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ÐÎÇÄ²Ë VIII. Ô²Ç²ÎËÎÃ²ß ÄÈÕÀÍÍß

ÂÏËÈÂ ÁÀÃÀÒÎÄÅÍÍÈÕ Ã²ÏÎÊÑÈ×ÍÈÕ ÒÐÅÍÓÂÀÍÜ ÍÀ ÂÓÃËÅÂÎÄÍÈÉ ÁÀËÀÍÑ ÙÓÐ²Â
Ç ÑÒÐÅÏÒÎÇÎÒÎÖÈÍÎÂÈÌ ÖÓÊÐÎÂÈÌ Ä²ÀÁÅÒÎÌ

À.Â. Àáðàìîâ, Ò.Â. ²âàíåíêî, ª.Â.Êàäæàðÿí

Çàïîð³çüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò

Åï³äåì³îëîã³÷í³ ñïîñòåðåæåííÿ, à òàêîæ ïîîäèíîê³ åêñïåðèìåíòàëüí³ òà êë³í³÷í³ äîñë³äæåííÿ ñâ³ä÷àòü
ïðî íèçüêèé ð³âåíü õâîðèõ íà öóêðîâèé ä³àáåò (ÖÄ) ó âèñîêîã³ð�¿. Òàêîæ â³äîìî ïðî ãëþêîçîçíèæó-
âàëüíèé åôåêò áàãàòîäåííîãî ïåðåáóâàííÿ åêñïåðèìåíòàëüíèõ òâàðèí ç ÖÄ â öèõ óìîâàõ. Ìåòîþ íàøî-
ãî äîñë³äæåííÿ áóëî âñòàíîâèòè äèíàì³êó ãë³êåì³¿ ó ùóð³â ç åêñïåðèìåíòàëüíèì ä³àáåòîì ï³ä ÷àñ òà ó
â³äñòðî÷åíèé ïåð³îä ï³ñëÿ áàãàòîäåííèõ ã³ïîêñè÷íèõ òðåíóâàíü. Äîñë³äæåííÿ ïðîâåäåí³ íà 80 ëàáîðà-
òîðíèõ ùóðàõ. ÖÄ ìîäåëþâàëè îäíîêðàòíèì, âíóòð³øíüî÷åðåâíèì ââåäåííÿì ñòðåïòîçîòîöèíó â äîç³
50 ìã/êã. Âì³ñò ãëþêîçè êðîâ³ âèçíà÷àëè ãëþêîçîîêñèäàçíèì ìåòîäîì. Áàãàòîäåíí³ ã³ïîêñè÷í³ òðåíó-
âàííÿ (ÃÒ) ïðîâîäèëè â âåíòèëüîâàí³é áàðîêàìåð³ â íàñòóïíîìó ðåæèì³: ïåðø³ 5 äí³â ïî 6 ãîä, ï³äòðè-
ìóþ÷è «âèñîòó ï³äéîìó» íà 1000 ì âèùå çà ïîïåðåäí³é äåíü, à íàñòóïí³ 10 äí³â � âèñîòó 6000 ì íàä
ð³âíåì ìîðÿ, ùî â³äïîâ³äàº êîíöåíòðàö³¿ êèñíþ â äèõàþ÷îìó ïîâ³òð³ 9,8% (pO2

=74,2 ìì ðò.ñò.). ÃÒ
ùóð³â ç ä³àáåòîì, ÿê³ ïðîâîäèëè ç 14-¿ äîáè ðîçâèòêó ïàòîëîã³÷íîãî ïðîöåñó, ³ñòîòíî çíèæóâàëè òåìïè
ðîñòó ãë³êåì³¿, ð³âåíü ÿêî¿ íà 28-é äåíü ðîçâèòêó ÖÄ áóâ íà 40% íèæ÷èì (7,92 ììîëü/ë ± 0,96 ììîëü/ë,
P<0,005), í³æ ó ùóð³â ç ä³àáåòîì áåç ÃÒ (13,21ììîëü/ë ± 1,48 ììîëü/ë). Õàðàêòåðíî, ùî ÷åðåç 10 ä³á
ï³ñëÿ çàê³í÷åííÿ ÃÒ ð³âåíü ãë³êåì³¿ ó åêñïåðèìåíòàëüíèõ òâàðèí (38-é äåíü ðîçâèòêó ÖÄ) ñòàòèñòè÷íî
íå â³äð³çíÿâñÿ â³ä çíà÷åíü, âèì³ðÿíèõ ï³ñëÿ çàê³í÷åííÿ ã³ïîêñè÷íèõ ñåàíñ³â (9,07 ììîëü/ë ± 1,59 ììîëü/ë,
P>0,5), ³ öå áóëî â 2,5 ðàçà ìåíøå, í³æ ó êîíòðîëüíèõ ùóð³â ç ä³àáåòîì (23,06 ììîëü/ë ± 2,73 ììîëü/ë
P=0,001). Ðîçâèòîê ÖÄ ó êîíòðîëüíèõ ùóð³â ïðîòÿãîì 38 ä³á íå ïðèçâîäèâ äî ïðèðîñòó ìàñè ò³ëà. Àëå
ùóðè ç ä³àáåòîì ïî çàâåðøåíí³ ÃÒ ìàëè ñåðåäíüîñòàòèñòè÷íèé ïðèð³ñò ìàñè ò³ëà íà 14,6 % ± 3,4 %
(Ð=0,011), ÿêèé çáåð³ãàâñÿ íà ð³âí³ 15,9 % ± 4,9 % (Ð<0,05) ÷åðåç 30 ä³á. Òàêèì ÷èíîì, áàãàòîäåíí³ ÃÒ
ùóð³â ç ä³àáåòîì ïðèçâîäÿòü äî ñóòòºâîãî ãàëüìóâàííÿ ðîñòó ãë³êåì³¿ ç³ çáåðåæåííÿ öüîãî åôåêòó ïðî-
òÿãîì 1 ì³ñ ï³ñëÿ ¿õ çàâåðøåííÿ.

ÇÌ²ÍÀ ÏÎÊÀÇÍÈÊ²Â ÂÀÐ²ÀÁÅËÜÍÎÑÒ² ÐÈÒÌÓ ÑÅÐÖß ÒÀ ÔÐÀÊÒÀËÜÍÎ¯
ÍÅÉÐÎÄÈÍÀÌ²ÊÈ Ï²Ä ÂÏËÈÂÎÌ ÊÅÐÎÂÀÍÎÃÎ ÄÈÕÀÍÍß Ç ²ÍÄÈÂ²ÄÓÀËÜÍÎ
Ï²Ä²ÁÐÀÍÎÞ ×ÀÑÒÎÒÎÞ

Î.À. Á³ðþêîâà, Î.Ì. ×óÿí, Ì.Þ. Ðàâàºâà, ².Ð. Í³ê³ôîðîâ

Òàâð³éñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Â.². Âåðíàäñüêîãî;
Öåíòð êîðåêö³¿ ôóíêö³îíàëüíîãî ñòàíó ëþäèíè,  Ñ³ìôåðîïîëü
health.center.tnu@gmail.com

