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Âïëèâ NO íà ìåéîòè÷íå äîçð³âàííÿ
îîöèò³â ìèøåé in vitro

Èçâåñòíî, ÷òî ïðåèìïëàíòàöèîííûé ïåðèîä âàæåí äëÿ íîðìàëüíîãî ðàçâèòèÿ çàðîäûøà
ìûøè. Âëèÿíèå NO íà ïðîöåññ ìåéîòè÷åñêîãî ñîçðåâàíèè îîöèòîâ ìëåêîïèòàþùèõ îñòàåòñÿ
äî êîíöà íå âûÿñíåíûì. Èññëåäîâàíî âëèÿíèå äîíîðà NO, áëîêàòîðà NO-ñèíòàç íà ìåéîòè-
÷åñêîå ñîçðåâàííå îîöèòîâ ìûøåé. Ïîêàçàíî, ÷òî àêòèâíîñòü îîöèòàðíûõ NOS íåîáõîäè-
ìà äëÿ îñóùåñòâëåíèÿ ìåéîòè÷åñêîãî ñîçðåâàíèÿ îîöèòîâ; NO âëèÿåò íà ïðîöåññ âîçîáíîâ-
ëåíèÿ ìåéîçà îîöèòàìè. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî NO ÿâëÿåòñÿ
êëþ÷åâûì ìåäèàòîðîì ìåéîòè÷åñêîãî ñîçðåâàíèÿ îîöèòîâ in vitro.

ÂÑÒÓÏ

Îêñèä àçîòó (NO) � â³ëüíîðàäèêàëüíèé ãàç,
ÿêèé âèêîíóº ÷èñëåíí³ ôóíêö³¿ â ð³çíèõ òêà-
íèíàõ. Äî íàéá³ëüø âèâ÷åíèõ â³äíîñÿòü ó÷àñòü
ó ôóíêö³îíóâàíí³ ñóäèííîãî åíäîòåë³þ, ó
áàêòåð³îöèäíîìó òà ïðîòèâîïóõëèíîìó åôåê-
òàõ ëåéêîöèò³â ³ ó ð³çíîìàí³òíèõ íåéðî-
íàëüíèõ ôóíêö³ÿõ [5]. Îñê³ëüêè íåðâîâ³,
ñóäèíí³ é ³ìóíí³ êë³òèíè º íåâ³ä�ºìíèì êîì-
ïîíåíòîì ðåïðîäóêòèâíèõ îðãàí³â, òî NO
ïðàâîì³ðíî ðîçãëÿäàòè ÿê âàæëèâèé ðåãó-
ëÿòîð ô³ç³îëîã³÷íèõ ïðîöåñ³â ðåïðîäóêòèâ-
íî¿ ñèñòåìè [9 � 11,15]. NO ïðîäóêóºòüñÿ ç
L-àðã³í³íó çà ó÷àñò³ ôåðìåíòó öèòîçîëÿ NO-
ñèíòàçè (NOS). Ïîêàçàíî, ùî îñòàííÿ çäàò-
íà çâ�ÿçóâàòèñÿ ç çîâí³øíüîþ ìåìáðàíîþ
êë³òèíè ³ ó ðàç³ íåîáõ³äíîñò³ ïîâåðòàòèñÿ
íàçàä ó öèòîïëàçìó [17]. ²ñíóþòü äâà êëàñè
NO-ñèíòàç: êîíñòèòóòèâíà (ñNOS: eNOS ³
nNOS), ùî åêñïðåñóºòüñÿ ïîñò³éíî ³ ïîòðå-
áóº êàëüö³é/êàëüìîäóë³í ÿê êîôàêòîð, òà
³íäóöèáåëüíà (iNOS), ùî ïðîäóêóº NO ó
ðàç³ ïîòðåáè, ³ º íåçàëåæíà â³ä êàëüö³þ [13].
Á³îõ³ì³÷íî òà ³ìóíîã³ñòîõ³ì³÷íî äîâåäåíà
íàÿâí³ñòü NO-ñèíòàç (iNOS ³ ñNÎS) ÿê ó
÷îëîâ³÷èõ, òàê ³ â æ³íî÷èõ ðåïðîäóêòèâíèõ
îðãàíàõ [6]. Êð³ì òîãî, ³ìóíîôëóîðåñöåíò-

