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Ðîëü îêñèäó àçîòó â ðåãóëÿö³¿ òðàíñïîðòó âîäè
òà åëåêòðîë³ò³â ÷åðåç åï³òåë³é òîâñòî¿ êèøêè â íîðì³
òà çà óìîâ âèðàçêîâîãî êîë³òó ó ùóð³â

Âèçíà÷àëè ó÷àñòü NO ó ðåãóëÿö³¿ ñóìàðíîãî áàçàëüíîãî òðàíñïîðòó âîäè òà åëåêòðîë³ò³â
÷åðåç åï³òåë³é òîâñòî¿ êèøêè â íîðì³ òà çà óìîâ åêñïåðèìåíòàëüíîãî âèðàçêîâîãî êîë³òó.
Òðàíñïîðò âîäè òà åëåêòðîë³ò³â äîñë³äæóâàëè ìåòîäîì ïåðôóç³¿ ³çîëüîâàíî¿ ä³ëÿíêè òîâñòî¿
êèøêè in vivo. Åêñïåðèìåíòàëüíèé êîë³ò ìîäåëþâàëè ðåêòàëüíèì ââåäåííÿì 1 ìë 4%-¿ îöòîâî¿
êèñëîòè. Ââåäåííÿ L-àðã³í³íó (500 ìã/êã, âíóòð³øíüîî÷åðåâèííî) íå âïëèâàëî íà ñóìàðíèé
òðàíñïîðò âîäè, Ê+ ³ Ñ²-, àëå ïðèãí³÷óâàëî âñìîêòóâàííÿ Na+ (Ð<0,05). Ââåäåííÿ L-NAME (10
ìã/êã, âíóòð³øíüîâåííî) íàâïàêè çá³ëüøóâàëî âñìîêòóâàííÿ Na+ (Ð<0,01), à òàêîæ çìåíøóâàëî
ñåêðåö³þ Ê+ (Ð<0,01). Ìè ñïîñòåð³ãàëè ñòàòèñòè÷íî â³ðîã³äíå çìåíøåííÿ âñìîêòóâàííÿ âîäè,
Na+ ³ ñåêðåö³¿ K+ íà 3-òþ äîáó ï³ñëÿ ââåäåííÿ îöòîâî¿ êèñëîòè. Íåçâàæàþ÷è íà â³äíîâëåííÿ
ìàêðîñêîï³÷íèõ ïîêàçíèê³â ñëèçîâî¿ îáîëîíêè òîâñòî¿ êèøêè íà 7-ìó äîáó, âñìîêòóâàííÿ Na+

íå ïîâåðòàëîñÿ äî êîíòðîëüíîãî ð³âíÿ, à ð³âåíü ñåêðåö³¿ K+ áóâ çíèæåíèé (Ð<0,01). Ââåäåííÿ L-
àðã³í³íó íå âïëèâàëî íà ñóìàðíèé òðàíñïîðò âîäè, Ê+ ³ Ñ²-, àëå ïðèãí³÷óâàëî âñìîêòóâàííÿ Na+

(Ð<0,05) íà 1-øó ³ 3-òþ äîáó ï³ñëÿ ââåäåííÿ îöòîâî¿ êècëîòè. L-NAME çá³ëüøóâàâ âñìîêòóâàííÿ
Na+ (Ð<0,01) ÷åðåç 1 äîáó ³ áóâ íååôåêòèâíèì íà 3-òþ. Òàêèì ÷èíîì, çà óìîâ in vivo NO ñïðàâëÿº
ïðîñåêðåòîðíèé âïëèâ íà òðàíñïîðòíó ôóíêö³þ åï³òåë³þ òîâñòî¿ êèøêè ðåãóëÿö³ºþ
òðàíñïîðòó Na+ ³ K+.
Êëþ÷îâ³ ñëîâà: îêñèä àçîòó, òðàíñïîðò ³îí³â, òðàíñïîðò âîäè, òîâñòà êèøêè, âèðàçêîâèé
êîë³ò.
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ÂÑÒÓÏ

Òðàíñïîðò âîäè òà åëåêòðîë³ò³â º îäí³ºþ ç
îñíîâíèõ ôóíêö³é òîâñòî¿ êèøêè. Ïîðó-
øåííÿ öèõ ïðîöåñ³â ëåæèòü â îñíîâ³ âèíèê-
íåííÿ ä³àðå¿ ÷è çàïîð³â, ùî º ñóïóòíüîþ
ïàòîëîã³ºþ ö³ëî¿ íèçêè õâîðîá, ó òîìó ÷èñë³
âèðàçêîâîãî êîë³òó. Åêñïðåñ³ÿ ôåðìåíòó
NO-ñèíòàçè (NOS) íåéðîíàìè åíòåðàëüíî¿
íåðâîâî¿ ñèñòåìè [6], åíäîòåë³àëüíèìè
êë³òèíàìè [27]  òà  åíòåðîöèòàìè [14]
òîâñòî¿ êèøêè, à òàêîæ âëàñòèâ³ñòü ðåçè-
äåíòíî¿ ì³êðîôëîðè âèä³ëÿòè îêñèä àçîòó
(NO) ó ïðîñâ³ò êèøêè [24] ïðèâåðíóëî óâàãó
äîñë³äíèê³â äî ðåòåëüíîãî âèâ÷åííÿ ðîë³
ñèñòåìè NO�NOS ó ðåãóëÿö³¿  ôóíêö³é
òîâñòî¿ êèøêè. Ïîêàçàíî, ùî îêñèä àçîòó

ìîæå â³ä³ãðàâàòè ÿê ïðîñåêðåòîðíó [8, 21,
26], òàê ³ ïðîàáñîðáòèâíó ðîëü [9, 15, 21].
Âàæëèâî çàóâàæèòè, ùî äîñë³äæåííÿ in vivo
îáìåæóºòüñÿ  ºäèíîþ ðîáîòîþ â  ÿê ³é
âèì³ðþâàëè ëèøå òðàíñïîðò âîäè [7]. ²íø³
äîñë³äæåííÿ áóëè ïðîâåäåí³ in vitro, êîòð³
â³äîáðàæàëè ëèøå åëåêòðîô³ç³îëîã³÷í³
çàïèñè ñòðóìó êîðîòêîãî çàìèêàííÿ òà
òðàíñìóðàëüíî¿ ð³çíèö³ ïîòåíö³àë³â áåç
âèçíà÷åííÿ ð³âíÿ ñóìàðíîãî òðàíñïîðòó
³îí³â òà âîäè, ÿêèé º íàéâàãîì³øèì ô³ç³îëî-
ã³÷íèì ïîêàçíèêîì [8, 9, 21, 26]. Ï³äâèùåíèé
ð³âåíü  àêòèâíîñò ³  NOS,  âì³ñò  NO òà
ïðîäóêò³â éîãî îêèñíåííÿ âèçíà÷àºòüñÿ â
êðîâ³ òà ñëèçîâ³é îáîëîíö³ òîâñòî¿ êèøêè
(ÑÎÒÊ) ó õâîðèõ ç  àêòèâíîþ ôîðìîþ
âèðàçêîâîãî êîë³òó [13, 23] òà íà åêñïåðè-
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ìåíòàëüíèõ ìîäåëÿõ çàïàëüíèõ çàõâîðþ-
âàíü êèøå÷íèêà [9 ,  20] .  Á³ëüøå òîãî,
ìóòàö³ÿ â ãåí³ ³íäóöèáåëüíî¿ NOS (NOS2A)
ñïðèÿëà ðîçâèòêó çàïàëüíèõ çàõâîðþâàíü
êèøå÷íèêà [16].