Ïðîáëåìà ôóíêö³îíàëüíîãî ñòàíó îðãàí³çìó ëþäèíè äóæå àêòóàëüíà òà âèìàãàº ïîãëèáëåíèõ íàóêîâèõ
äîñë³äæåíü, íàïðàâëåíèõ íà ïîøóê åôåêòèâíèõ íå³íâàçèâíèõ ìåòîä³â ïðîô³ëàêòèêè ³ êîðåêö³¿. Â³äîìî,
ùî ðèòì³êà ñåðöÿ º óí³âåðñàëüíèì â³ääçåðêàëåííÿì ðåàêö³¿ îðãàí³çìó íà áóäü-ÿêó ä³þ ç áîêó çîâí³øíüîãî
³ âíóòð³øíüîãî ñåðåäîâèùà. Ïåðñïåêòèâíèì íàïðÿìêîì â êîðåêö³¿ ôóíêö³îíàëüíîãî ñòàíó ëþäèíè º
âèêîðèñòàííÿ ìåòîäó êåðîâàíîãî äèõàííÿ ç ³íäèâ³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ. Ïðîòå çàëèøàºòüñÿ
íåâèâ÷åíèì âïëèâ êåðîâàíîãî ïîäèõó íà ôóíêö³îíàëüíèé ñòàí óìîâíî çäîðîâèõ ëþäåé. Ó çâ�ÿçêó ç
öèì ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ÷åííÿ çì³í ïîêàçíèê³â âàð³àáåëüíîñò³ ðèòìó ñåðöÿ (ÂÐÑ) ³
ôðàêòàëüíî¿ íåéðîäèíàì³êè (ÔÍÄ) ï³ä âïëèâîì êåðîâàíîãî ïîäèõó ç ³íäèâ³äóàëüíî ï³ä³áðàíîþ ÷àñòî-
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òîþ, ÿêà â³äïîâ³äàº ÷àñòîò³ ï³êó ç ìàêñèìàëüíîþ àìïë³òóäîþ â íèçüêî÷àñòîòíîìó ä³àïàçîí³ ñïåêòðà
ñåðöåâîãî ðèòìó. Ó äîñë³äæåíí³ áðàëè ó÷àñòü ñòóäåíòè-âîëîíòåðè æ³íî÷î¿ ñòàò³ â³êîì â³ä 20 äî 23
ðîê³â, óìîâíî çäîðîâ³, áåç îçíàê ñåðöåâî-ñóäèííî¿ òà äèõàëüíî¿ ïàòîëîã³¿. ̄ ì ïðîïîíóâàëè äèõàòè â³äïî-
â³äíî äî ðèòìó é àìïë³òóäè, ùî çàäàþòüñÿ «äèõàëüíîþ êóëåþ», ïàðàìåòðè ÿêî¿ ðîçðàõîâóâàëèñÿ çà
ðèòìîãðàìîþ, ÿêà áóëà çàïèñàíà áåçïîñåðåäíüî ïåðåä ñåàíñîì äèõàííÿ. Àíàë³ç ³íäåêñó íàïðóæåíîñò³
äàâ çìîãó âèä³ëèòè òðè îñíîâí³ ãðóïè îáñòåæóâàíèõ: íîðìîòîí³êè � 43%, ñèìïàòîòîí³êè � 43 % ³ âàãîòî-
í³êè � 14 %. Âîíè äîñòîâ³ðíî â³äð³çíÿëèñÿ çà ³íäèâ³äóàëüíèì ïðîô³ëåì ôóíêö³îíàëüíîãî ñòàíó: ³íòåã-
ðàëüí³ ïîêàçíèêè ôóíêö³îíàëüíîãî ñòàíó ó âàãîòîí³ê³â áóëè çíà÷íî âèù³, í³æ â íîðìî- ³ òèì á³ëüøå
ñèìïàòîòîí³ê³â. Ï³ñëÿ ïðîâåäåííÿ 10-äåííîãî êóðñó êåðîâàíîãî ïîäèõó ó îáñòåæóâàíèõ óñ³õ òðüîõ
ãðóï  çàðåºñòðîâàíî çíèæåííÿ çíà÷åíü ³íäåêñó íàïðóæåííÿ òà çá³ëüøåííÿ ³íòåãðàëüíèõ ïîêàçíèê³â ÂÐÑ
³ ÔÍÄ, ùî ñâ³ä÷èòü ïðî ï³äâèùåííÿ ïàðàñèìïàòè÷íîãî òîíóñó âåãåòàòèâíî¿ íåðâîâî¿ ñèñòåìè é îïòèì³çàö³¿
ôóíêö³îíàëüíîãî ñòàíó íà âñ³õ ð³âíÿõ ðåãóëÿö³¿ (âåãåòàòèâíîìó, íåéðîãóìîðàëüíîìó, öåíòðàëüíîìó). Ìàê-
ñèìàëüíèé åôåêò â³ä êóðñó êåðîâàíîãî äèõàííÿ çàðåºñòðîâàíèé ó ñèìïàòîòîí³ê³â, ì³í³ìàëüíèé � ó âàãî-
òîí³ê³â, ùî óçãîäæóºòüñÿ ³ç çàêîíîì «ïî÷àòêîâèõ çíà÷åíü» Â³ëüäåðà-Ëåéòåñà. Òðåáà â³äçíà÷èòè, ùî êåðîâàíà
äèõàëüíà ã³ìíàñòèêà ìàº âèðàæåíèé åôåêò ï³ñëÿä³¿, çàðåºñòðîâàíèé ³ ÷åðåç ñ³ì äí³â ï³ñëÿ çàê³í÷åííÿ êóðñó.
Òàêèì ÷èíîì, ðåçóëüòàòè ïðîâåäåíîãî äîñë³äæåííÿ äîâåëè âèñîêó åôåêòèâí³ñòü âæèâàííÿ ìåòîäó êåðîâà-
íîãî ïîäèõó ç ³íäèâ³äóàëüíî ï³ä³áðàíîþ ÷àñòîòîþ äëÿ êîðåêö³¿ ôóíêö³îíàëüíîãî ñòàíó îðãàí³çìó ñòóäåíò³â íà
ð³çíèõ ð³âíÿõ ðåãóëÿö³¿.

Ã²ÏÎÊÑÈ×ÍÀ ÑÒÈÌÓËßÖ²ß ßÊ ×ÈÍÍÈÊ ÊÎÐÅÊÖ²¯ ÏÑÈÕÎÑÎÌÀÒÈ×ÍÈÕ ÑÒÀÍ²Â
² ÀÍÒÈÎÊÑÈÄÀÍÒÍÎ¯ ÑÈÑÒÅÌÈ ÎÐÃÀÍ²ÇÌÓ

À.Â. Áóêîâà, Þ.Î. Áóêîâ, ².À. Êîâàëüñüêà

Òàâð³éñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Â.². Âåðíàäñüêîãî, Ñ³ìôåðîïîëü
tnu-fr@rambler.ru

