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Ðîëü îêñèäó àçîòó â ðåàêö³ÿõ ïå÷åðèñòèõ ò³ë,
ÿê³ âèêëèêàí³ ïåðåêèñîì âîäíþ

Ãëàäêèå ìûøöû (ÃÌ) ïåùåðèñòûõ òåë â îñíîâíîì ïðåáûâàþò â ñîêðàùåííîì ñîñòîÿíèè,
êîòîðîå ñîñòîèò èç òîíè÷åñêîãî è òåòàíè÷åñêîãî êîìïîíåíòîâ. Òåòàíè÷åñêîå ñîêðàùåíèå
ÿâëÿåòñÿ ðåçóëüòàòîì ñóïåðïîçèöèè ôàçíûõ ñîêðàùåíèé, âîçíèêàþùèõ ñïîíòàííî ñ ÷àñòîòîé
5�27 â ìèíóòó. Ïåðåêèñü âîäîðîäà â êîíöåíòðàöèè 10-3 ìîëü/ë âûçûâàåò ïðåõîäÿùåå óâåëè÷åíèå
òåòàíè÷åñêîãî ñîêðàùåíèÿ, êîòîðîå äëèòñÿ îò 5 äî 8 ìèí è ñìåíÿåòñÿ ëèáî âîññòàíîâëåíèåì
ñïîíòàííîé àêòèâíîñòè, ëèáî óìåíüøåíèåì ÷àñòîòû ôàçíûõ ñîêðàùåíèé è ðàññëàáëåíèåì
ìûøå÷íîé ïîëîñêè. Ïðè äåéñòâèè â òå÷åíèå 30 ìèí ñïåöèôè÷åñêîãî áëîêàòîðà NO-ñèíòàçû,
L-NAME, íå íàáëþäàåòñÿ ñóùåñòâåííîãî èçìåíåíèÿ ñïîíòàííîé àêòèâíîñòè ÃÌ ïåùåðèñòûõ
òåë, îäíàêî àìïëèòóäà è äëèòåëüíîñòü âûçâàííîé Í

2
Î

2
 ñîêðàòèòåëüíîé ðåàêöèè

óâåëè÷èâàþòñÿ íà 41,2 ± 14,5 è 52,5 % ± 22,8 % (n=9) ñîîòâåòñòâåííî. Ýêçîãåííûå äîíîðû NO
íèòðîãëèöåðèí è íèòðîïðóññèä íàòðèÿ, íàïðîòèâ, âûçûâàþò óãíåòåíèå ñïîíòàííîé
àêòèâíîñòè è ðàññëàáëåíèå ìûøå÷íîé ïîëîñêè. Â ýòèõ óñëîâèÿõ àìïëèòóäà è äëèòåëüíîñòü
ñîêðàùåíèÿ íà äåéñòâèå Í

2
Î

2
 óìåíüøàþòñÿ íà 8,7 ± 3,7 è 24,5 % ± 10,6 % (n=7) ñîîòâåòñòâåííî

ïî ñðàâíåíèþ ñ èñõîäíûìè çíà÷åíèÿìè. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü âûâîä,
÷òî òåòàíè÷åñêèé êîìïîíåíò ÿâëÿåòñÿ âàæíîé ñîñòàâëÿþùåé òîíóñà ÃÌ ïåùåðèñòûõ òåë,
êîòîðûé íàõîäèòñÿ ïîä âëèÿíèåì ñâîáîäíî ðàäèêàëüíûõ ôîðì êèñëîðîäà è êîíòðîëèðóåòñÿ
NO-çàâèñèìûì ìåõàíèçìîì.