íî ïîêàçàíî ³ñíóâàííÿ åNÎS íà ïîâåðõí³
îâàð³àëüíèõ ³ îâóëüîâàíèõ îîöèò³â, îòðè-
ìàíèõ â³ä áåçïîðîäíèõ ìèøåé, àëå íå â³ä
ìèøåé, ó ÿêèõ ãåí äëÿ eNOS áóëî óøêîä-
æåíî (�eNOS knock-out�) [11]. Çà íàÿâíîñò³
L-öèòðóë³íó, âèçíà÷åíî àêòèâí³ñòü NOS ó
ïåðåïåëèíèõ îîöèòàõ [16]. Ïîêàçàíî, ùî ï³ä-
âèùåííÿ êîíöåíòðàö³¿ NO ó ôîë³êóëÿðí³é
ð³äèí³ ïîçèòèâíî êîðåëþº ç ðîçì³ðîì ôîë³-
êóëà [14]. Â³äîìî, ùî âòðàòà ãåíà eNOS çó-
ìîâëþº çìåíøåííÿ ìàñè ÿº÷íèê³â ³ ê³ëüêîñò³
îâóëüîâàíèõ îîöèò³â ïîð³âíÿíî ç òàêèìè ó
áåçïîðîäíèõ ìèøåé [11]. Äîâåäåíî, ùî NO
ìîæå ôóíêö³îíóâàòè ÿê âàçîäèëàòàòîð, êîò-
ðèé ³í³ö³þº çá³ëüøåííÿ òå÷³¿ êðîâ³ â ÿº÷íèêó,
ùî º âàæëèâèì äëÿ çä³éñíåííÿ îâóëÿö³¿ [7].
Ðîëü NO â ìåéîòè÷íîìó äîçð³âàíí³ îâàð³àëü-
íèõ îîöèò³â ïîòðåáóº ïîäàëüøîãî âèâ÷åííÿ.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
âïëèâó äîíîðà NO (í³òðîïðóñèäó íàòð³þ),
áëîêàòîðà NO-ñèíòàç (NG-ìîíîìåòèë-L-àð-
ã³í³í) íà ìåéîòè÷íå äîçð³âàííÿ îîöèò³â ìè-
øåé in vitro.

ÌÅÒÎÄÈÊÀ

Ó ðîáîò³ âèêîðèñòàëè îîöèòè â³ä ñàìèöü
ìèøåé ë³í³¿ ÑÂÀ â³êîì 8 òèæ ³ ìàñîþ 16 �
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20 ã íà ñòàä³¿ ä³åñòðóñó åñòðàëüíîãî öèêëó.
Ï³ä åô³ðíèì íàðêîçîì â³äáèðàëè ÿº÷íèêè, ç
ÿêèõ íåôåðìåíòàòèâíî âèä³ëÿëè ôîë³êóëè,
à ç ôîë³êóë³â ð³çíèõ ðîçì³ð³â � îîöèòè,
ÿê³ ïðîìèâàëè, ï³äðàõîâóâàëè ³ ï³ääàâàëè
ìîðôîëîã³÷í³é îö³íö³ [4]. Ìîðôîëîã³÷íå äîñ-
ë³äæåííÿ îîöèò³â ïðîâîäèëè çà äîïîìîãîþ
³íâåðòîâàíîãî ì³êðîñêîïà ïðè çá³ëüøåíí³
40×15. Âðàõîâóâàëè íàÿâí³ñòü çàðîäêîâîãî
ïóõèðöÿ (ÇÏ+), ñòàí ïåðèâ³òåë³íîâîãî ïðîñ-
òîðó ³ öèòîïëàçìè, à ñàìå ù³ëüí³ñòü, ñòóï³íü
ãðàíóëüîâàíîñò³, íàÿâí³ñòü îçíàê ôðàãìåí-
òàö³¿ òà äåãåíåðàö³¿. Îîöèòè áóëè ðîçä³ëåí³
íà äâ³ ãðóïè. Äî ² ãðóïè â³äíåñëè îîöèòè
çàäîâ³ëüíî¿ ÿêîñò³: ³ç çàðîäêîâèì ïóõèðöåì
³ ð³âíîì³ðíî ãðàíóëüîâàíîþ öèòîïëàçìîþ,
äî ²² � íèçüêî¿ ÿêîñò³: ³ç çàðîäêîâèì ïóõèð-
öåì, ðîçøèðåíèì ïåðèâ³òåë³íîâèì ïðîñòî-
ðîì ³ ç öèòîïëàçìîþ íåð³âíîì³ðíî ãðàíó-
ëüîâàíîþ, òîáòî ç îçíàêàìè ôðàãìåíòàö³¿/
äåãåíåðàö³¿. Â³ä³áðàí³ ÿê çàäîâ³ëüí³ îîöèòè
êóëüòèâóâàëè ó ñòåðèëüíîìó áîêñ³ ïî
40 øòóê ó êàìåðàõ ç 0,4 ìë ñåðåäîâèùà
DÌÅ ç 15 ììîëü/ë HEPES ³ êîíöåíòðàö³ºþ
êàëüö³þ 1,71 ììîëü/ë ïðè 370Ñ. Â³äíîâëåííÿ
ìåéîçó îîöèòàìè îö³íþâàëè çà çðóéíóâàí-
íÿì çàðîäêîâîãî ïóõèðöÿ, çàâåðøåííÿ
ìåéîçó - çà ôîðìóâàííÿì ïîëÿðíîãî ò³ëüöÿ.
Í³òðîïðóñèä íàòð³þ, ÿêèé âèâ³ëüíþº NO ó
ïîçàêë³òèííå ñåðåäîâèùå [3, 8] ³ NG-ìî-
íîìåòèë-L-àðã³í³í, ÿêèé º ³íã³á³òîðîì óñ³õ
³çîôîðì NO-ñèíòàç, äîäàâàëè â ñåðåäîâèùå
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êóëüòèâóâàííÿ îîöèò³â ó ê³íöåâèõ êîíöåíò-
ðàö³ÿõ, ùî ñòàíîâèëè äëÿ í³òðîïðóñèäó íàò-
ð³þ 0,12 ³ 0,20 ììîëü/ë; äëÿ NG-ìîíîìåòèë-
L-àðã³í³í � 0,02,  0,12 ììîëü/ë. Îá÷èñëþâàëè
â³äíîøåííÿ ê³ëüêîñò³ îîöèò³â ç³ çðóéíîâà-
íèì çàðîäêîâèì ïóõèðöåì (ÇÏ-) ï³ñëÿ 1  ³
2 ãîä êóëüòèâóâàííÿ ³ òàêèõ, êîòð³ ôîðìó-
âàëè ïîëÿðíå ò³ëüöå (ÏÒ) ï³ñëÿ 20 ãîä êóëü-
òèâóâàííÿ äî ïî÷àòêîâî¿ ê³ëüêîñò³ îîöèò³â
³ç çàðîäêîâèì ïóõèðöåì (ÇÏ+) ó â³äñîòêàõ
(% ÇÏ- ³ %ÏÒ). Âïëèâ äîñë³äæóâàíèõ ðå÷î-
âèí çä³éñíþâàëè ïàðàëåëüíî â òðèïë³êàòàõ
êóëüòèâîâàíèõ êë³òèí. Ó êîæíîìó åêñïå-
ðèìåíò³ áóëè êîíòðîëüí³ êë³òèíè áåç âïëèâó
äîñë³äæóâàíèõ ðå÷îâèí. Äëÿ âèçíà÷åííÿ â³-
ðîã³äíîñò³ â³äì³ííîñòåé ì³æ ãðóïàìè âèêî-
ðèñòîâóâàëè êðèòåð³é t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ðàí³øå âñòàíîâëåíî, ùî ï³ñëÿ âïëèâó áëî-
êàòîð³â NOS â³äáóâàºòüñÿ çìåíøåííÿ îâó-
ëÿòîðíî¿ ïðîäóêòèâíîñò³ òà ïîðóøåííÿ â
ìåéîòè÷íîìó äîçð³âàíí³ îîöèò³â [1,2,11,18].