Çì³íåíå ãàçîâå ñåðåäîâèùå, ÿê ìîãóòí³é ñòèìóë êîðèãóþ÷èõ âïëèâ³â íà îðãàí³çì, çíàõîäèòü äîñèòü øèðîêå
ïðàêòè÷íå çàñòîñóâàííÿ, ÿâëÿþ÷è ñîáîþ îäíèì ç ïåðñïåêòèâíèõ ìåòîä³â àêòèâíîãî óïðàâë³ííÿ àäàïòàö³é-
íèì ïðîöåñîì ³ ïðîô³ëàêòèêè ð³çíèõ ðîçëàä³â, êîòð³ ïîâ�ÿçàí³ ç âïëèâàìè íà ëþäèíó åêñòðåìàëüíèõ ÷èí-
íèê³â íåçàñåëåíîãî ñåðåäîâèùà. ßê ïðàâèëî, â ìåõàí³çì³ ðåàë³çàö³¿ âïëèâó íåàäåêâàòíî¿ çîâí³øíüî¿ ä³¿ ïðî-
ñòåæóºòüñÿ ïðîîêñèäàíòíèé åôåêò, îñîáëèâî ó òîìó ðàç³, êîëè ëþäèíà â³ä÷óâàº çíà÷í³ ïñèõîåìîö³îíàëüí³
íàâàíòàæåííÿ. Îïòèì³çàö³ÿ êèñíåâîãî ðåæèìó îðãàí³çìó ïðè ñòðåñîâèõ ñòàíàõ, î÷åâèäíî, ìîæå ñïðèÿòè
çíèæåííþ íåãàòèâíèõ íàñë³äê³â àäàïòàö³éíî¿ íàïðóãè. Íàìè áóëè ïðîâåäåí³ äîñë³äæåííÿ, â ÿêèõ âçÿëè ó÷àñòü
18 ñòóäåíòîê â³êîì â³ä 18 äî 20 ðîê³â ç íèçüêèìè ïîêàçíèêàìè ñîìàòè÷íîãî çäîðîâ�ÿ ³, ÿê³ ïåðåáóâàëè â
ñòàí³ ïñèõîåìîö³éíîãî ñòðåñó ó çâ�ÿçêó ç íàâ÷àëüíîþ ä³ÿëüí³ñòþ. ßê êîðèãóþ÷èé çàñ³á çàñòîñîâóâàëè ³íãà-
ëÿö³¿ ã³ïîêñè÷íèìè ãàçîâèìè ñóì³øàìè, ùî ì³ñòÿòü 14,0; 12,0; 10,0 % êèñíþ. Ã³ïîêñè÷í³ òðåíóâàííÿ ïðîâî-
äèëèñÿ â äèñêðåòíîèó ðåæèì³, ùî ïåðåäáà÷àº ïî÷åðãîâå äèõàííÿ ãàçîâèìè ñóì³øàìè ç åêñïîçèö³ÿìè àò-
ìîñôåðíèì ïîâ³òðÿì. Òðèâàë³ñòü ã³ïîêñè÷íèõ íàâàíòàæåíü ñòàíîâèëà 5�10 õâ, äèõàííÿ àòìîñôåðíèì ïîâ³òðÿì
� 5 õâ. Òðåíóâàëüíèé öèêë ñêëàäàâñÿ ç 10�12 ïðîöåäóð ã³ïîêñè÷íèõ ä³é. Ã³ïîêñ³ÿ,  ÿê ìîãóòí³é ïîë³ñèñòåì-
íèé òðåíóþ÷èé ÷èííèê, ñïðèÿëà, â ïåðøó ÷åðãó, åêîíîì³çàö³¿ ôóíêö³é êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè, ùî ìàëî
³ñòîòíå çíà÷åííÿ â ðåãóëÿö³¿ êèñíåâîãî ãîìåîñòàçó îðãàí³çìó. Âíàñë³äîê çì³íè íàïðóæåííÿ êèñíþ íà òêàíèí-
íîìó ³ êë³òèííîìó ð³âí³ â³äì³÷åíî ³íã³áóâàííÿ ïðîöåñ³â ÏÎË, ïîñèëåííÿ àíòèîêñèäàíòíîãî çàõèñòó îðãàí³ç-
ìó. Îñê³ëüêè ³ñòîòíà ðîëü â àíòèñòðåñîâîìó åôåêò³ àäàïòàö³¿ íàëåæèòü àíòèîêñèäàíòí³é ñèñòåì³, òî ìîæíà
â³äçíà÷èòè, ùî ç ï³äâèùåííÿì àíòèîêñèäàíòíîãî ñòàòóñó ïîñèëþºòüñÿ ³ íåñïåöèô³÷íà ðåçèñòåíòí³ñòü îðãàí-
³çìó äî ä³¿ áóäü-ÿêîãî ïàòîãåííîãî ÷èííèêà. Öåé ôåíîìåí çíàéøîâ ñâîº â³äîáðàæåííÿ â çíèæåíí³ ð³âíÿ
ñîìàòè÷íî¿ òðèâîæíîñò³ â³ä ïîì³ðíî âèðàæåíîãî íåâðîçó äî ñåðåäíüîãî ð³âíÿ òðèâîæíîñò³. Êð³ì òîãî, â
ê³íö³ êóðñó êîðåêö³¿ ó ñòóäåíòîê â³äì³÷àëîñÿ ïîë³ïøåííÿ ñíó ³ çàãàëüíîãî ñòàíó, çíèæåííÿ ñëàáêîñò³, äðàò³â-
ëèâîñò³ ³ ñòîìëþâàíîñò³, ï³äâèùåííÿ ð³âíÿ ñïðèéíÿòòÿ íàâ÷àëüíîãî ìàòåð³àëó.

Ô²Ç²ÎËÎÃ²ß ÄÈÕÀÍÍß
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ÀÍÒÈÎÊÑÈÄÀÍÒÍ² ÅÔÅÊÒÈ ÌÅÊÑÈÄÎËÓ ÇÀ ÓÌÎÂ ÃÎÑÒÐÎ¯ Ã²ÏÎÊÑ²¯ ÍÀ ÔÎÍ²
ÒÐÈÂÀËÎÃÎ ÂÏËÈÂÓ Ã²ÏÎÊÑÈ×ÍÈÕ ÒÐÅÍÓÂÀÍÜ