ÂÑÒÓÏ

Åíäîòåë³é ïå÷åðèñòèõ ò³ë â³ä³ãðàº âàæëèâó
ðîëü ó ðîçñëàáëåíí³ ãëàäåíüêèõ ì�ÿç³â
(ÃÌ), ÿêå º âèð³øàëüíèì ôàêòîðîì äëÿ
ïî÷àòêó òà ï³äòðèìàííÿ åðåêö³¿ [1]. Îêèñ
àçîòó (NO), îñíîâíèé ìåä³àòîð ðîçñëàá-
ëåííÿ, ïðîäóêóºòüñÿ åíäîòåë³àëüíèìè êë³-
òèíàìè àáî äîíîðàìè NO ³ âèêëèêàº ðîç-
ñëàáëåííÿ ÃÌ, àêòèâóþ÷è ãóàí³ëàòöèêëàçó,
ùî ñïðè÷èíþº çá³ëüøåííÿ âíóòð³øíüî-
êë³òèííîãî âì³ñòó öèêë³÷íîãî ãóàíîçèí-
ìîíîôîñôàòó (öÃÌÔ) [2]. ²ç çá³ëüøåííÿì
öÃÌÔ ïîâ�ÿçàíî çìåíøåííÿ âíóòð³øíüî-
êë³òèííî¿ êîíöåíòðàö³¿ Ñà2+, ùî ïðèçâîäèòü
äî ðîçñëàáëåííÿ ÃÌ, ó òîìó ÷èñë³ ³ ïå-
÷åðèñòèõ ò³ë. Ïîêàçàíî, ùî åíäîòåë³àëü-
íèìè êë³òèíàìè êðîâîíîñíèõ ñóäèí òàêîæ
ïðîäóêóþòüñÿ ³ äåÿê³ ðåàêòèâí³ ôîðìè
êèñíþ. Â³ëüí³ ðàäèêàëè ³íàêòèâóþòü NO òà

âïëèâàþòü íà òîíóñ êðîâîíîñíèõ ñóäèí [4].
Ïåðåêèñ âîäíþ (Í

2
Î

2
) º âàæëèâîþ ðåàê-

òèâíîþ ñïîëóêîþ êèñíþ, ÿêà áåðå ó÷àñòü
ó ñêîðî÷åíí³ ñóäèí ³ ¿õ ïîøêîäæåíí³.
Çäàòí³ñòü Í

2
Î

2
 çì³íþâàòè ñóäèííèé òîíóñ

áóëà ïîêàçàíà íà ³çîëüîâàíèõ êðîâîíîñíèõ
ñóäèíàõ [3�8], àëå äàíèõ â³äíîñíî âïëèâó
Í

2
Î

2
 íà ÃÌ ïå÷åðèñòèõ ò³ë ìè íå çíàéøëè.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
ðîë³ åíäîòåë³þ â ðåàêö³ÿõ ÃÌ ïå÷åðèñòèõ
ò³ë, âèêëèêàíèõ ä³ºþ ïåðåêèñó âîäíþ.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà ñàìöÿõ êðîë³â ìàñîþ
2�2,5 êã, ó ÿêèõ âèäàëÿëè ïåí³ñ ï³ñëÿ ïðî-
âåäåííÿ ïîâ³òðÿíî¿ åìáîë³¿. Ïîçäîâæí³ ì�ÿ-
çîâ³ ñìóæêè ïå÷åðèñòèõ ò³ë çàâäîâæêè äî 6
ìì ³ øèðèíîþ äî 2 ìì ðîçì³ùóâàëè â
ïðîòî÷íèé ðîç÷èí Êðåáñà ïðè 36,5 OÑ. Ñêî-
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ðîòëèâó àêòèâí³ñòü ÃÌ ðåºñòðóâàëè â ðå-
æèì³, áëèçüêîìó äî ³çîìåòðè÷íîãî çà
äîïîìîãîþ òåíçîìåòðè÷íîãî äàò÷èêà íà
÷îðíèëüíîìó ñàìîïèñö³. Ðîç÷èí Êðåáñà áóâ
òàêîãî ñêëàäó ( ììîëü/ë ): NaCl � 120; KCl �
5,9; NaHCO

3
 � 15,5; NaH

2
PO

4
 � 1,2; MgCl

2
 �

1,2; CaCl
2
 � 2,5; ãëþêîçà � 11,5. Ðåçóëüòàòè

ñòàòèñòè÷íî¿ îáðîáêè åêñïåðèìåíòàëüíèõ
ðåçóëüòàò³â íàâåäåíî ÿê ñåðåäí³ àðèôìå-
òè÷í³ ± ïîõèáêà ñåðåäíüîãî.