Ìåòîþ íàøî¿ ðîáîòè áóëî âèçíà÷èòè
ó÷àñòü NO ó ðåãóëÿö³¿ ð³âíÿ ñóìàðíîãî
áàçàëüíîãî òðàíñïîðòó âîäè òà åëåêòðî-
ë³ò³â ÷åðåç åï³òåë³é òîâñòî¿ êèøêè â íîðì³
òà çà óìîâ åêñïåðèìåíòàëüíîãî âèðàçêî-
âîãî êîë³òó.

ÌÅÒÎÄÈÊÀ

Äîñë³äæåííÿ ïðîâåäåí³ íà á³ëèõ ùóðàõ-
ñàìöÿõ ë³í³¿ Â³ñòàð (n=50) ìàñîþ 180�300 ã.
Ïðè ðîáîò³ ç òâàðèíàìè êåðóâàëèñÿ åòè÷íè-
ìè ïðèíöèïàìè,  óõâàëåíèìè Ïåðøèì
íàö³îíàëüíèì êîíãðåñîì Óêðà¿íè ç á³îåòè-
êè, ì³æíàðîäíèìè óãîäàì òà íàö³îíàëüíèì
çàêîíîäàâñòâîì ó ö³é ãàëóç³ [1]. Ùóð³â
íàðêîòèçóâàëè óðåòàíîì (1,1 ã/êã, âíóòð³ø-
íüîî÷åðåâèííî; �Sigma Chemical Co.�,
ÑØÀ).

Ìåòîä ïåðôóç³¿ ³çîëüîâàíî¿ ä³ëÿíêè
òîâñòî¿ êèøêè. Ï³ñëÿ âèêîíàííÿ ëàïàðî-
òîì³¿, òîâñòó êèøêó áðàëè íà ë³ãàòóðè òà
ââîäèëè ï³äâ³äíèé (1 ñì â³ä ñë³ïî¿ êèøêè)
òà âèâ³äíèé (íà ìåæ³ îáîäîâî¿ òà ïðÿìî¿
êèøêè) êàòåòåðè, ï³ñëÿ ÷îãî çàêðèâàëè
÷åðåâíó ïîðîæíèíó [29] .  ²çîëüîâàíèé
ôðàãìåíò òîâñòî¿ êèøêè, çà óìîâ in vivo,
ïåðôóçóâàëè ðîç÷èíîì Êðåáñà�Õåíñåëàéòà
(37°Ñ; ðÍ 7,3�7,4), ç äîäàâàííÿì ôåíîëî-
âîãî ÷åðâîíîãî (20ìã/ë). Ñêëàä ðîç÷èíó áóâ
òàêèì (ììîëü/ë): NaCl � 117, KCl � 5,9,
NaHCO

3
 � 24,8, NaH

2
PO

4
 � 1,2, MgCl

2
 � 1,2,

CaCl
2
 �  2 ,5 ,  ãëþêîçà  �  5 ,5 .  Ïåðôó ç àò

ïîäàâàëè ç³ øâèäê³ñòþ 0,18�0,2 ìë/õâ çà
äîïîìîãîþ ïåðèñòàëüòè÷íîãî íàñîñó (ÌÍÏ
1ÄÓ). Åêñïåðèìåíò ïî÷èíàëè ÷åðåç 60 õâ
ï³ñëÿ ïî÷àòêó ïåðôóç³¿ (åêâ³ë³áðàö³éíèé
ïåð³îä). Ðîç÷èí, ÿêèé â³äò³êàâ, çáèðàëè
êîæí³  20  õâ  ïðîòÿãîì 180  õâ .  Ð ³âåíü
âñìîêòóâàííÿ âîäè âèçíà÷àëè ôîòîêîëîðè-
ìåòðè÷íèì àíàë³çîì, ç óðàõóâàííÿì ïîïðàâ-

êè íà íåñïåöèô³÷íó àáñîðáö³þ [25]. Êîí-
öåíòðàö³þ Cl- âèì³ðþâàëè çà äîïîìîãîþ
õëîð-ñåëåêòèâíîãî åëåêòðîäó (³îíîì³ð ªÂ-
74), Na+ òà K+ � ïîëóì�ÿíî-ôîòîìåòðè÷íîãî
àíàë³çàòîðà ð³äèí (ÏÀÆ-2). Ð³âåíü ñóìàð-
íîãî òðàíñïîðòó âîäè (ó ì³êðîë³òðàõ çà
õâèëèíó íà 1 ã ìàñè) òà åëåêòðîë³ò³â (ó
ì³êðîìîëÿõ çà õâèëèíó íà 1 ã ñóõî¿ ìàñè
êèøêè) ðîçðàõîâóâàëè çà ìåòîäîì, îïèñà-
íèì Sladen ³  ñï³âàâò.  [28] .  Ïîçèòèâíå
çíà÷åííÿ öèõ ïîêàçíèê³â  â ³äîáðàæàëî
ïðîöåñ âñìîêòóâàííÿ, íåãàòèâíå � ñåêðåö³¿.
Ï³ñëÿ çàâåðøåííÿ åêñïåðèìåíòó ñåãìåíò
òîâñòî¿ êèøêè, ùî ïåðôóçóâàâñÿ, âèäàëÿëè,
ðîçð³çàëè â  ïîâçäîâæíüîìó íàïðÿìêó,
ïðîìèâàëè â ô³ç³îëîã³÷íîìó ðîç÷èí³ òà
ñóøèëè â òåðìîñòàò³ ïðè 60°Ñ ïðîòÿãîì 20
ãîä ,  à  ïîò ³ì  çâàæóâàëè  (ñóõà  ìàñà  â
ãðàìàõ) äëÿ ðîçðàõóíêó ñóìàðíèõ ïîòîê³â
âîäè òà åëåêòðîë³ò³â. Ó ùóð³â ç îöòîâîêèñ-
ëèì êîë³òîì ïåðåä âèñóøóâàííÿì êèøêè
îö³íþâàëè ìàêðîñêîï³÷í³ çì³íè ¿¿ ñò³íêè.

Ñóáñòðàò ñèíòåçó NO L-àðã³í³í (500 ìã/
êã, âíóòð³øíüîî÷åðåâåííî; «Àëüôàðóñ»,
Êè¿â) òà ³íã³á³òîð NOS NG-í³òðî- L-àðã³í³í
ìåòèëåñòåð (L-NAME, 10 ìã/êã, âíóòð³ø-
íüîâåííî; «Sigma Chemical Co.», ÑØÀ)
ââîäèëè ùóðàì ÷åðåç 60 õâ ï³ñëÿ ïî÷àòêó
åêñïåðèìåíòó.