Î.Î.Ãîí÷àð, Ì.Ì.Ñòåøåíêî,  Ñ.Á.Ôðàíöóçîâà, ².Ì.Ìàíüêîâñüêà

²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â

Îñòàíí³ì ÷àñîì øèðîêîãî âïðîâàäæåííÿ â ìåäè÷í³é òà ñïîðòèâí³é ïðàêòèö³ íàáóëî ã³ïîêñè÷íå òðåíó-
âàííÿ äëÿ ï³äâèùåííÿ àäàïòàö³éíèõ ðåçåðâ³â îðãàí³çìó òà çàõèñòó â³ä åêñòðåìàëüíèõ âïëèâ³â. Ââà-
æàºòüñÿ, ùî ïðîòåêòîðíà ä³ÿ ïåðåðèâ÷àñòî¿ ã³ïîêñ³¿ îïîñåðåäêîâàíà ïåð³îäè÷íîþ íèçêî³íòåíñèâíîþ ³íäóê-
ö³ºþ àêòèâíèõ ôîðì êèñíþ. Íàøèìè ïîïåðåäí³ìè äîñë³äæåííÿìè âñòàíîâëåíî, ùî ïðè ð³çíèõ ðåæèìàõ
ã³ïîêñè÷íèõ òðåíóâàíü ó äåÿêèõ òêàíèíàõ â³äì³÷àºòüñÿ â³äñóòí³ñòü ïîâíî¿ êîìïåíñàö³¿ â³ëüíîðàäèêàëü-
íèõ ïðîöåñ³â ç áîêó àíòèîêñèäàíòíèõ ñèñòåì. Ï³äñèëèòè åôåêòè àäàïòàö³éíèõ òðåíóâàíü ìîæå âèêîðè-
ñòàííÿ ôàðìàêîëîã³÷íèõ ïðåïàðàò³â ç³ øâèäêèì ñòèìóëþâàëüíèì âïëèâîì íà ïðîöåñè àäàïòàö³¿. Âèâ÷à-
ëè ä³þ ñåàíñ³â ³íòåðâàëüíèõ ã³ïîêñè÷íèõ òðåíóâàíü (²ÃÒ), (äèõàííÿ ãàçîâîþ ñóì³øøþ, ùî ì³ñòèëà
12% Î2 â àçîò³, ïðîòÿãîì 5 õâ ç 15-õâèëèííèìè íîðìîêñè÷íèìè ³íòåðâàëàìè 65 õâ êîæåí äåíü ïðîòÿ-
ãîì 3 òèæ) òà ïðîô³ëàêòè÷íîãî ââåäåííÿ ìåêñèäîëó (3-îêñè-6-ìåòèë-2-åòèëï³ðèäèí ñóêöèíàò) íà ³íòåí-
ñèâí³ñòü ïðîöåñ³â ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (ÏÎË), âì³ñò â³äíîâëåíîãî òà îêèñíåíîãî ãëóòàò³îíó,
àêòèâí³ñòü àíòèîêñèäàíòíèõ ôåðìåíò³â � ñóïåðîêñèääèñìóòàçè (ÑÎÄ), êàòàëàçè, ãëóòàò³îíïåðîêñèäàçè
(ÃÏ), öåðóëîïëàçì³íó (ÖÏ) ó òêàíèíàõ òà êðîâ³ ùóð³â. Áóëî ïîêàçàíî, ùî ïðè ä³¿ íàäçâè÷àéíîãî ïîäðàç-
íèêà (ãîñòðî¿ ã³ïîêñ³¿ � äèõàííÿ ãàçîâîþ ñóì³øøþ, ùî ì³ñòèëà 7% Î2 ïðîòÿãîì 45 õâ) ó òâàðèí,
òðåíîâàíèõ íà ôîí³ ïîïåðåäíüîãî ââåäåííÿ ìåêñèäîëó, çðîñòàííÿ ÏÎË â òêàíèíàõ áóëî ìåíø âèðàæå-
íî, í³æ ïðè ä³¿ ãîñòðî¿ ã³ïîêñ³¿ ó ðàç³ â³äñóòíîñò³ ôàðìàêîëîã³÷íî¿ ï³äòðèìêè. Ó ì³îêàðä³ âì³ñò âòîðèí-
íèõ ïðîäóêò³â ÏÎË çíèæóâàâñÿ íà 17% (P<0,05), ó ëåãåíÿõ � íà 12% (P<0,05), â ïëàçì³ êðîâ³ � íà 21%
(P<0,05). Âèêîðèñòàííÿ ìåêñèäîëó â ñåàíñàõ ²ÃÒ êîðèãóâàëî àêòèâí³ñòü ÑÎÄ, ÃÏ ³ ÖÏ ó äîñë³äæóâà-
íèõ òêàíèíàõ ³ åðèòðîöèòàõ, òèì ñàìèì íàáëèæàþ÷è ö³ ïîêàçíèêè äî êîíòðîëüíèõ çíà÷åíü. Ã³ïåðàêòèâà-
ö³ÿ êàòàëàçè, ùî ñïîñòåð³ãàëàñÿ ïðè ãîñòð³é ã³ïîêñ³¿, çíèæóâàëàñÿ â êðîâ³ íà 27% (P<0,05), â ì³îêàðä³
³ ëåãåíÿõ íà 15 ³ 16% â³äïîâ³äíî (P<0,05). Çàñòîñóâàííÿ ìåêñèäîëó â ïðîöåñ³ ã³ïîêñè÷íèõ òðåíóâàíü
ïðèçâîäèëî äî çá³ëüøåííÿ âì³ñòó â³äíîâëåíîãî ãëóòàò³îíó â ì³îêàðä³ íà 24%(P<0,05), â ëåãåíÿõ � íà
42%(P<0,05). Òàêèì ÷èíîì, ìåêñèäîë çíèæóº ³íòåíñèâí³ñòü ïðîöåñ³â ÏÎË òà ïîñèëþº àíòèîêñèäàíòí³
åôåêòè ³íòåðâàëüíèõ ã³ïîêñè÷íèõ òðåíóâàíü â òêàíèíàõ ñåðöÿ, ëåãåíü òà  êðîâ³ çà óìîâ ä³¿ ãîñòðîãî
ã³ïîêñè÷íîãî ñòðåñó ³ ìîæå çàñòîñîâóâàòèñÿ ÿê åôåêòèâíèé àäàïòîãåí äëÿ ï³äâèùåííÿ ñò³éêîñò³ îðãàí-
³çìó äî çá³ëüøåííÿ â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ã³ïîêñè÷íîãî ´åíåçó.
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Í.Ã. Ãîí÷àðîâà, ².ª. Ñóõîìë³íîâà, Í.Â. Äàíèëåâñüêà

Çàïîð³çüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò
edelweiss57@ukr.net

Îñòàíí³ì ÷àñîì ï³äâèùèâñÿ ³íòåðåñ äîñë³äíèê³â äî âèâ÷åííÿ áåçïîñåðåäí³õ ³ â³ääàëåíèõ íàñë³äê³â âïëèâó
ã³ïîêñè÷íîãî ñòðåñó, ÿêèé ïåðåæèâàº ìàòåðèíñüêèé îðãàí³çì ³ îïîñåðåäêîâàíî � âíóòð³øíüî÷åðåâíèé
ïë³ä, íà íåéðîåíäîêðèííó ñèñòåìó íàùàäê³â, ùî çóìîâëþº ïîÿâó ö³ëîãî ñïåêòðà çì³í íå ò³ëüêè ç áîêó
ÖÍÑ, åíäîêðèííèõ çàëîç, àëå é îðãàí³â ³ìóí³òåòó. Â³äîìî, ùî òèïîâèì íàñë³äêîì ïåðèíàòàëüíî ïåðåíå-
ñåíî¿ ã³ïîêñ³¿ º âèíèêíåííÿ  íåäîñòàòíîñò³ ãóìîðàëüíî¿ òà êë³òèííî¿ ëàíîê ³ìóí³òåòó ó ïåðèôåðè÷í³é
êðîâ³, ùî êë³í³÷íî â³çóàë³çóºòüñÿ òÿæêèì ïåðåá³ãîì áàêòåð³àëüíî-â³ðóñíèõ õâîðîá. Ì³æ òèì çì³íè ìîð-
ôîôóíêö³îíàëüíîãî ñòàíó òèìóñà (Ò), ÿêèé ÿâëÿº ñîáîþ ãîëîâíó ñèñòåìó âçàºìîïîâ�ÿçàíèõ äèíàì³÷-
íèõ êîìïîíåíò³â, ùî íàéá³ëüø ÷óòëèâî ðåàãóþòü íà áóäü-ÿê³ íåñïðèÿòëèâ³ âïëèâè, ïîòðåáóþòü ïîäàëü-
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øîãî âèâ÷åííÿ òà îö³íêè. Â³äîì³ çàëåæíîñò³ ³íäåêñó ãîñòðî¿ çàõâîðþâàíîñò³ â³ä ð³âíÿ ô³çè÷íîãî ðîçâèò-
êó äàþòü çìîãó ïðîãíîçóâàòè ìîäèô³êîâàíó â³äïîâ³äü çàëîçè íà ä³þ ïåðèíàòàëüíîãî ã³ïîêñè÷íîãî ñòðå-
ñó (ÏÃÑ). Ó çâ�ÿçêó ç öèì ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèâ÷èòè âïëèâ ÏÃÑ íà ìîðôîìåòðè÷í³
ïîêàçíèêè Ò òà ñîìàòîìåòðè÷í³ ïîêàçíèêè ô³çè÷íîãî ðîçâèòêó ùóðÿò ó ðàííüîìó â³ö³. Îá�ºêòîì äîñ-
ë³äæåííÿ ñòàëè 80 á³ëèõ ùóðÿò ë³í³¿ Â³ñòàð ³ç 9 ïîñë³ä³â. Ó äîñë³äíó ãðóïó ââ³éøëî 40 òâàðèí, ÿê³
çàçíà÷èëè ÏÃÑ â ïåðø³ 10 ä³á ïðåíàòàëüíîãî ðîçâèòêó. Ðåøòà ùóðÿò, ùî ðîçâèâàëèñÿ ô³ç³îëîã³÷íî,
ñêëàëè ãðóïó êîíòðîëþ. Ðåçóëüòàòè äîñë³äæåííÿ ïîêàçàëè, ùî â³çóàëüíî ôîðìà, êîë³ð ³ ïðóæí³ñòü çîá-
íî¿ çàëîçè íå â³äð³çíÿþòüñÿ â îáîõ ãðóïàõ. Ì³æ òèì àáñîëþòíà ìàñà Ò íîâîíàðîäæåíèõ ùóðÿò ç äîñë³äíî¿
ãðóïè äîñòîâ³ðíî ïåðåâèùóâàëà êîíòðîëüí³ çíà÷åííÿ. Ïîä³áí³ ðåçóëüòàòè ñïîñòåð³ãàëèñÿ ³ íà 7-ìó äîáó
æèòòÿ ùóðÿò äîñë³äíî¿ ãðóïè, êîëè öåé ïîêàçíèê â³ðîã³äíî áóâ á³ëüøèì çà êîíòðîëüí³ çíà÷åííÿ, ùî ìè
îö³íèëè ÿê ïðîÿâó òèìîìåãàë³¿. Ïëîùà ê³ðêîâî¿ ðå÷îâèíè Ò áóëà äîñòîâ³ðíî á³ëüøà çà ïëîùó ìîçêîâî¿,
ñòîñîâíî çàãàëüíî¿ ïëîù³ çð³çó îðãàíà, ÿê ³ â³ðîã³äíî çá³ëüøåíà ê³ëüê³ñòü ì³æäîëüêîâèõ ïåðåòèíîê ó
äîñë³äí³é ãðóï³ ïîð³âíÿíî ç êîíòðîëüíîþ. Ïðè îö³íþâàíí³ ñîìàòè÷íèõ ïîêàçíèê³â áóëî âñòàíîâëåíî, ùî
ó ùóðÿò ï³ñëÿ ÏÃÑ â³ðîã³äíî ï³çí³øå â³äëèïàëè âóøí³ ðàêîâèíè òà â³äêðèâàëèñü î÷³, í³æ â êîíòðîëüí³é
ãðóï³. Òåðì³í ïîÿâè âîëîñÿíîãî ïîêðèâó äîñòîâ³ðíî íå â³äð³çíÿâñÿ ì³æ òâàðèíàìè îáîõ ãðóï. Äîñòîâ-
³ðíèì áóëî çìåíøåííÿ ïîêàçíèê³â ô³çè÷íîãî ðîçâèòêó çà âèì³ðàìè ìàñè òà äîâæèíè ò³ëà ïîð³âíÿíî ç
êîíòðîëüíèìè çíà÷åííÿìè. Òàêèì ÷èíîì, çðîáëåí³ âèñíîâêè óçãîäæóþòüñÿ ç êîíöåïö³ºþ äîâãîñòðîêî-
âèõ íàñë³äê³â ä³¿ ÏÃÑ íà ïîêàçíèêè ô³çè÷íîãî ðîçâèòêó òà ìîðôîìåòð³þ çîáíî¿ çàëîçè.
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Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ì. Äàíèëà Ãàëèöüêîãî
yelisol@gmail.com; khrystyna_semen@yahoo.com