Äëÿ äîñë³ä³â âèêîðèñòîâóâàëè: 1%-é
ðîç÷èí Í

2
Î

2
 (ÓêðÔàðì, Óêðà¿íà), NGnitro-

l-arginin mehtyl ester (L-NAME) (�Sigma�,
ÑØA), í³òðîãë³öåðèí (�Abbot Laboratories�,
USA), í³òðîïðóñèä (�P.P.H. Polskie Odczyn-
niki Chemiczne Gliwice�, Ïîëüùà).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Íàìè áóëî ïîêàçàíî, ùî ÃÌ ïå÷åðèñòèõ ò³ë
êðîëèêà ìàþòü ñïîíòàííó àêòèâí³ñòü, ÿêà
õàðàêòåðèçóºòüñÿ øâèäêèìè ôàçíèìè
ñêîðî÷åííÿìè. ×àñòîòà ñêîðî÷åíü âàð³þº
â³ä 10 äî 27 çà õâèëèíó â ð³çíèõ ñìóæêàõ.
Õàðàêòåð ñïîíòàííî¿ àêòèâíîñò³ ñóòòºâî íå
çì³íþºòüñÿ çà íàÿâíîñò³ ñïåöèô³÷íîãî áëî-
êàòîðà NO-ñèíòàçè L-NAME â êîíöåíòðà-
ö³¿ 10-4 ìîëü/ë.

Ïåðåêèñ âîäíþ ó êîíöåíòðàö³¿ 10-3 ìîëü/ë
óæå íà ïåðø³é õâèëèí³ ä³¿ âèêëèêàº ñêëàäíó
ðåàêö³þ ì�ÿçîâî¿ ñìóæêè. Â îñíîâíîìó,
ñïî÷àòêó ñïîñòåð³ãàºòüñÿ êîðîòêî÷àñíå òå-
òàí³÷íå ñêîðî÷åííÿ ÃÌ (2�8 õâ), ÿêå â
äåÿêèõ âèïàäêàõ çì³íþºòüñÿ  ïðèãí³÷åííÿì
ôàçíèõ ñêîðî÷åíü ³ ïîäàëüøèì ðîçñëàá-
ëåííÿì ì�ÿçîâî¿ ñìóæêè (ðèñ 1, à), à â äåÿêèõ
� â³äíîâëåííÿì ôàçíî¿ ñêîðîòëèâî¿ àêòèâ-
íîñò³ (ðèñ 2, à). Êîðîòêî÷àñíå ðîçñëàáëåííÿ
ì�ÿçîâîãî ïðåïàðàòó ñïîñòåð³ãàëîñü ³ ïåðåä
ñêîðî÷åííÿì, ÿêå âèêëèêàâ Í

2
Î

2
. Ä³ÿ îñ-

òàííüîãî ìàº çâîðîòíèé õàðàêòåð ³ ñïîíòàí-
íà àêòèâí³ñòü ì�ÿçîâî¿ ñìóæêè â³äíîâëþ-
ºòüñÿ ï³ñëÿ 15�20 õâ â³äìèâàííÿ íîðìàëü-
íèì ðîç÷èíîì.

Äëÿ âèçíà÷åííÿ ðîë³ NO â ðåàêö³ÿõ ïå÷å-
ðèñòèõ ò³ë, âèêëèêàíèõ Í

2
Î

2
, áóëî äîñë³ä-

æåíî ä³þ L-NAME íà ö³ ðåàêö³¿. ßêùî
ì�ÿçîâ³ ñìóæêè âèòðèìàòè ÿêíàéìåíø 30
õâ ó ðîç÷èí³ Êðåáñà, ÿêèé ì³ñòèòü L-NAME
(10-4 ìîëü/ë), ðåàêö³ÿ íà Í

2
Î

2
 çì³íþºòüñÿ.

ßê ïðàâèëî, çá³ëüøóºòüñÿ àìïë³òóäà òà
òðèâàë³ñòü ñêîðîòëèâî¿ ðåàêö³¿, çíèêàº
ðîçñëàáëåííÿ, ÿêå ñïîñòåð³ãàëîñÿ ïåðåä
ñêîðî÷åííÿì, à òðèâàë³ñòü ðîçñëàáëåííÿ
ì�ÿçîâî¿ ñìóæêè ï³ñëÿ ñêîðî÷åííÿ çíà÷íî
çìåíøóºòüñÿ (äèâ. ðèñ. 1, á).