Îöòîâîêèñëèé âèðàçêîâèé êîë³ò. Âèðàç-
êîâèé êîë³ò âèêëèêàëè ðåêòàëüíèì ââåäåí-
íÿì 1 ìë 4%-¿ îöòîâî¿ êèñëîòè ðîçâåäåíî¿
â 0,9%-ìó ðîç÷èí³ NaCl (7 ñì â³ä àíàëüíîãî
îòâîðó). Êîíòðîëüí³é ãðóï³ òâàðèí ââîäèëè
1 ìë 0,9%-ãî ðîç÷èíó NaCl. Ùóð³â áðàëè â
åêñïåðèìåíò ÷åðåç 1,  3 òà 7 ä³á ï³ñëÿ
ââåäåííÿ îöòîâî¿ êèñëîòè. Êë³í³÷í³ ïðîÿâè
êîë³òó ó âèãëÿä³ çì³í ìàñè ò³ëà, ìëÿâîñò³
(0�3 áàëè: 0 � íîðìà, 1 � íåçíà÷íî ï³äíÿòà
øåðñòü, 2 � òâàðèíà áðóäíà, çìåíøåííÿ
ñïîíòàííèõ ðóõ³â, 3 � òâàðèíà ìàéæå íå
ðóõàºòüñÿ, íå ðåàãóº íà ³íøèõ ùóð³â), ä³àðå¿
(0�3 áàëè: 0 � íîðìà; 1 � ì�ÿêå ÷è âîäÿíèñ-
òå âèïîðîæíåííÿ, âîëîãà ïëÿìà íàâêîëî
àíóñà äî 1 ñì2; 2 � âîëîãà ïëÿìà íàâêîëî
àíóñà ïîíàä 1 ñì2, çàõîïëþº íèæíþ ÷àñòèíó

Ðîëü îêñèäó àçîòó â ðåãóëÿö³¿ òðàíñïîðòó âîäè
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æèâîòà; 3 � ïëÿìà äîõîäèòü äî ãðóäåé)
îö³íþâàëè ùîäåííî. Ìàêðîñêîï³÷í³ çì³íè
ñò³íêè òîâñòî¿ êèøêè âèçíà÷àëè çà 10-áàëü-
íîþ øêàëîþ (0 � íîðìà;  1 � íåçíà÷í³
êðîâîâèëèâè/ã ³ïåðâàñêóëÿðèçàö³ÿ;  2  �
ñåðåäí³ êðîâîâèëèâè/ã³ïåðâàñêóëÿðèçàö³ÿ;
3 � îäíà âèðàçêà ìåíøå í³æ 1 ñì; 4 � äâ³ ÷è
á³ëüøå âèðàçîê ìåíøå í³æ 1 ñì; 5 � âèðàçêà
ðîçì³ðîì 2 ñì; 6 � âèðàçêà ðîçì³ðîì 3 ñì;
7 � âèðàçêà ðîçì³ðîì 4 ñì; 8 � âèðàçêà
ðîçì³ðîì 5 ñì; 9 � âèðàçêà ðîçì³ðîì 6 ñì;
10 � âèðàçêà ðîçì³ðîì ïîíàä 6 ñì) [17].

Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â ïðî-
âîäèëè ç âèêîðèñòàííÿì ïðîãðàìè Statistica
6.0. Äëÿ êîæíî¿ ç âèá³ðîê ïåðåâ³ðÿëè ÷è º
íîðìàëüíèì ðîçïîä³ë  äîñë³äæóâàíîãî
ïîêàçíèêà, çàñòîñîâóþ÷è êðèòåð³é Øàï³ðî�
Â³ëêà. Äëÿ ïîð³âíÿííÿ âèá³ðîê ðåçóëüòàò³â
ñóìàðíèõ ïîòîê³â âîäè òà åëåêòðîë³ò³â
âèêîðèñòîâóâàëè íåïàðàìåòðè÷íèé ìåòîä �
ðàíãîâèé êðèòåð³é ãðóï U-òåñò Ìàííà-

Ó³òí³.  Çà óìîâ íîðìàëüíîãî ðîçïîä³ëó
âèêîðèñòîâóâàëè êðèòåð³é t Ñòüþäåíòà.
Ðåçóëüòàòè ïðåäñòàâëåí³ ó âèãëÿä³ Ì+sD,
n � ê³ëüê³ñòü òâàðèí ó ãðóï³. Ñòàòèñòè÷íî
çíà÷óùîþ äëÿ âñ³õ ïîêàçíèê³â ââàæàëè
ð³çíèöþ Ð<0,05.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Âïëèâ L-àðã³í³íó òà L-NAME íà áàçàëüíèé
òðàíñïîðò âîäè, Na+, K+ òà Cl- ÷åðåç åï³òåë³é
òîâñòî¿ êèøêè çà íîðìàëüíèõ óìîâ. Ó
ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ïîêàçà-
íî, ùî âíóòð³øíüîî÷åðåâèííå ââåäåííÿ L-
àðã³í³íó íå âïëèâàëî íà ñóìàðíèé òðàíñïîðò
âîäè, ³îí³â Ê òà Ñ². Àëå ñïðàâëÿëî íåçíà÷íå,
ñòàòèñòè÷íî â³ðîã³äíå (Ð<0,05) ïðèãí³÷åííÿ
âñìîêòóâàííÿ ³îí³â Na, ùî ñïîñòåð³ãàëîñÿ
÷åðåç 20 õâ ï³ñëÿ ââåäåííÿ L-àðã³í³íó òà
òðèâàëî äî ê³íöÿ äîñë³äó (100 õâ; ðèñ.1,à).
Âïëèâ L-NAME áóâ ïðîòèëåæíèì. Ïðè éîãî

Ðèñ. 1. Âïëèâ L-àðã³í³íó (à, â) òà L-NAME (á, ã) íà áàçàëüíèé òðàíñïîðò ³îí³â Na+ (à, á) òà K+ (â, ã) ÷åðåç åï³òåë³é
òîâñòî¿ êèøêè çà íîðìàëüíèõ óìîâ: 1 � êîíòðîëü, 2 � äîñë³ä. * Ð<0,05; **Ð<0,01 â³äíîñíî êîíòðîëþ.
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ââåäåíí³ âñìîêòóâàííÿ Na+ çá³ëüøóâàëîñü,
åôåêò íàñòàâ øâèäøå ïîð³âíÿíî ç ä³ºþ L-
àðã³í³íó. Âæå ó ïåðø³é ïðîá³ ï³ñëÿ ââåäåííÿ
L-NAME â³äçíà÷åíî ï³äâèùåííÿ âñìîêòó-
âàííÿ ³îí³â Na ïðèáëèçíî íà 50 % (Ð<0,01).
Öåé åôåêò ïðîäîâæóâàâñÿ äî ê³íöÿ äîñë³äó
(äèâ. ðèñ.1,á). Ââåäåííÿ L-NAME âèêëè-
êàëî íåçíà÷íå çìåíøåííÿ ñåêðåö³¿ ³îí³â Ê
(äèâ. ðèñ.1,ã) ç âèðàæåíèì åôåêòîì ÷åðåç
20 õâ (Ð<0,01), ùî òðèâàëî âïðîäîâæ 40 õâ
L-NAME àíàëîã³÷íî äî L-àðã ³í³íó íå
âèêëèêàâ çì³í ó òðàíñïîðò³ âîäè òà ³îí³â Ñ².