²íòåðâàëüíå ã³ïîêñè÷íå òðåíóâàííÿ (²ÃÒ), ÿêå ïåðåäáà÷àº ïîâòîðþâàí³ ïåðåõîäè â³ä ã³ïîêñ³¿ äî íîð-
ìîêñ³¿, øèðîêî âèêîðèñòîâóºòüñÿ â ë³êóâàíí³ òà ïðîô³ëàêòèö³ ð³çíèõ çàõâîðþâàíü. Ìåõàí³çì ä³¿ ²ÃÒ
ðåàë³çóºòüñÿ ÷åðåç çá³ëüøåííÿ ïîòîêó àêòèâíèõ ôîðì êèñíþ, ïåðåâàæíî ñóïåðîêñèäó òà ïåðåêèñó âîä-
íþ, ùî ñïðè÷èíþº ï³äâèùåííÿ àêòèâíîñò³ àíòèîêñèäàíòî¿ ñèñòåìè òà ðåçèñòåíòíîñò³ äî îêèñíîãî ñòðå-
ñó. Çã³äíî ç ñó÷àñíèìè äàíèìè, ö³ çì³íè â³äîáðàæàþòüñÿ íà âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó (ÂÑÐ), ùî
ìîæå âèêîðèñòîâóâàòèñÿ  ÿê ³íòåãðàëüíèé, íå³íâàçèâíèé ìåòîä îö³íêè ðåàêö³¿-â³äïîâ³ä³ îðãàí³çìó. Ìå-
òîþ íàøî¿ ðîáîòè áóëî îö³íèòè åôåêòèâí³ñòü ²ÃÒ ó êîìïëåêñíîìó ë³êóâàíí³ âèðàçêîâî¿ õâîðîáè äâàíàä-
öÿòèïàëî¿ êèøêè (ÂÕ ÄÏÊ), àñîö³éîâàíî¿ ç H.pylori, çà äèíàì³êîþ ïîêàçíèê³â àåðîáíîãî ìåòàáîë³çìó òà
ÂÑÐ. Áóëî îáñòåæåíî 77 õâîðèõ íà ÂÕ ÄÏÊ, àñîö³éîâàíî¿ ç H.pylori, ñåðåäí³é â³ê 32±1,8 ðîê³â, òðè-
âàë³ñòü çàõâîðþâàííÿ ïåðåâàæíî äî 10 ðîê³â (66,3%).  Ï³ñëÿ ïðîâåäåííÿ ñòàíäàðòíî¿ åðàäèêàö³éíî¿
òåðàï³¿ ïàö³ºíò³â áóëî ïîä³ëåíî íà äâ³ ãðóïè: õâîðèì äîñë³äíî¿ ãðóïè ²ÃÒ ìîäóëþâàëè çà äîïîìîãîþ
ã³ïîêñèêàòîðà ÒÄÈ-01 (àïàðàò Ôðîëîâà) ïðîòÿãîì 30 äí³â, 5-6 ðàç³â íà òèæäåíü. Ðåæèì äèõàííÿ ïåðåä-
áà÷àâ  òðè îäíîõâèëèíí³ öèêëè, äâîõâèëèííèé òà òðèõâèëèííèé öèêë ³ç îäíîõâèëèííèìè ïåðåðâàìè
äèõàííÿ àòìîñôåðíèì ïîâ³òðÿì. Çàñòîñóâàííÿ ²ÃÒ çàáåçïå÷èëî åôåêòèâí³øó åë³ì³íàö³þ êë³í³÷íèõ ñèì-
ïòîì³â, ã³ñòîëîã³÷íèõ îçíàê çàïàëåííÿ òà ïðîÿâ³â îêèñíîãî ñòðåñó â ãëàíäóëîöèòàõ ñëèçîâî¿ îáîëîíêè
(ÑÎ) çà ð³âíåì íàêîïè÷åííÿ ìàðêåðà îêèñíîãî ñòðåñó 4-ã³äðîêñèíîíåíàëþ ÷åðåç îäèí ì³ñÿöü. Àíàë³ç
ïîêàçíèê³â àåðîáíîãî ìåòàáîë³çìó ó êðîâ³ ïàö³ºíò³â ïîêàçàâ ôîðìóâàííÿ ïîì³ðíî¿ ïðîîêñèäàíòíî¿ ñè-
òóàö³¿ (ï³äâèùåííÿ âì³ñòó ìàëîíîâîãî ä³àëüäåã³äó ³ îêèñíîìîäèô³êîâàíèõ á³ëê³â, íîðìàë³çàö³ÿ ã³äðî-
ïåðîêñèä³â, ñåðåäíüîìîëåêóëÿðíèõ ïåïòèä³â, îáìåæåííÿ çðîñòàííÿ àòåðîãåííèõ β-ë³ïîïðîòå¿í³â, ï³äâèùåí-
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íÿ àêòèâíîñò³ êàòàëàçè, çíèæåííÿ àêòèâíîñò³ ñóïåðîêñèääèñìóòàçè), ùî º íåîáõ³äíîþ óìîâîþ åôåêòèâíî¿
êîðåêö³¿ îêèñíîãî ñòðåñó. Äîñë³äæåííÿ ÂÑÐ ïîêàçàëî çíà÷íå çíèæåííÿ ÷àñîâèõ ³ ñïåêòðàëüíèõ ïàðàìåòð³â,
ùî ñâ³ä÷èòü ïðî íåäîñòàòíþ àêòèâí³ñòü àâòîíîìíî¿ íåðâîâî¿ ñèñòåìè ³ çíèæåíèé àäàïòàö³éíèé ïîòåíö³àë
îðãàí³çìó õâîðèõ. Âïëèâ ²ÃÒ ó õâîðèõ ³ç âèõ³äíîþ íèçüêîþ ñïåêòðàëüíîþ ïîòóæí³ñòþ (ÒÐ<1500 ìñ2)
ïîïåðåäæóº ïîäàëüøå çíèæåííÿ ÂÑÐ âíàñë³äîê çðîñòàííÿ àêòèâíîñò³ ïàðàñèìïàòè÷íèõ âïëèâ³â (HF íà 82%,
Ð<0,05). Ó ïàö³ºíò³â ³ç âèõ³äíîþ âèñîêîþ ÒÐ>1500 ìñ2 âïëèâ ²ÃÒ ñóïðîâîäæóºòüñÿ íåçíà÷íèì çíèæåííÿì
ÒÐ (íà 33,5%) ç îäíî÷àñíîþ îïòèì³çàö³ºþ âíóòð³øíüî¿ ñòðóêòóðè ñïåêòðà, òåíäåíö³ºþ äî íîðìàë³çàö³¿ àâòî-
íîìíîãî áàëàíñó ³ çíÿòòÿì íàïðóæåííÿ íåéðîãóìîðàëüíî¿ ðåãóëÿö³¿ (çíèæåííÿ VLF-êîëèâàíü íà 58,7%), ùî
ñâ³ä÷èòü ïðî çäàòí³ñòü ²ÃÒ ìîäóëþâàòè àâòîíîìíèé ãîìåîñòàç. Ïðîâåäåííÿ ³íäèâ³äóàëüíî äîçîâàíîãî ã³ïîê-
ñè÷íîãî òåñòó, êîíòðîëüîâàíîãî çà çäàòí³ñòþ îðãàí³çìó ï³äòðèìóâàòè SaO2 ó ã³ïîêñè÷íèõ óìîâàõ òà ïàðàìåò-
ðàìè ÂÑÐ, ïðîäåìîíñòðóâàëî ï³äâèùåííÿ ñò³éêîñò³ îðãàí³çìó äî ã³ïîêñ³¿ òà ï³äâèùåííÿ ôóíêö³îíàëüíî-ìåòà-
áîë³÷íîãî ðåçåðâó ó õâîðèõ, ÿê³ ó ï³ñëÿåðàäèêàö³éíîìó ïåð³îä³ çàñòîñîâóâàëè ²ÃÒ.