Íàìè ïîêàçàíî, ùî â ñåðåäîâèù³ ç
NG-ìîíîìåòèë-L-àðã³í³í ó äîçàõ 0,02 ³
0,12 ììîëü/ë â³ðîã³äíî íå â³äáóâàëîñÿ ïðèã-
í³÷åííÿ â³äíîâëåííÿ ìåéîçó îîöèòàìè ìè-
øåé çà ðîç÷èíåííÿì çàðîäêîâîãî ïóõèðöÿ,
àëå ïðèãí³÷óâàëàñÿ çäàòí³ñòü îîöèò³â
äî çàâåðøåííÿ ìåéîòè÷íîãî äîçð³âàííÿ (çà
ôîðìóâàííÿì ïåðøîãî ïîëÿðíîãî ò³ëüöÿ)

Ðèñ 2. Âïëèâ äîíîðà NO íà â³äíîâëåííÿ ìåéîòè÷íîãî
äîçð³âàííÿ îîöèò³â: 1 � îîöèòè, ÿê³ â³äíîâëþâàëè
ìåéîòè÷íå äîçð³âàííÿ (% ÇÏ-) ó ñåðåäîâèù³ áåç äîíîðà
NO (êîíòðîëü), 2, 3 � îîöèòè, ÿê³ â³äíîâëþâàëè ìåéî-
òè÷íå äîçð³âàííÿ (%ÇÏ-) ó ñåðåäîâèù³ ç í³òðîïðó-
ñèäîì íàòð³þ: 0,12 ³ 0,20 ììîëü/ë â³äïîâ³äíî.
** Ð<0,05 � äîñòîâ³ðí³ñòü â³äì³ííîñòåé â³äíîñíî êîíò-
ðîëþ.