Îòæå, NO ñïðàâëÿº ìîäóëþâàëüíèé
âïëèâ íà ñóìàðíèé òðàíñïîðò Na+ òà Ê+

÷åðåç åï³òåë³é òîâñòî¿ êèøêè. Îòðèìàí³
íàìè ðåçóëüòàòè äîïîâíþþòü äàí³, îäåðæà-
í³ ³íøèìè äîñë³äíèêàìè, ùîäî ðîë³ êîíñòè-
òóòèâíèõ ôîðì NOS ó ðåãóëÿö³¿ òðàíñïîðòó
âîäè òà åëåêòðîë³ò³â. Òàê, Eutamene òà
ñï³âàâò. [7] â äîñë³äàõ in vivo íà ³çîëüîâàí³é
ä³ëÿíö³ òîâñòî¿ êèøêè ùóð³â, âèì³ðþþ÷è
ñóìàðíèé ïîò³ê âîäè, ïîêàçàëè â³äñóòí³ñòü
áóäü-ÿêîãî åôåêòó íà òë³ ä³¿³ L-àðã³í³íó òà
L-NAME, ùî çá³ãàºòüñÿ ç íàøèìè ðåçóëü-
òàòàìè. Àäæå, Aizman òà ñï³âàâò. [2] â
åêñïåðèìåíòàõ íà ³çîëüîâàíîìó ñåãìåíò³
äèñòàëüíîãî â³ää³ëó îáîäîâî¿ êèøêè ùóð³â
âñòàíîâèëè, ùî NO áåðå ó÷àñòü ó ïðèãí³-
÷åíí³ ñóìàðíîãî òðàíñïîðòó ³îí³â Ê. L-àð-
ã³í³í ïðîÿâëÿâ åôåêò çà óìîâ éîãî ä³¿ ç
ïîâåðõí³ ñëèçîâî¿  îáîëîíêè òà áóâ íå
åôåêòèâíèì � ç áîêó ñåðîçíî¿. Ââåäåííÿ L-
NAME áëîêóâàëî åôåêò âïëèâó L-àðã³í³íó.
Âîäíî÷àñ åôåêòèâí³ñòü ñèíòåòè÷íèõ äîíî-
ð³â NO � í³òðîïðóñèäó íàòð³þ òà S-í³òðîçî-
N-àöåòèë-ïåí³öèëàì³íó íå çàëåæàëî â³ä
øëÿõó ¿õ ââåäåííÿ.

Îòðèìàíèé ó íàøèõ äîñë³äæåííÿõ á³ëüø
âèðàæåíèé åôåêò íà òðàíñïîðò ³îí³â Na, äàº
ï³äñòàâè ïðèïóñòèòè ó÷àñòü NO â ðåãóëÿö³¿
àêòèâíîñò³ àì³ëîðèä÷óòëèâèõ íàòð³ºâèõ
êàíàë³â (ENaC). Öå ï³äòâåðäæóþòü äàí³,
îòðèìàí³ òàêîæ in vivo, ùîäî çìåíøåííÿ
àêòèâíîãî òðàíñïîðòó Na+ â åï³òåë³¿ íèðîê
ï³ä âïëèâîì NO [18]. In vitro åêñïåðèìåíòè
ç âèêîðèñòàííÿì ìåòîäó ëîêàëüíî¿ ô³êñàö³¿
ïîòåíö³àëó ïîêàçàëè,  ùî îêñèä àçîòó

ïðèãí³÷óº àëüâåîëÿðíèé òðàñïîðò Na+ ÷åðåç
öÃÌÔ-çàëåæíèé ìåõàí³çì [12]. Ïðîòèëåæí³
äàí³ áóëè îòðèìàí³ Guo òà ñï³âàâò. [10], ÿê³
ïîêàçàëè, ùî NO-âèêëèêàíå çìåíøåííÿ
àì³ëîðèä÷óòëèâîãî òðàñïîðòó Na+ â àëü-
âåîëàõ íå ïîâ�ÿçàíî ç ï³äâèùåííÿì âíóò-
ð³øíüîêë³òèííîãî âì³ñò öÃÌÔ. DuVall òà
ñï³âàâò. [5] ïðèïóñòèëè, ùî ïðÿìå í³òðî-
çèíóâàííÿ êëþ÷îâèõ òèðîçèíîâèõ çàëèøê³â
íà çîâí³øí³é ÷àñòèí³ òðàíñìåìáðàííîãî
äîìåíó ñóáîäèíèöü ENaC (Y134 òà Y137;
Y482, Y484, òà Y485 â YTM2) ìîæëèâî
ïðèçâîäèòü äî çì³í â àêòèâíîñò³ ÅNaC.

Ó íàøèõ äîñë³äæåííÿõ í³ L-àðã³í³í, í³
L-NAME íå âïëèâàëè íà áàçàëüíèé ñóìàð-
íèé òðàíñïîðò ³îí³â Ñ². Ó çâ�ÿçêó ç òèì, ùî
âèì³ðþâàâñÿ ñóìàðíèé íåíàïðàâëåíèé
òðàíñïîðò ³îí³â,  ùî º ñêëàäîâîþ äâîõ
ð³çíîíàïðàâëåíèõ ïîòîê³â ³îí³â (âñìîêòó-
âàííÿ ³ ñåêðåö³¿), ìè íå ìîæåìî êàòåãî-
ðè÷íî çàïåðå÷óâàòè ðîëü NO â ðåãóëÿö³¿
òðàíñïîðòó ³îí³â õëîðó. Àäæå â åêñïåðè-
ìåíòàõ ³n vitro áóëî ïîêàçàíî, ùî NO ìîæå
ÿê ñòèìóëþâàòè [30], òàê ³ ïðèãí³÷óâàòè
[22] ñåêðåö³þ ³îí³â Ñ².