Ó×ÀÑÒÜ ÌÅËÀÒÎÍ²ÍÅÐÃ²×ÍÎ¯ ÑÈÑÒÅÌÈ ÎÐÃÀÍ²ÇÌÓ Â ÌÅÕÀÍ²ÇÌÀÕ ÍÅÃÀÉÍÎ¯
ÀÄÀÏÒÀÖ²¯ ÄÎ ÃÎÑÒÐÎ¯ Ã²ÏÎÊÑ²¯

². ². Çàìîðñüêèé, ². Þ. Ñîïîâà

Áóêîâèíñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò, ×åðí³âö³

Â åêñïåðèìåíòàõ íà ñòàòåâîçð³ëèõ ñàìöÿõ á³ëèõ ùóð³â äîñë³äæåíî ó÷àñòü ìåëàòîí³íåðã³÷íî¿ ñèñòåìè ó
íåãàéí³é àäàïòàö³¿ äî âïëèâó ãîñòðî¿ ã³ïîáàðè÷íî¿ ã³ïîêñ³¿, ùî åêâ³âàëåíòíà âèñîò³ 12000 ì. Ãîðìîíè
ï³íåàëüíî¿ çàëîçè, öåíòðàëüíî¿ ëàíêè ìåëàòîí³íåðã³÷íî¿ ñèñòåìè îðãàí³çìó ìåëàòîí³í ³ ïåïòèäíèé ïðåïà-
ðàò åï³òàëàì³í ââîäèëè çà 30 õâ äî ìîäåëþâàííÿ ãîñòðî¿ ã³ïîêñ³¿ ó äîçàõ 1,0 òà 2,5 ìã/êã â³äïîâ³äíî.
×óòëèâ³ñòü òâàðèí äî ã³ïîêñ³¿ îö³íþâàëè çà ïîêàçíèêàìè âèæèâàííÿ òâàðèí íà «âèñîòíîìó ïëàòî», ³íòåí-
ñèâí³ñòþ á³ëêîâî¿ òà ë³ï³äíî¿ ïåðîêñèäàö³¿ ó ñòðóêòóðàõ ïåðåäíüîãî ìîçêó òà ïëàçì³ êðîâ³, íåéðîíàëü-
íèì âì³ñòîì öèêë³÷íèõ íóêëåîòèä³â ³ ñòàíîì àíòèîêñèäàíòíîãî çàõèñòó â íàéá³ëüø óðàçëèâèõ äî ä³¿
ã³ïîêñ³¿ ñòðóêòóðàõ ãîëîâíîãî ìîçêó (ôðîíòàëüíà êîðà, ã³ïîêàìï, áàçàëüí³ ãàíãë³¿), à òàêîæ çà âì³ñòîì
ïðî- òà àíòèñòðåñîâèõ ãîðìîí³â (êîðòèêîñòåðîí ³ ïðîëàêòèí) ó ïëàçì³ êðîâ³. Äîñë³äæåííÿ ïðîâåäåí³
÷åðåç 30 õâ ï³ñëÿ ìîäåëþâàííÿ ãîñòðî¿ ã³ïîêñ³¿. Ïðè öüîìó îäíî÷àñíî âðàõîâóâàëàñü ðåàêö³ÿ ï³íåàëüíî¿
çàëîçè íà âïëèâ ãîñòðî¿ ã³ïîêñ³¿ çà ï³íåàëüíèì âì³ñòîì öèêë³÷íèõ íóêëåîòèä³â. Âñòàíîâëåíî, ùî ìåëà-
òîí³íåðã³÷íà ñèñòåìà çàéìàº âàæëèâå ì³ñöå â ñèñòåì³ àíòèã³ïîêñè÷íîãî çàõèñòó îðãàí³çìó, çàáåçïå÷óþ-
÷è òàêèé çàõèñò çàëåæíî â³ä òðèâàëîñò³ ôîòîïåð³îäó. Òàê, ìåëàòîí³í çá³ëüøóº òðèâàë³ñòü æèòòÿ ùóð³â
ïðè ãîñòð³é ã³ïîáàðè÷í³é ã³ïîêñ³¿ òà îáìåæóº ïðîÿâè ñòðåñîðíèõ ðåàêö³é íà ãîñòðó ã³ïîêñ³þ, íîðìàë³çó-
þ÷è âì³ñò öèêë³÷íèõ íóêëåîòèä³â ³ ñåðîòîí³íó â ñòðóêòóðàõ ïåðåäíüîãî ìîçêó ùóð³â, ìîäåëþþ÷è íåé-
ðîåíäîêðèíí³ ìåõàí³çìè àäàïòàö³¿ äî ã³ïîêñ³¿, óñóâàþ÷è ³íàêòèâàö³þ êëþ÷îâîãî ôåðìåíòó íåéðîí³â
Na+, Ê+-ÀÒÔàçè, ïðîòèä³þ÷è ïîñëàáëåííþ àíòèîêñèäàíòíîãî çàõèñòó â îðãàí³çì³ òà ïîïåðåäæàþ÷è ³íòåí-
ñèô³êàö³þ ïåðîêñèäíîãî îêèñíåííÿ ë³ï³ä³â, îñîáëèâî ïðè ïîñò³éí³é òåìðÿâ³. Ïðè öüîìó âèÿâëåíî ñòè-
ìóëþâààëüíèé âïëèâ ìåëàòîí³íó íà àêòèâí³ñòü 5´-íóêëåîòèäàçè ³, â³äïîâ³äíî, íà óòâîðåííÿ àäåíîçèíó â
îêðåìèõ ñòðóêòóðàõ ïåðåäíüîãî ìîçêó çà óìîâ ãîñòðî¿ ã³ïîêñ³¿ òà (àáî) ïîñò³éíî¿ òåìðÿâè. Âîäíî÷àñ
ï³ñëÿ âïëèâó ãîñòðî¿ ã³ïîêñ³¿ âèíèêàº ï³äâèùåííÿ ï³íåàëüíîãî âì³ñòó öèêë³÷íèõ íóêëåîòèä³â, ùî âêàçóº
íà ôóíêö³îíàëüíó àêòèâàö³þ ï³íåàëîöèò³â. Êð³ì òîãî, ââåäåííÿ àíòèàäðåíåðã³÷íèõ ðå÷îâèí çìåíøóº
ï³íåàëüíèé âì³ñò öèêë³÷íèõ íóêëåîòèä³â, ùî ï³äêðåñëþº ó÷àñòü íåàäðåíåðã³÷íèõ ìåõàí³çì³â ó ôóíêö³î-
íàëüí³é àêòèâàö³¿ ï³íåàëîöèò³â çà óìîâ ãîñòðî¿ ã³ïîêñ³¿.
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ÑÒÀÍ ÎÊÈÑÍÅÍÍß ² ÔÎÑÔÎÐÈËÞÂÀÍÍß Â ÎÐÃÀÍÀÕ ÙÓÐ²Â Ï²ÑËß
ÂÍÓÒÐ²ØÍÜÎÎ×ÅÐÅÂÈÍÍÎÃÎ ÂÂÅÄÅÍÍß ÄÅßÊÈÕ Â²ÒÀÌ²Í²Â

