 1113–1121, DOI 10.1007/s10815-018-1167-8.

11. Pavlovych O.V., Hapon H.O., Yurchuk T.O., Riepin M.V., Marchenko L.M., Hovorukha T.P.,
Petrushko M.P. (2020). Ultrastrukturni ta funktsionalni kharakterystyky spermiiv liudyny pislia
kriokonservuvannia metodom vitryfikatsii [Ultrastructural and functional characteristics of human
spermatozoa after cryopreservation by vitrification]. Problemy kriobiolohii i kriomedytsyny – Problems
of Cryobiology and Cryomedicine, vol. 30, ¹ 1, pp. 24–33, doi.org/10.15407/cryo30.01.024.

12. Colaco S., Sakkas D. (2018). Paternal factors contributing to embryo quality. J. Assist. Reprod.
Genet., vol. 35 (11), pp. 1953–1968, DOI 10.1007/s10815-018-1304-4.

13. Chang V., Heutte L., Petitjean C., Hartel S., Hitschfeld N. (2017). Automatic classification of
human sperm head morphology. Comput. Biol. Med., vol. 84, pp. 205–216, DOI 10.1016/j.comp-
biomed.2017.03.029.

14. Shaker F., Monadjemi S.A., Alirezaie J., Naghsh-Nilchi A.R. (2017). A dictionary learning approach
for human sperm heads classification. Comput. Biol. Med., vol. 91, pp. 181–190, DOI 10.1016/
j.compbiomed.2017.10.009.

15. Cao X., Cui Y., Zhang X., Lou J., Zhou J., Wei R. (2017). The correlation of sperm morphology
with unexplained recurrent spontaneous abortion: A systematic review and meta-analysis. Oncotarget,
vol. 8, ¹ 33, pp. 55646–55656, DOI 10.18632/oncotarget.17233.

16. Setti A.S., Braga D.P., Vingris L., Serzedello Th., de Cassia Savio Figueira R., Iaconelli Jr.A.,
Borges Jr. E. (2014). Sperm morphological abnormalities visualised at high magnification predict embryonic
development, from fertilisation to the blastocyst stage, in couples undergoing ICSI. J. Assist. Reprod.
Genet., vol. 31 (11), pp. 1533–1539, DOI 10.1007/s10815-014-0326-9.

17. Ray P.F., Toure A., Metzler-Guillemain C., Mitchell M.J., Arnoult C., Coutton C. (2017). Genetic
abnormalities leading to qualitative defects of sperm morphology or function. Clin. Genet., vol. 91 (2),
pp. 217–232, DOI 10.1111/cge.12905.

18. Ozkavukcu S., Erdemli E., Isik A., Oztuna D., Karahuseyinoglu S. (2008). Effects of
cryopreservation on sperm parameters and ultrastructural morphology of human spermatozoa. J. Assist.
Reprod. Genet., vol. 25 (8), pp. 403–411, DOI 10.1007/s10815-008-9232-3.

ÒÅÎÐÅÒÈ×ÍÀ ² ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ÌÅÄÈÖÈÍÀ



ÌÅÄÈÖÈÍÀ ÑÜÎÃÎÄÍ² ² ÇÀÂÒÐÀ. 2019. ¹ 4 (85)

33

Å.Â. Ïàâëîâè÷, À.À. Ãàïîí, Ò.À. Þð÷óê, Ì.Ï. Ïåòðóøêî
ÊÐÈÎÊÎÍÑÅÐÂÈÐÎÂÀÍÈÅ ÑÏÅÐÌÀÒÎÇÎÈÄÎÂ ×ÅËÎÂÅÊÀ Ñ ÏÐÎÍÈÊÀÞÙÈÌÈ
È ÍÅÏÐÎÍÈÊÀÞÙÈÌÈ ÊÐÈÎÏÐÎÒÅÊÒÎÐÀÌÈ