Âïëèâ L-àðã³í³íó òà L-NAME íà òðàíñ-
ïîðò âîäè, ³îí³â Na, K òà Cl ÷åðåç åï³òåë³é
òîâñòî¿ êèøêè çà óìîâ îöòîâîêèñëîãî
âèðàçêîâîãî êîë³òó. Ðåêòàëüíå ââåäåííÿ
4%-¿ îöòîâî¿ êèñëîòè âèêëèêàëî ïîñòóïîâèé
ðîçâèòîê êë³í³÷íèõ (ìàñà ò³ëà, ìëÿâ³ñòü,
ä³àðåÿ) òà ìîðôîëîã³÷íèõ îçíàê åêñïåðè-
ìåíòàëüíîãî âèðàçêîâîãî êîë³òó ì³æ 1-þ òà
3-þ äîáîþ. Íà 7-ìó äîáó ñïîñòåð³ãàëîñÿ
ìàéæå ïîâíå â³äíîâëåííÿ ÿê êë³í³÷íèõ, òàê
³ ìîðôîëîã³÷íèõ ïîêàçíèê³â. Òàê, íà 1-øó
äîáó çà 10-áàëüíîþ øêàëîþ ìàêðîñêîï³÷í³
óøêîäæåííÿ â ñò³íö³ òîâñòî¿ êèøêè ñòàíî-
âèëè 1,72 áàëà + 0,75 áàëà. Íà 3-òþ äîáó
70 % òâàðèí ìàëè âèðàçêè, à ñåðåäí³é áàë
ìàêðîñêîï³÷íèõ çì³í ó êèøö³ çá³ëüøèâñÿ äî
3,1 áàëà + 1,48 áàëà (P<0,001 ùîäî 1-¿ äîáè).
Íà 7-ìó äîáó 90 % òâàðèí ïî÷àëè íàáèðàòè
ìàñó, àóòîïñ³ÿ ïîêàçàëà ìàêðîñêîï³÷íå
â³äíîâëåííÿ ñëèçîâî¿ îáîëîíêè ó 70 %
òâàðèí (ðèñ.2).

Âèÿâëåíî ïðÿìèé çâ�ÿçîê ì³æ çì³íàìè

Ðîëü îêñèäó àçîòó â ðåãóëÿö³¿ òðàíñïîðòó âîäè
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â òðàíñïîðò³ âîäè òà åëåêòðîë³ò³â ÷åðåç
åï³òåë³é òîâñòî¿ êèøêè â ð³çíèé òåðì³í ï³ñëÿ
ðåêòàëüíîãî ââåäåííÿ îöòîâî¿ êèñëîòè òà
çàãîñòðåííÿì ïåðåá³ãó åêñïåðèìåíòàëü-
íîãî âèðàçêîâîãî êîë³òó. Òàê, àáñîðáö³ÿ
âîäè, ÷åðåç äîáó ï³ñëÿ ââåäåííÿ îöòîâî¿
êèñëîòè áóëà çìåíøåíà íà 37 %, àëå íå
ñÿãàëà ñòàòèñòè÷íî çíà÷óùî¿ ð³çíèö³. Íà 3-
òþ äîáó â³äçíà÷åíà ðåâåðñ³ÿ àáñîðáö³¿ âîäè
íà ñåêðåö³þ (P<0,001 â³äíîñíî êîíòðîëþ).
Íà 7-ìó äîáó ïîêàçíèêè àáñîðáö³¿ âîäè
â³äíîâëþâàëèñÿ. Ñóìàðíà àáñîðáö³ÿ ³îí³â
Na òà ñåêðåö³ÿ ³îí³â K áóëà çìåíøåíà ÷åðåç
3 äîáè ï³ñëÿ ââåäåííÿ îöòîâî¿ êèñëîòè íà
73 òà 78 % (P<0,001) â³äïîâ³äíî (ðèñ.3).
Íåçâàæàþ÷è íà â³äíîâëåííÿ ð³âíÿ âñìîêòó-
âàííÿ âîäè íà 7-ìó äîáó, âñìîêòóâàííÿ ³îí³â
Na íå ïîâåðòàëîñÿ äî êîíòðîëüíèõ çíà÷åíü,
à ð³âåíü ñåêðåö³¿ K+ áóâ çíèæåíèé (P<0,001).
Àíàëîã³÷í³ äàí³ áóëî îòðèìàíî íà ìîäåë³

òðè-í³òðî-áåíçîñóëüôîí³ºì(ÒÍÁÑ)-âèêëè-
êàíîãî âèðàçêîâîãî êîë³òó in vitro [4]. Ó öèõ
äîñë³äàõ ïîêàçàíî ïîðóøåííÿ òðàíñïîðòó
åëåêòðîë³ò³â íà ðàíí³õ ñòàä³ÿõ ðîçâèòêó
êîë³òó, ùî â³äíîâëþâàëîñÿ çíà÷íî ðàí³øå,
í³æ ñòðóêòóðí³ çì³íè ó ÑÎÒÊ. Áóëî êîíñòà-
òîâàíî, ùî ïîðóøåííÿ òðàíñïîðòíî¿ ôóíêö³¿
åï³òåë³þ íà ðàíí³õ ñòàä³ÿõ ðîçâèòêó âèðàç-
êîâîãî êîë³òó ïîâ�ÿçàíî ç ïîøêîäæåííÿìè
ñòðóêòóðè òà ôóíêö³é åï³òåë³îöèò³â, â òîé
÷àñ ÿê âèíèêíåííÿ ä³àðå¿ íà á³ëüø ï³çí³õ
ñòàä³ÿõ ðîçâèòêó êîë³òó ìîæå áóòè ïîÿñíåíå
ïîðóøåííÿì ìîòîðíî¿ ôóíêö³¿ òà çì³íîþ
àêòèâíîñò³ íåéðîí³â ì³åíòåðàëüíîãî ñïëå-
òåííÿ òîâñòî¿ êèøêè àáî æ çì³íàìè òðàíñ-
ïîðòó ð³äèíè ó âåðõí³õ â³ää³ëàõ êèøêè.
Ö³êàâî, ùî ÿê ³ â íàøèõ äîñë³äàõ, òðàíñïîðò
³îí³â Cl áóâ íàéìåíø ÷óòëèâèì äî ÒÍÁÑ-
âèêëèêàíîãî óðàæåííÿ â òîâñò³é êèøö³.
Á³ëüøå òîãî, ñòàòèñòè÷íî çíà÷óùå çíèæåí-

Ðèñ. 2. Çì³íè êë³í³÷íèõ (ìàñà ò³ëà � à, ìëÿâ³ñòü � á, ä³àðåÿ � â) òà ìîðôîëîã³÷íèõ (óðàæåííÿ òîâñòî¿ êèøêè � ã) îçíàê
ðîçâèòêó îöòîâîêèñëîãî âèðàçêîâîãî êîë³òó ó ùóð³â. * Ð<0,05; **Ð<0,01 â³äíîñíî êîíòðîëþ; # Ð<0,05; ## Ð<0,01
â³äíîñíî 1-¿ äîáè

Ò.Ì. Ñàâêà, Ã.Ì. Òîëñòàíîâà, ß.Ì. Ñàâèöüêèé, Â.É. Ê³ìàêîâè÷
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íÿ âñìîêòóâàííÿ ³îí³â Na òà íåçì³íåíå
âñìîêòóâàííÿ Cl- áóëî çàô³êñîâàíå â ÑÎÒÊ
ëþäåé ³ç  çàïàëüíèìè çàõâîðþâàííÿìè
êèøå÷íèêà. Àâòîðè, ââàæàëè, ùî ìîæëèâî
ïîðóøåííÿ ëèøå àáñîðáö³¿  ³îí³â  Na º
äîñòàòí³ì äëÿ ðîçâèòêó ä³àðå¿ â ïàòîãåíåç³
ö³º¿ õâîðîáè [11]. Ñë³ä â³äçíà÷èòè, ùî ó öèõ
äâîõ äîñë³äæåííÿõ [4, 11] íå âèì³ðþâàëèñÿ
çì³íè òðàíñïîðòó ³îí³â K.