Ç. Å. Çàõàð³ºâà, À. Â. Ñîðîê³í

Îäåñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. ².². Ìå÷íèêîâà

Ó ïðîöåñàõ àäàïòàö³¿ îðãàí³çì³â äî ä³¿ íåñïðèÿòëèâèõ ÷èííèê³â ó òîìó ÷èñë³ ³ ïðè ïàòîëîã³ÿõ, âàæëèâó ðîëü
â³ä³ãðàþòü â³òàì³íè. Çàâäÿêè êîôåðìåíòíî¿ ³ íåêîôåðìåíòíî¿ ä³¿, âîíè áåðóòü ó÷àòü ó ðåãóëÿö³¿ øâèäêîñò³, íàïðàâ-
ëåííîñò³ ³ óçãîäæåíîñò³ ïðîöåñ³â àíàåðîáíîãî îêèñíåííÿ âóãëåâîä³â ç îáì³íîì ë³ï³ä³â ³ á³ëê³â. Îñê³ëüêè á³ëüø³ñòü
â³òàì³í³â º êîôåðìåíòàìè ð³çíèõ êëàñ³â ôåðìåíò³â, òî ââåäåííÿ â îðãàí³çì òîãî àáî ³íøîãî â³òàì³íó çì³íþº àê-
òèâí³ñòü â³äïîâ³äíèõ ôåðìåíò³â, ùî ïðèçâîäèòü ÿê äî çì³íè åíåðãåòèêè êë³òèíè (ñï³ââ³äíîøåííÿ ÀÒÔ/ÀÄÔ), òàê
³ äî çì³íè îêèñíî-â³äíîâíèõ ïðîöåñ³â (ñï³ââ³äíîøåííÿ ÍÀÄ/ÍÀÄÍ). Ó íàø³é ðîáîò³ âèâ÷àëè âïëèâ âíóòð³øíüî-
î÷åðåâèííîãî ââåäåííÿ îêðåìèõ â³òàì³í³â Â1, Â6, Ñ ³ ë³ïîºâî¿ êèñëîòè â äîç³ 100 ìêìîëü/ë/100 ã íà âì³ñò çàãàëü-
íèõ íåîðãàí³÷íèõ ôîñôàò³â ³ îðãàí³÷íèõ ôîñôàò³â; íà âì³ñò ïðîì³æíèõ ôîñôîðèëüîâàíèõ ìåòàáîë³ò³â ãë³êîë³çó �
ôîñôîòð³îç ³ ôîñôîãåêñîç; íà àêòèâí³ñòü ÏÄÃ, 2-ÎÃÄÃ, ËÄÃ ³ ÀÄÃ, âèêîðèñòàííÿ åêçîãåííîãî ÍÀÄ ³ ÍÀÄÍ
ñóáêë³òèííèìè ôðàêö³ÿìè ð³çíèõ îðãàí³â. Ó åêñïåðèìåíò³ âèêîðèñòîâóâàëè ùóð³â ìàñîþ 180�200 ã. Ï³ñëÿ âíóò-
ð³øíüîî÷åðåâèííîãî ââåäåííÿ êîæíîãî â³òàì³íó ÷åðåç 4 ³ 24 ãîä äëÿ äîñë³äæåííÿ â³äáèðàëè ïå÷³íêó, íèðêè,
ãîëîâíèé ìîçîê, ñåðöåâèé ì�ÿç ³ ãîòóâàëè ãîìîãåíàòè. Ñóáêë³òèíí³ ôðàêö³¿ îäåðæóâàëè ìåòîäîì äèôåðåí-
ö³éîâàííîãî öåíòðèôóãóâàííÿ. Âì³ñò ³ àêòèâí³ñòü ôåðìåíò³â âèçíà÷àëè çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè. Âèêîðè-
ñòàííÿ åêçîãåííîãî ÍÀÄ ³ ÍÀÄÍ ðåºñòðóâàëè ñïåêòðîôîòîìåòðè÷íî. Îäåðæàí³ íàìè ðåçóëüòàòè ñâ³ä÷àòü, ùî
â³òàì³íè, ÿê³ âèâ÷àþòüñÿ, íåîäíàêîâî âïëèâàþòü íà âì³ñò ð³çíèõ ôîðì ôîñôàò³â, íà âì³ñò ôîñôîãåêñîç ³ ôîñôîò-
ð³îç, íà àêòèâí³ñòü ôåðìåíò³â, ùî âèâ÷àþòüñÿ, à òàê ñàìî íà âèêîðèñòàííÿ ÍÀÄ ³ ÍÀÄÍ. Â³òàì³íè Â1, Ñ ³ ë³ïîºâà
êèñëîòà ñòèìóëþþòü ÿê îêèñíåííÿ, òàê ³ ôîñôîðèëþâàííÿ, à Â6 àêòèâóº ËÄÃ ³ ÀÄÃ. Òàêèì ÷èíîì íàø³ åêñïåðè-
ìåíòàëüí³ ðåçóëüòàòè âêàçóþòü íà òå, ùî íåîäíîçíà÷íèé âïëèâ  âíóòð³øíüîî÷åðåâèííîãî ââåäåííÿ â³òàì³í³â Â1, Â6,
Ñ ³ ë³ïîºâî¿ êèñëîòè íà åíåðãåòèêó êë³òèíè, ¿¿ îêèñíî-â³äíîâíèé ïîòåíö³àë, çóìîâëåíî ÿê ïðÿìîþ, òàê ³ îïîñåðåä-
êîâàíîþ ä³ºþ êîæíîãî ç â³òàì³í³â.