Ðîëü îêñèäó àçîòó

Ðèñ. 1. Ðåàêö³ÿ ãëàäåíüêèõ ì�ÿç³â ïå÷åðèñòèõ ò³ë, ÿêà âèêëèêàíà ä³ºþ Í
2
Î

2
 ó íîðìàëüíîìó ðîç÷èí³ (à) ³ íà 30-é

õâèëèí³ ä³¿ L-NAME (á)

à

á

Í
2
Î

2

Í
2
Î

2

2 õâ

2 ìÍ
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Ïîä³áí³ äàí³ áóëî îòðèìàíî íà àîðò³ ùó-
ð³â. Í

2
Î

2
 âèêëèêàâ ñêîðî÷åííÿ ì�ÿçîâèõ

ñìóæîê, ÿêå íå çàëåæàëî â³ä íàÿâíîñò³
åíäîòåë³þ, âèäàëåíîãî ìåõàí³÷íî [5].

÷èí³  Êðåáñà.  Âèäíî,  ùî íà ôîí³  ä³ ¿
L-NAME àìïë³òóäà òîí³÷íîãî ñêîðî÷åííÿ
òà éîãî òðèâàë³ñòü çá³ëüøóþòüñÿ íà 41,2 ±
14,5 ³ 52,5 % ± 22,8 % (n=9) â³äïîâ³äíî.
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Í
2
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Í
2
Î
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2 õâ

2 ìÍ

â

Í
2
Î

2í³òðîãë³öåðèí

í³òðîãë³öåðèí

Ðèñ. 2. Âïëèâ í³òðîãë³öåðèíó íà ðåàêö³¿ ãëàäåíüêèõ ì�ÿç³â ïå÷åðèñòèõ ò³ë, ÿê³ âèêëèêàí³ ä³ºþ Í
2
Î

2
. ó íîðìàëüíîìó

ðîç÷èí³ (à), íà ôîí³ í³òðîãë³öåðèíó â êîíöåíòðàö³¿ 10-6 ìîëü/ë (á) ³ íà ôîí³ í³òðîãë³öåðèíó â êîíöåíòðàö³¿ 5.10-5

ìîëü/ë (â)

Ðèñ. 3. Âïëèâ L-NAME ³ í³òðîãë³öåðèíó íà àìïë³òóäó (1) òà
òðèâàë³ñòü (2) ñêîðîòëèâî¿ ðåàêö³¿ ãëàäåíüêîì�ÿçîâèõ ñìóæîê
ïå÷åðèñòèõ ò³ë êðîëÿ, ùî âèêëèêàí³ ä³ºþ Í

2
Î

2
 : ² � L-NAME

³ Í
2
Î

2
, ²² � í³òðîãë³öåðèí ³ Í

2
Î

2
. Çà 100 % ïðèéíÿòî ðåàêö³¿

ñêîðî÷åíü, ùî âèêëèêàí³ ä³ºþ Í
2
Î

2
 ó íîðìàëüíîìó ðîç÷èí³

(á³ëèé ñòîâï÷èê)
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Ñë³ä çàçíà÷èòè, ùî äîíîðè NO
í³òðîãë³öåðèí ³ í³òðîïðóñèä âèêëèêàëè
ñõîæ³ äîçîçàëåæí³ ðåàêö³¿ ÃÌ ïå÷åðèñ-
òèõ ò³ë. Ïðè ä³¿ í³òðîãë³öåðèíó â êîí-
öåíòðàö³¿ 10-6 ìîëü/ë ôàçí³ ñêîðî÷åííÿ
ïðèãí³÷óþòüñÿ, ùî ïðèçâîäèòü äî
ðîçñëàáëåííÿ ñìóæêè, ïðîòå ÷åðåç
äåÿêèé ÷àñ ÃÌ çíîâ ãåíåðóþòü ôàçí³
ñêîðî÷åííÿ, àëå ç ìåíøîþ ÷àñòîòîþ
(äèâ. ðèñ. 2,á). Çá³ëüøåííÿ êîíöåíòðà-
ö³¿ í³òðîãë³öåðèíó äî 5.10-5 ìîëü/ë ñïðè-
÷èíþº ñò³éêå ïðèãí³÷åííÿ ôàçíèõ ñêî-
ðî÷åíü ³ ðîçñëàáëåííÿ ì�ÿçîâî¿ ñìóæêè
(äèâ. ðèñ. 2,â). Ñêîðîòëèâà ðåàêö³ÿ,
âèêëèêàíà Í