Ââåäåííÿ L-àðã³í³íó ùóðàì ÷åðåç 1 äîáó
ï³ñëÿ ìîäåëþâàííÿ îöòîâîêèñëîãî êîë³òó
ïðèçâîäèëî äî ðåâåðñ³¿ àáñîðáö³¿ ³îí³â Na
íà ñåêðåö³þ âïðîäîâæ 40 õâ (P<0,05), àëå
íå çì³íþâàëî ñóìàðíîãî òðàíñïîðòó âîäè,
K+ òà Cl- (ðèñ. 4,à). Àíàëîã³÷íèé, àëå ìåíø
âèðàæåíèé åôåêò áóâ îòðèìàíèé íà 3-òþ
äîáó ï³ñëÿ ðåêòàëüíîãî ââåäåííÿ îöòîâî¿
êèñëîòè (äèâ. ðèñ.4,á).

Ö³êàâèì º òå,  ùî ³í�ºêö³ÿ L-NAME
ùóðàì ÷åðåç äîáó ï³ñëÿ ââåäåííÿ îöòîâî¿
êèñëîòè, âèêëèêàëà ëèøå íåçíà÷íèé êîðîòêî-

òðèâàëèé (20 õâ) çñóâ êðèâî¿ ðóõó ïîòîêó
äëÿ ³îí³â Na ó á³ê çá³ëüøåííÿ âñìîêòóâàííÿ
(P<0,05; äèâ. ðèñ.4, â), òà íå âïëèâàëî íà
òðàíñïîðò âîäè, ³îí³â Ñ² òà Ê. Öåé åôåêò
áóâ â³äñóòí³é ó ùóð³â íà 3-òþ äîáó ï³ñëÿ
ìîäåëþâàííÿ îöòîâîêèñëîãî êîë³òó (äèâ.
ðèñ. 4,ã), òîä³ ÿê ìîðôîëîã³÷í³ ïîêàçíèêè
áóëè íàéá³ëüø âèðàæåíèìè. Âèðàçêîâèé
êîë³ò ñóïðîâîäæóºòüñÿ çíà÷íîþ ³íô³ëüòðà-
ö³ºþ ó ÑÎÒÊ ëåéêîöèò³â, àêòèâí³ñòü ³íäóöè-
áåëüíî¿  NOS ÿêèõ  º  çíà÷íîþ [3] .  Öå
ïðèçâîäèòü äî ï³äâèùåííÿ ó 10 ðàç³â âì³ñòó
NO á³ëüøå, í³æ ïðè àêòèâàö³¿ êîíñòèòó-
òèâíèõ ôîðì NOS.  Ìîæëèâî  çà  óìîâ
çàïàëåííÿ, êîëè ð³âåíü àêòèâíîñò³ ³íäóöè-
áåëüíî¿ NOS çíà÷íî âèùèé, í³æ çà óìîâ
íîðìè,  åôåêòèâíà  äîçà  L-NAME äëÿ
íîðìàëüíî¿ êèøêè áóëà íåçíà÷íîþ äëÿ
ïðèãí³÷åííÿ àêòèâíîñò³ NOS ïðè åêñïåðè-
ìåíòàëüíîìó êîë³ò³.

Òàêèì ÷èíîì, çà óìîâ åêñïåðèìåí-

Ðèñ. 3. Äîñë³äæåííÿ òðàíñïîðòó âîäè (à) òà åëåêòðîë³ò³â (Na+ � á, K+ � â òà C²- � ã) ÷åðåç åï³òåë³é òîâñòî¿ êèøêè
ùóð³â ó ð³çíèé òåðì³í ï³ñëÿ ðåêòàëüíîãî ââåäåííÿ îöòîâî¿ êèñëîòè. *** Ð<0,001 â³äíîñíî êîíòðîëþ

Ðîëü îêñèäó àçîòó â ðåãóëÿö³¿ òðàíñïîðòó âîäè
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òàëüíîãî âèðàçêîâîãî êîë³òó ðåãóëÿö³ÿ
âì³ñòó NO ïðèçâîäèëà äî çì³í â òðàíñïîðò³
ëèøå ³îí³â Na, â òîé ÷àñ ÿê çà íîðìàëüíèõ
óìîâ áóëè â³äçíà÷åí³ çì³íè â òðàíñïîðò³
³îí³â êàë³þ. Îòæå, ìè ïðèïóñòèëè, ùî NO
ðåãóëþº àêòèâíèé òðàíñïîðò Na + ÷åðåç
ENaC ³ íå âïëèâàº íà ïàñèâíèé òðàíñïîðò
åëåêòðîë³ò³â ïðè âèðàçêîâîìó êîë³ò³.

ÂÈÑÍÎÂÊÈ

1.Çà íîðìàëüíèõ óìîâ NO ñïðàâëÿº ìîäó-
ëþâàëüíó ä³þ íà áàçàëüíèé ñóìàðíèé
òðàíñïîðò ÷åðåç åï³òåë³é òîâñòî¿ êèøêè:
ïðèãí³÷óº âñìîêòóâàííÿ ³îí³â Na òà ñåêðå-
ö³þ ³îí³â Ê, ³ íå âïëèâàº íà òðàíñïîðò âîäè
òà Ñ²-.

2.  Âñòàíîâëåíî ïðÿìèé çâ�ÿçîê ì³æ
çì³íàìè â òðàíñïîðò³ âîäè òà åëåêòðîë³ò³â,
à òàêîæ çàãîñòðåííÿì ïåðåá³ãó îöòîâîêèñ-

ëîãî åêñïåðèìåíòàëüíîãî êîë³òó.
3. Çà óìîâ åêñïåðèìåíòàëüíîãî âèðàç-

êîâîãî êîë³òó NO ÷èíèòü íåçíà÷íèé ïðîñåê-
ðåòîðíèé âïëèâ íà òðàíñïîðò ³îí³â Na ÷åðåç
åï³òåë³é òîâñòî¿ êèøêè.
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ÐÎËÜ ÎÊÑÈÄÀ ÀÇÎÒÀ Â ÐÅÃÓËßÖÈÈ
ÒÐÀÍÑÏÎÐÒÀ ÂÎÄÛ È ÝËÅÊÒÐÎËÈÒÎÂ
×ÅÐÅÇ ÝÏÈÒÅËÈÉ ÒÎËÑÒÎÉ ÊÈØÊÈ Â
ÍÎÐÌÅ È Â ÓÑËÎÂÈßÕ ßÇÂÅÍÍÎÃÎ
ÊÎËÈÒÀ Ó ÊÐÛÑ