Ïðè ëå÷åíèè áåñïëîäèÿ ìåòîäàìè âñïîìîãàòåëüíûõ ðåïðîäóêòèâíûõ òåõíîëîãèé øèðîêî èñïîëü-
çóþò êðèîêîíñåðâèðîâàííûå ñïåðìàòîçîèäû. Îäíàêî ÷àñòîòà âûæèâàíèÿ ñïåðìàòîçîèäîâ ó ïàöèåí-
òîâ ñ îëèãîàñòåíîòåðàòîçîîñïåðìèåé îñòàåòñÿ íèçêîé. Â ñâÿçè ñ ýòèì ðàçðàáîòêà ýôôåêòèâíûõ ñïî-
ñîáîâ êðèîêîíñåðâèðîâàíèÿ ñïåðìàòîçîèäîâ ïðè ïàòîñïåðìèè ÿâëÿåòñÿ àêòóàëüíîé. Â èññëåäîâà-
íèè ñðàâíèâàëè ýôôåêòèâíîñòü êðèîêîíñåðâèðîâàíèÿ ñïåðìàòîçîèäîâ ìóæ÷èí ïðè îëèãîàñòåíîòå-
ðàòîçîîñïåðìèè ñ ïðèìåíåíèåì ïðîíèêàþùèõ è íåïðîíèêàþùèõ êðèîïðîòåêòîðîâ. Ïîñëå êðèîêîí-
ñåðâèðîâàíèÿ îöåíèâàëè ïîäâèæíîñòü, æèçíåñïîñîáíîñòü è ìîðôîëîãè÷åñêèå õàðàêòåðèñòèêè ñïåð-
ìàòîçîèäîâ. Ïîêàçàíî, ÷òî áëàãîäàðÿ êðèîêîíñåðâèðîâàíèþ ñ ïîëèâèíèëïèððîëèäîíîì ñîõðàíåòñÿ
(89,6±8,6) % æèçíåñïîñîáíûõ êëåòîê ñ íîðìàëüíûìè ìîðôîëîãè÷åñêèìè õàðàêòåðèñòèêàìè. Êðèî-
êîíñåðâèðîâàíèå ñïåðìèåâ ÷åëîâåêà ñ ïîëèâèíèëïèððîëèäîíîì ÿâëÿåòñÿ ïåðñïåêòèâíûì äëÿ âñïî-
ìîãàòåëüíûõ ðåïðîäóêòèâíûõ òåõíîëîãèé, ïîñêîëüêó ìîæíî èñïîëüçîâàòü ñïåðìàòîçîèäû ñðàçó
ïîñëå îòîãðåâà äëÿ îïëîäîòâîðåíèÿ îîöèòîâ.

Êëþ÷åâûå ñëîâà: êðèîêîíñåðâèðîâàíèå ñïåðìàòîçîèäîâ, ïîäâèæíîñòü, ïîëèâèíèëïèððîëèäîí,
îëèãîàñòåíîòåðàòîçîîñïåðìèÿ.

E. Pavlovich, G. Gapon, T. Yurchuk, M. Petrushko
CRYOPRESERVATION OF HUMAN SPERMATOZOA WITH PENETRATING AND NON-PENETRATING
CRYOPROTECTANTS

Ñryopreserved spermatozoa are widely used in infertility treatment by assisted reproductive technologies.
However, the spermatozoa survival rate remains low in patients with oligoastenoteratozoospermia. Therefore
the development of effective cryopreservation methods for spermatozoa from pathospermia is relevant.
The effectiveness of cryopreservation spermatozoa from oligoastenoteratozoospermia man using
penetrating and non-penetrating cryoprotectants was compared. Sperm motility, viability and morphological
characteristics were evaluated after cryopreservation with glycerol and polyvinylpyrrolidone. The average
number of spermatozoa count in fresh ejaculate was (11.0±0.2) mln/ml. After isolation of active motile
fraction the number of cells was (3.8±0.3) mln/ml and (84.3±8.4) % from them were motile (group 3).
(78.8±6.6) % of spermatozoa cryopreserved with glycerol (group 1) and (41.4±8.1) % cryopreserved
with polyvinylpyrrolidone (group 2) remained active motile. The spermatozoa viability after cryopreservation
was (82.1±8.6)% and (89.6±8.6) % in group 1 and 2, respectively. Despite the high rate of spermatozoa
survival in group 1 the number of motile cells decreased to (27.3±4.8) % after cryoprotectant removing
stage. Morphological analysis revealed that the incidence of spermatozoa head abnormalities was
(25.97±2.67), (19.21±2.67) and (20.57±1.19) % in group 1–3, respectively. The differences of spermatozoa
midpiece and tail abnormalities in the study groups were statistically insignificant. The use of
polyvinylpyrrolidone as a cryoprotectant allows preserving 90 % of survived spermatozoa from
oligoastenoteratozoospermia men after freeze/thawing. The set of spermatozoa head, neck and midpiece
abnormalities is significantly lower after cryopreservation with polyvinylpyrrolidone compared with routine
method with glycerol. Two-stage spermatozoa cryopreservation method with polyvinylpyrrolidone is
promising for assisted reproductive technologies since spermatozoa can be used immediately after warming
for oocyte fertilization without cryoprotectant removing step.

Keywords: spermatozoa cryopreservation, motility, polyvinylpyrrolidone, oligoastenoteratozoospermia.
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