Ðèñ 1. Âïëèâ áëîêàòîðà NOS íà ìåéîòè÷íå äîçð³âàííÿ
îîöèò³â ìèøåé in vitro: 1 � îîöèòè, ÿê³ ôîðìóâàëè
ïîëÿðíå ò³ëüöå (%ÏÒ) ó ñåðåäîâèù³ áåç áëîêàòîðà NOS
(êîíòðîëü), 2, 3 � îîöèòè, ÿê³ ôîðìóâàëè ïîëÿðíå ò³ëü-
öå (%ÏÒ) ó ñåðåäîâèù³ ç NG-ìîíîìåòèë-L-àðã³í³íîì:
0,02 ³ 0,12 ììîëü/ë â³äïîâ³äíî.
* Ð<0,01; ** Ð<0,05 � äîñòîâ³ðí³ñòü â³äì³ííîñòåé â³ä-
íîñíî êîíòðîëþ.
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(ðèñ.1). Òàê, â³äñîòîê îîöèò³â, êîòð³ çàâåð-
øóâàëè ìåéîòè÷íå äîçð³âàííÿ ñòàíîâèâ
45,0 ± 1,3 (Ð<0,05) ³ 40,0 % ± 1,4 % (Ð<0,01)
â³äïîâ³äíî ïîð³âíÿíî ç 54,0 % ± 2,5 % ó êîíò-
ðîë³. Òàêèì ÷èíîì, àêòèâí³ñòü îîöèòàðíèõ
NOS º íåîáõ³äíîþ óìîâîþ äëÿ çàâåðøåííÿ
ìåéîòè÷íîãî äîçð³âàííÿ îîöèò³â ìèø³. Äëÿ
óòî÷íåííÿ ÿêà (÷è ÿê³) ñàìå ç â³äîìèõ NOS
áåðóòü ó÷àñòü ó öèõ ïðîöåñàõ íåîáõ³äíî
ïðîäîâæèòè äîñë³äæåííÿ ç âèêîðèñòàííÿì
ñïåöèô³÷íèõ (äî îêðåìèõ NOS) áëîêàòîð³â.

Çã³äíî ç äàíèìè ³íøèõ àâòîð³â ââåäåííÿ
í³òðîïðóñèäó íàòð³þ âèêëèêàëî ôîë³êóëÿð-
íèé ðîçðèâ ïðè â³äñóòíîñò³ ãîíàäîòðîï³í³â,
àëå íå âïëèâàëî íà ìåéîòè÷íå äîçð³âàííÿ
îîöèò³â ó ïåðôóçîâàíèõ ÿº÷íèêàõ ñàìèöü
êðîë³â [18].

Ó ñåðåäîâèù³ ç í³òðîïðóñèäîì íàòð³þ
ó êîíöåíòðàö³¿ 0,20 ììîëü/ë â³äáóâàëîñÿ
ïðèãí³÷åííÿ äîçð³âàííÿ îîöèò³â íà ñòàä³¿
â³äíîâëåííÿ ìåéîçó (ðèñ.2). Â³äñîòîê îîöè-
ò³â, êîòð³ â³äíîâëþâàëè ìåéîòè÷íå äîçð³-
âàííÿ ñòàíîâèâ 14,5 % ± 1,1 % (Ð<0,05) ïî-
ð³âíÿíî ç 22,5 % ± 2,5 % ó êîíòðîë³. Îòæå,
ïåâíà êîíöåíòðàö³ÿ NO ³íã³áóº îîãåíåç íà
ð³âí³ â³äíîâëåííÿ ìåéîçó îîöèòàìè.

Òàêèì ÷èíîì, ïîêàçàíî, ùî àêòèâí³ñòü
îîöèòàðíèõ NOS ³ íàÿâí³ñòü NO º íåîáõ³ä-
íîþ óìîâîþ äëÿ çä³éñíåííÿ ìåéîòè÷íîãî
äîçð³âàííÿ îîöèò³â, àëå íàäëèøîê NO ìîæå
áóòè ôàêòîðîì ïðèãí³÷åííÿ ìåéîçó âæå íà
ñòàä³¿ éîãî â³äíîâëåííÿ.

T.Yu. Voznesenska, T.V.Blashkiv

THE ROLE OF NITRIC OXIDE IN MEIOTIC
MATURATION OF THE MURINE OOCYTES
IN VITRO

The preimplantation period is known to be  critical for the
normal murine  development. Although the importance of
nitric oxide during gestation was demonstrated, its role in the
meiotic maturation of  oocytes has not been  defined yet.
Effects of NO donor SNP and  an inhibitor  of  nitric oxide
synthase (NOS) L-NMMA  on the meiotic maturation of the
murine oocytes were studied in experiments in vitro.  The
results have shown  that an activity of NOS  in an oocyte was
necessary for  meiotic maturation; NO influenced the  process
of resumption  of the oocyte maturation. Those results

evidence that NO is a key modulator of  the oocyte meiotic
maturation in vitro.

A.A. Bogomoletz Institute of Phyziology

National Academy of Science of Ukraine, Kiev
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