Îïðåäåëÿëè âêëàä NO â ðåãóëÿöèþ ñóììàðíîãî áàçàëü-
íîãî òðàíñïîðòà âîäû è ýëåêòðîëèòîâ ÷åðåç ýïèòåëèé
òîëñòîé êèøêè â íîðìå è â óñëîâèÿõ ýêñïåðèìåíòàëüíîãî
ÿçâåííîãî êîëèòà. Òðàíñïîðò âîäû è ýëåêòðîëèòîâ
èññëåäîâàëè ìåòîäîì ïåðôóçèè èçîëèðîâàííîãî ó÷àñòêà
òîëñòîé êèøêè in vivo. Ýêñïåðèìåíòàëüíûé êîëèò
ìîäåëèðîâàëè ðåêòàëüíûì ââåäåíèåì 1 ìë 4%-é óêñóñíîé
êèñëîòû. Ââåäåíèå L-àðãèíèíà (500 ìã/êã, âíóòðèáðþ-

Ðèñ. 4. Âïëèâ L-àðã³í³íó (à, â) òà L-NAME (á, ã) íà òðàíñïîðò ³îí³â Na ÷åðåç åï³òåë³é òîâñòî¿ êèøêè ùóð³â íà 1-øó
(à, â) òà 3-òþ (á, ã) äîáó ï³ñëÿ ìîäåëþâàííÿ îöòîâîêèñëîãî âèðàçêîâîãî êîë³òó: 1 � êîíòðîëü, 2 � äîñë³ä. * Ð<0,05
â³äíîñíî êîíòðîëþ
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øèííî) íå âëèÿëî íà ñóìàðíûé òðàíñïîðò âîäû, Ê+ è Ñ²-,
çàòî ñòàòèñòè÷åñêè äîñòîâåðíî (Ð<0,05) óãíåòàëî
âñàñûâàíèå èîíîâ Na+. Ââåäåíèå L-NAME (10 ìã/êã,
âíóòðèâåííî) íàîáîðîò ïîâûøàëî âñàñûâàíèå èîíîâ Na+

(Ð<0,01), à òàêæå íåçíà÷èòåëüíî óìåíüøàëî ñåêðåöèþ Ê+

(Ð<0,01). Ìû íàáëþäàëè ñàòèñòè÷åñêè äîñòîâåðíîå
óìåíüøåíèå âñàñûâàíèå âîäû, Na+ è ñåêðåöèè K+ íà 3-è
ñóòêè ïîñëå ââåäåíèÿ óêñóñíîé êèñëîòû. Íåñìîòðÿ íà
âîññòàíîâëåíèå ìàêðîñêîïè÷åñêèõ ïîêàçàòåëåé ñëèçèñòîé
îáîëî÷êè òîëñòîé êèøêè íà 7-å ñóòêè, âñàñûâàíèå Na+ íå
âåðíóëîñü ê êîíòðîëüíûì çíà÷åíèÿì, à óðîâåíü ñåêðåöèè
K+ áûë ñíèæåí (Ð<0,01). Ââåäåíèå L-àðãèíèíà íå âëèÿëî
íà ñóììàðíûé òðàíñïîðò âîäû, Ê+ è Ñ²-, íî óãíåòàëî (Ð<0,05)
âñàñûâàíèå Na+ íà 1-å è 3-è ñóòêè ïîñëå ââåäåíèÿ óêñóñíîé
êèëîòû. L-NAME ïîâûøàë âñàñûâàíèå Na+ (Ð<0,01) òîëüêî
÷åðåç 1 ñóòêè è áûë íåýôôåêòèâåí íà 3-è. Òàêèì îáðàçîì,
â óñëîâèÿõ in vivo NO îêàçûâàåò ïðîñåêðåòîðíîå âëèÿíèå
íà òðàíñïîðòíóþ ôóíêöèþ ýïèòåëèÿ òîëñòîé êèøêè
÷åðåç ðåãóëÿöèþ òðàíñïîðòà Na+ è K+.
Êëþ÷åâûå ñëîâà: îêñèä àçîòà, òðàíñïîðò èîíîâ, òðàíñïîðò
âîäû, òîëñòàÿ êèøêà, ÿçâåííûé êîëèò.

T.M. Savka, G.M Tolstanova, Ja.M. Savitsky,
V.I. Kimakovich

THE ROLE OF NITRIC OXIDE IN THE
REGULATION OF COLONIC WATER AND
ELECTROLYTE TRANSPORT IN NORMAL
COLON AND DURING ACETIC ACID
EXPERIMENTAL COLITIS IN RATS

Despite numerous studies about the role of NO in the regulation
of intestinal water and ion transport, the data about colonic
fluid movement are controversial and scanty. The aim of the
present study was to investigate the contribution of NO in the
basal net water and electrolytes (Na+, K+, Cl-) transport in
normal colon and during experimental ulcerative colitis in rats.
The net water and electrolytes movements were evaluated by
isolated colonic loop perfusion technique in vivo on anaesthetized
male Wistar rats. Experimental colitis was modeled by rectal
injection of 1 ml 4% acetic acid. In the present study, precursor
of NO L-arginine (500 mg/kg, i.p.) had no effect on net water, Ê+

and Ñ²- transport, but significantly decreased (Ð<0.05) Na+ ab-
sorption. Injection of inhibitor NOS L-NAME (10mg/kg, i.v.)
did not affect the net water and Ñ²- movement, but induced
elevation of the net Na+ absorption and a slight amelioration of
Ê+ secretion with a significant difference P<0.01. We found
profound downregulation of net water, Na+ absorption and K+

secretion which were associated with colonic mucosal ulceration
at 3rd day after acetic acid introduction. Despite restoration of
colonic mucosae at 7th day, Na+ absorption was not restored
completely, moreover K+ secretion was still significantly de-
creased (P<0.01). L-arginine administration decreased the net
Na+ absorption and didn�t affect the net water, K+ and Cl-

movement at 1st and 3rd days after acetic acid enema. L-NAME
slightly increased the net Na+ absorption (P<0.01) only at 1st

day and had any effect at 3rd day. Conclusion: NO might have
slight pro-secretory influence on colonic fluid transport in vivo
via regulation of Na+ and K+ transport.
Key words: nitric oxide, ion transport, water transport, colon,
ulcerative colitis.

Danylo Galytskyi Lviv National University;
Taras Shevchenko Kyiv National University

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Ïåðøèé íàö³îíàëüíèé êîíãðåñ ç á³îåòèêè // Åæåíå-
äåëüíèê ÀÏÒÅÊÀ. � 2001. � ¹37 (308) (â³ä
24.09.2001).

2. Aizman R., Brismar H., Celsi G. Nitric oxide inhibits
potassium transport in the rat distal colon // Amer. J.
Physiol. � 1999. � 276. - G146�154.

3. Beck P.L., Li Y., Wong J., Chen C.W. et al. Inducible
nitric oxide synthase from bone marrow-derived cells
plays a critical role in regulating colonic inflammation/
/ Gastroenterology. � 2007. � 132. � P.1778�1790.

4. Bell C.J., Gall D.G., Wallace J.L. Disruption of colonic
electrolyte transport in experimental colitis // Amer. J.
Physiol. � 1995. � 268. � G622�630.