2
Î

2
 íà ôîí³ ä³¿ äîíîð³â NO,

òåæ çàëåæèòü â³ä ¿õ êîíöåíòðàö³¿.
Íà ä³àãðàì³ (ðèñ. 3) ïîêàçàíî

àìïë³òóäó òà òðèâàë³ñòü ñêîðîòëèâèõ
ðåàêö³é ì�ÿçîâèõ ñìóæîê, ùî âèêëè-
êàí³ Í

2
Î

2
 íà ôîí³ ä³¿ L-NAME òà í³òðî-

ãë³öåðèíó. Çà 100 % áðàëè ñêîðîòëèâó
ðåàêö³þ íà Í
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2
 ó íîðìàëüíîìó ðîç-
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Ðîëü îêñèäó àçîòó

Ïðîòèëåæí³ çì³íè àìïë³òóäè òà òðèâàëîñò³
ñêîðî÷åííÿ âèÿâëåí³ ïðè ä³¿ Í

2
Î

2
 ïðè

íàÿâíîñò³ äîíîð³â NO. Çà öèõ óìîâ àìïë³-
òóäà çìåíøóºòüñÿ íà 8,7 % ± 3,7 %, à òðè-
âàë³ñòü � íà 24,5 % ± 10,6 % (n=7).

Ïîä³áí³ äàí³ áóëî îòðèìàíî íà êðîâî-
íîñíèõ ñóäèíàõ. Òàê, íà ê³ëüöÿõ ³çîëüîâàíî¿
àîðòè ùóðà [5, 6, 8] ³ ìåçåíòåð³àëüí³é
àðòåð³¿ [4] ïîêàçàíî, ùî âèäàëåííÿ åíäîòå-
ë³þ ìåõàí³÷íèì øëÿõîì, ÷è ïðè âèòðè-
ìóâàíí³ ê³ëüöÿ ó ðîç÷èí³ ç L-NNA áëîêàòî-
ðîì NO-ñèíòàçè, ñêîðîòëèâà ðåàêö³ÿ íà
Í

2
Î

2
 çíà÷íî çá³ëüøóºòüñÿ. Àëå º òàêîæ

â³äîìîñò³ ïðî òå, ùî âèäàëåííÿ åíäîòåë³þ
ç ê³ëåöü ìîçêîâî¿ àðòåð³¿ ñîáàêè ïðèçâîäèòü
äî çìåíøåííÿ ñêîðî÷åííÿ, âèêëèêàíîãî
Í

2
Î

2
 [7].

Äîñë³äæåííÿ, ïðîâåäåí³ íà ÃÌ ìåçåíòå-
ð³àëüíî¿ àðòåð³¿  ñâ³ä÷àòü, ùî Í

2
Î

2
 º

åíäîòåë³éçàëåæíèì, ã³ïåðïîëÿðèçóþ÷èì ³
ðîçñëàáëþþ÷èì ôàêòîðîì, àëå ã³ïåðïîëÿ-
ðèçàö³ÿ ìåìáðàíè òà ðîçñëàáëåííÿ ÃÌ
ñïîñòåð³ãàºòüñÿ ïðè ä³¿ åêçîãåííîãî Í

2
Î

2

íà êðîâîíîñí³ ñóäèíè ç³ çáåðåæåíèì åíäîòå-
ë³ºì [4]. Ó äîñë³äàõ, ïðîâåäåíèõ íà ÃÌ
êðîâîíîñíèõ ñóäèí ïîêàçàíî, ùî Í

2
Î

2

âèêëèêàº ðîçñëàáëåííÿ ÷åðåç àêòèâàö³þ
êàëüö³éçàëåæíèõ êàë³ºâèõ êàíàë³â, îïîñå-
ðåäêîâàíó ÷àñòêîâî ïðÿìîþ ä³ºþ íà êàíàëè
³ ÷àñòêîâî àêòèâàö³ºþ ðîç÷èííî¿ ãóàí³ëàò-
öèêëàçè ç ïîäàëüøèì çá³ëüøåííÿì âì³ñòó
öÃÌÔ [3, 4].

Ìåõàí³çì ä³¿ Í
2
Î

2
 íà ÃÌ ïå÷åðèñòèõ ò³ë

íå äîñë³äæóâàâñÿ. Ñòîñîâíî êðîâîíîñíèõ
ñóäèí º ïðèïóùåííÿ, ùî ð³çí³ âèäè ðåàêòèâ-
íèõ ôîðì êèñíþ, â òîìó ÷èñë³ ³ Í

2
Î

2
,

ìîæóòü âèêëèêàòè íåñò³éêå ñêîðî÷åííÿ ÃÌ
ñóäèí, àêòèâóþ÷è ðåöåïòîðè ÀÒÔ [5].

Òàêèì ÷èíîì, íà ï³äñòàâ³ îòðèìàíèõ
ðåçóëüòàò³â ìîæíà ââàæàòè, ùî çá³ëüøåííÿ
àìïë³òóäè òà òðèâàëîñò³ ñêîðî÷åííÿ ÃÌ
ïå÷åðèñòèõ ò³ë, ÿêå âèêëèêàíå Í

2
Î

2
 íà ôîí³

ä³¿ L-NAME ³ çìåíøåííÿ çíà÷åíü öèõ
ïîêàçíèê³â ïðè íàÿâíîñò³ í³òðîãë³öåðèíó, º
ñâ³ä÷åííÿì òîãî, ùî Í

2
Î

2
 âèêëèêàº ÿê NO-çà-

ëåæíå, òàê ³ NO-íåçàëåæíå ñêîðî÷åííÿ ÃÌ

ïå÷åðèñòèõ ò³ë. Ï³ä âïëèâîì NO, çíàõî-
äÿòüñÿ ³ ðåàêö³¿ ðîçñëàáëåííÿ ì�ÿçîâî¿
ñìóæêè, ÿê³ ñïîñòåð³ãàþòüñÿ ïðè ä³¿ Í

2
Î

2
.

A.V.Gurkovska, K.Yu.Sukhanova, V.A.Bouryi,
V.F.Sagach

ROLE  OF  NITRIC  OXIDE
IN  THE  CORPUS  CAVERNOSUM  REACTIONS
EVOKED  BY  HYDROGEN  PEROXIDE

Ñorpus cavernosum smooth muscle spends the majority of its
time in the contracted state consisting of tonic and tetanic
components. Tetanic component is a result of superposition
of phasic contrations ocuring spontaneously with a frequency
of 5 - 27 /minute. Hydrogen peroxide (H

2
O

2
) in concentration

of 10-3 mol/l causes a transient increase in tetanic contraction
lasting 5 to 8 minutes, followed by either recovery of sponta-
neous activity or inhibition of its frequency and muscle strip
relaxation. 30 minutes pretreatment with the specific blocker
of NO syntase, L-NAME, does not affect the intrinsic spon-
taneous activity parameters but enhances H

2
O

2
 evoked

reaction, increasing both the amplitude and duration of the
transient contraction by 41,2 ± 14,5 and 52,5 % ± 22,8 %
(n=9) correspondingly. By contrast, the exogenous NO do-
nors nitroglycerin and sodium nitroprusside, cause spontane-
ous activity inhibition and muscle strip relaxation resulting in
the decrease of Í

2
Î

2
 evoked contraction and duration by 8,7 ±

3,7 and 24,5 % ± 10,6 % (n=7) correspondingly. These results
suggest that tetanic contraction is an important component of
corpus cavernosum smooth muscle tone which is modulated
by free radical oxygen species and controlled by NO depen-
dent mechanism.
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