5. DuVall M.D., Zhu S., Fuller C.M., Matalon S.
Peroxynitrite inhibits amiloride-sensitive Na

+
 ñurrents

in Xenopus oocytes expressing -rENaC // Amer. J.
Physiol. Cell Physiol. � 1998. � 274. � C1417�C1423.

6. Ekblad E., Mulder H., Uddman R., Sundler F. NOS-
containing neurons in the rat gut and coeliac ganglia //
Neuropharmacology. � 1994. � 33. � P.1323�1331.

7. Eutamene H., Theodorou V., Fioramonti J., Bueno L.
Implication of NK1 and NK2 receptors in rat colonic
hypersecretion induced by interleukin 1 beta: role of
nitric oxide // Gastroenterology. � 1995. � 109. � P.483-489.

8. Gäbel G., Garz B., Ahrens F., Aschenbach J.R. Effect
of nitric oxide on electrolyte transport across the por-
cine proximal colon // J Comp Physiol [B]. � 2003. �
173. � P.177�186.

9. Green C.L., Ho W., Sharkey K.A., McKay D.M. Dex-
tran sodium sulfate-induced colitis reveals nicotinic
modulation of ion transport via iNOS-derived NO //
Amer. J. Physiol. Gastroint. Liver Physiol. � 2004. �
287. � G706�714.

10. Guo Y., DuVall M.D., Crow J.P., Matalon S. Nitric
oxide inhibits Na

+
 absorption across cultured alveolar

type II monolayers // Amer. J. Physiol Lung Cell Mol
Physiol. � 1998. � 274. - L369�377.

11. Hawker P.C., McKay J.S., Turnberg L.A. Electrolyte
transport across colonic mucosa from patients with
inflammatory bowel disease // Gastroenterology. �
1980. � 79. � P.508�511.

12. Jain L., Chen X.J., Brown L.A., Eaton D.C. Nitric
oxide inhibits lung sodium transport through a cGMP-
mediated inhibition of epithelial cation channels // Amer.
J. Physiol. Lung. Cell Mol. Physiol. � 1998. � 274. �
L475�484.

Ðîëü îêñèäó àçîòó â ðåãóëÿö³¿ òðàíñïîðòó âîäè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 1 117

13. Kankuri E., Hämäläinen M., Hukkanen M. et al. Sup-
pression of pro-inflammatory cytokine release by se-
lective inhibition of inducible nitric oxide synthase in
mucosal explants from patients with ulcerative colitis
// Scand. J. Gastroenterol. � 2003. � 38. � P.186�192.

14. Kolios G., Rooney N., Murphy C.T. et al.Expression
of inducible nitric oxide synthase activity in human
colon epithelial cells: modulation by T lymphocyte
derived cytokines // Gut. � 1998. � 43. � P.56�63.

15. MacNaughton W.K,. Lowe S.S., Cushing K. Role of
nitric oxide in inflammation-induced suppression of
secretion in a mouse model of acute colitis // Amer. J.
Physiol. � 1998. � 275. � G1353�1360.

16. Martín M.C., Martinez A., Mendoza J.L. et al.
Influence of the inducible nitric oxide synthase gene
(NOS2A) on inflammatory bowel disease susceptibil-
ity // Immunogenetics. � 2007. � 59. � P.833�837.

17. Myers B.S., Martin J.S., Dempsey D.T. et al. Acute
experimental colitis decreases colonic circular smooth
muscle contractility in rats // Amer. J. Physiol. � 1997. �
273. � P.928�936.

18. Ortiz PA., Garvin J.L. Role of nitric oxide in the
regulation of nephron transport // Amer. J. Physiol.
Renal. Physiol. � 2002. � 282. � F777�784.

19. Perner A., Andresen L., Normark M. et al. Expression
of nitric oxide synthases and effects of L-arginine and
L-NMMA on nitric oxide production and fluid trans-
port in collagenous colitis // Gut. � 2001. � 49. � P.387�394.

20. Rachmilewitz D., Karmeli F., Okon E., Bursztyn M.
Experimental colitis is ameliorated by inhibition of ni-
tric oxide synthase activity // Ibid. � 1995. � 37. �
P.247�255.

21. Reddix R.A., Liu X., Miller M.J. et al. Constitutive
nitric oxide release modulates neurally-evoked chloride
secretion in guinea pig colon // Auton Neurosci. � 2000. �
86. � P.47�57.

22. Reddix R.A., Mullet D., Fertel R., Cooke H.J. Endog-
enous nitric oxide inhibits endothelin-1-induced
chloride secretion in guinea pig colon // Nitric Oxide. �
1998. � 2. � P.28�36.

23. Reinders C.A., Jonkers D., Janson E.A. et al. Rectal
nitric oxide and fecal calprotectin in inflammatory
bowel disease // Scand. J. Gastroenterol. � 2007. � 42. �
Ð.1151�1157.

24. Roediger W.E. Review article: nitric oxide from dysbiotic
bacterial respiration of nitrate in the pathogenesis and as
a target for therapy of ulcerative colitis // Aliment.
Pharmacol. Therap. � 2008. � 27. � P.531�541.

25. Schedl H.P., White D. Use of polyethylene glycol and
phenol red as unabsorpabed indicators for intestinal
absorption studies in man // Gut. � 1966. � 7, ¹ 2. �
P.159�163.

26. Schultheiss G., Seip G., Kocks S.L., Diener M. Ca(2+)-
dependent and -independent Cl(-) secretion stimulated
by the nitric oxide donor, GEA 3162, in rat colonic
epithelium // Eur. J. Pharmacol. � 2002 � 444. � P.21�30.

27. Seril D.N., Liao J., Yang G.Y. Colorectal carcinoma
development in inducible nitric oxide synthase-defi-
cient mice with dextran sulfate sodium-induced ulcer-
ative colitis // Mol. Carcinog. � 2007. � 46. � P.341�353.

28. Sladen G.E., Dawson A.M. An evaluation of perfusion
techniques in the study of water and electrolyte ab-
sorption in man: the problem of endogenous secre-
tions // Gut. � 1968. � 9. � P.530�535.

29. Sladen G.E., Harries J.T. Studies on the effects of
unconjugated dyhidroxy bile salts on rat small intesti-
nal function in vivo // Biochem. Biophys. Acta. � 1972. �
288. � P.443�456.

30. Wilson K.T., Xie Y., Musch M.W., Chang E.B. Sodium
nitroprusside stimulates anion secretion and inhibits
sodium chloride absorption in rat colon // J. Pharmacol.
Exp. Therap. � 1993. � 266. � P.224�230.

Ëüâ³â. íàö. ìåä. óí-ò ³ì. Äàíèëà Ãàëèöüêîãî;
Êè¿â. íàö. óí-ò ³ìåí³ Òàðàñà Øåâ÷åíêà
E-mail: taras.savka@rambler.ru

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 04.03.2009

Ò.Ì. Ñàâêà, Ã.Ì. Òîëñòàíîâà, ß.Ì. Ñàâèöüêèé, Â.É. Ê³ìàêîâè÷