ÀÄÀÏÒÀÖ²ÉÍ² ÌÎÆËÈÂÎÑÒ² ÙÓÐ²Â Ç Ð²ÇÍÎÞ ÐÅÇÈÑÒÅÍÒÍ²ÑÒÞ ÄÎ Ã²ÏÎÊÑ²¯
ÇÀ ÓÌÎÂ ÂÏËÈÂÓ ÍÀ NO-ÅÐÃ²×ÍÓ ËÀÍÊÓ ÐÅÃÓËßÖ²¯

Î.Â. ²êêåðò, Ñ.Ê. Ãîðä³é, Ì.Î. Ãàëüê³â

Ëüâ³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. ²âàíà Ôðàíêà
ikkert@ukr.net

Íåñòà÷à êèñíþ àáî ã³ïîêñ³ÿ º ñòàíîì îðãàí³çìó, ÿêèé çóñòð³÷àºòüñÿ  äîñèòü ÷àñòî. Áóäü-ÿê³ åêñòðåìàëüí³
óìîâè, ÿê ³ ïàòîëîã³÷íèé ïðîöåñ, ïðÿìî àáî îïîñåðåäêîâàíî ïîâ�ÿçàí³ ç ïîðóøåííÿì êèñíåâîãî çàáåç-
ïå÷åííÿ îðãàí³çìó. Â ñâîþ ÷åðãó ã³ïîêñ³ÿ òà âèêëèêàí³ íåþ ìåòàáîë³÷í³ ïîðóøåííÿ âèñòóïàþòü âåäó÷è-
ìè ïàòîãåíåòè÷íèìè ôàêòîðàìè âñ³õ âàæêèõ óñêëàäíåíü. Ó êàñêàä³ ìåòàáîë³÷íèõ ïåðåòâîðåíü êë³òèíè
ïðè ã³ïîêñ³¿ öåíòðàëüíîþ ëàíêîþ º àåðîáíèé åíåðãåòè÷íèé îáì³í. Òîìó äëÿ çàõèñòó îðãàí³çìó â³ä íå-
ñòà÷³ êèñíþ íà ïåðøå ì³ñöå âèõîäèòü ïðîáëåìà êîðåêö³¿ ôóíêö³é ì³òîõîíäð³é ³ óïåðåäæåííÿ ðîçâèòêó
á³îåíåðãåòè÷íî¿ ã³ïîêñ³¿. Â³äîìî, ùî îêñèä àçîòó (NO) â³ä³ãðàº âàæëèâó ðîëü ó ðîçâèòêó ã³ïîêñè÷íèõ
ÿâèù ó êë³òèí³ òà âîäíî÷àñ º âàæëèâèì ô³ç³îëîã³÷íèì ðåãóëÿòîðîì ôóíêö³é îðãàí³çìó ³ ìåòàáîë³çìó
êë³òèí. Ä³ÿ ö³º¿ NO-åðã³÷íî¿ ñèñòåìè çàñíîâàíà íà çäàòíîñò³ âèêëèêàòè àêòèâàö³þ îñíîâíèõ ëàíîê ñòðåñ-
ðåàêö³¿ ³ ï³äâèùóâàòè àêòèâí³ñòü åíäîãåííèõ çàõèñíèõ ñèñòåì îðãàí³çìó. Ïîêàçàíî, ùî ô³ç³îëîã³÷íà
àêòèâàö³ÿ ö³º¿ ëàíêè ðåãóëÿö³¿ ïðè ââåäåíí³ äîíîð³â ãðóï îêñèäó àçîòó ó áàãàòüîõ âèïàäêàõ çàáåçïå÷óº
åôåêòèâíèé çàõèñò â³ä ñòðåñîðíèõ óøêîäæåíü ³ ï³äâèùóº àäàïòàö³éí³ ìîæëèâîñò³ îðãàí³çìó. Îäíàê
çäàòí³ñòü âèñîêî- (ÂÐ) ³ íèçüêîðåçèñòåíòíèõ (ÍÐ) äî ã³ïîêñ³¿ òâàðèí ðåàãóâàòè íà àíàëîã³÷í³ ñòðåñîðí³
óøêîäæåííÿ íåîäíîçíà÷íà ³ íåäîñòàòíüî âèñâ³òëåíà ó ë³òåðàòóð³. Íàø³ äîñë³äæåííÿ ïîêàçàëè, ùî çì³íà
àêòèâíîñò³ NO-åðã³÷íî¿ ëàíêè ðåãóëÿö³¿ ïðèçâîäèòü äî çì³í ó ôóíêö³îíóâàíí³ ö³ëîãî îðãàí³çìó. Ââåäåí-

Ô²Ç²ÎËÎÃ²ß ÄÈÕÀÍÍß



ISSN 0201-8489    Ô³ç³îë. æóðí., 2010, Ò. 56, ¹ 2162

íÿ ïîïåðåäíèêà á³îñèíòåçó îêñèäó àçîòó L-àðã³í³íó ï³äâèùóº çäàòí³ñòü ÍÐ äî ïåðåíåñåííÿ ô³çè÷íèõ
íàâàíòàæåíü äî ð³âíÿ ÂÐ. Ïðè öüîìó àêòèâóºòüñÿ ñèñòåìà àíòèîêñèäàíòíîãî çàõèñòó (ÀÎÇ), à ñàìå ¿¿
ãëóòàò³îíîâà ëàíêà. Ïðîòå íàø³ äîñë³äæåííÿ çàñâ³ä÷èëè íåîäíàêîâó ¿¿ ÷óòëèâ³ñòü äî NO-åðã³÷íî¿ ëàíêè
ðåãóëÿö³¿. Ââåäåííÿ L-àðã³í³íó ïðèçâîäèëî äî ï³äâèùåííÿ àêòèâíîñò³ ãëóòàò³îíïåðîêñèäàçè (ÃÏ) ³ ãëóòà-
ò³îíðåäóêòàçè (ÃÐ) ó ÂÐ, à ââåäåííÿ áëîêàòîðà äî çðîñòàííÿ ÃÏ òà ÃÐ ó ÍÐ. Ùî ñòîñóºòüñÿ ïðîöåñ³â
ÏÎË, ÿê³ ìè îö³íþâàëè çà íàãðîìàäæåííÿì ä³º íîâèõ êîí�þãàò³â ³ ìàëîíîâîãî ä³àëüäåã³äó, òî ââåäåííÿ
L-àðã³í³íó ïðèçâîäèëî äî ¿õ çíèæåííÿ â îáîõ ãðóïàõ òâàðèí, à ââåäåííÿ áëîêàòîðà ñèíòàçè îêñèäó
àçîòó L-NNA í³âåëþâàëî ö³ åôåêòè. Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçóþòü, ùî NO ìîæå âèñòóïàòè îäíèì
ç îñíîâíèõ ðåãóëÿòîð³â ñèñòåìè ÀÎÇ ³ îáìåæóâàòè ïîøêîäæóâàëüíèé åôåêò àêòèâíèõ ôîðì êèñíþ. L-
àðã³í³í, ÿê ïîïåðåäíèê á³îñèíòåçó NO, çäàòíèé â³ä³ãðàâàòè çàõèñíó ðîëü ó ð³çíîìàí³òíèõ ïàòîëîã³ÿõ
(ïîøêîäæåííÿõ), ïîâ�ÿçàíèõ ç ã³ïîêñ³éíèì ÷èííèêîì.

ÔÓÍÊÖ²ÎÍÀËÜÍ² ÇÌ²ÍÈ Ê²ÍÅÒÈÊÈ ÊÈÑÍÅÂÎÃÎ ÃÎÌÅÎÑÒÀÇÓ Ï²ÑËß
²ÍÒÅÐÂÀËÜÍÎÃÎ Ã²ÏÎÊÑÈ×ÍÎÃÎ ÒÐÅÍÓÂÀÍÍß

Ë.². Êîáèë³íñüêà

Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ì. Äàíèëà Ãàëèöüêîãî

Îá�ºêòèâíà îö³íêà àäàïòèâíèõ ìîæëèâîñòåé îðãàí³çìó òà ¿õ êîðåêö³¿ º âàæëèâîþ äëÿ ä³àãíîñòèêè ³
ïðîãíîçóâàííÿ çàõâîðþâàíü, ¿õ íåñïåöèô³÷íî¿ ïðîô³ëàêòèêè ³ òåðàï³¿. Îäíèì ³ç ñïîñîá³â ï³äâèùåííÿ
íåñïåöèô³÷íî¿ ðåçèñòåíòíîñò³ îðãàí³çìó º àäàïòàö³ÿ äî ã³ïîêñ³¿. Ó ïðàêòèêó êë³í³÷íî¿ ìåäèöèíè ïî÷àâ
âïðîâàäæóâàòèñÿ ìåòîä áàãàòîðàçîâî¿ àêòèâàö³¿ àäàïòàö³éíèõ ìåõàí³çì³â îðãàí³çìó ëþäèíè ³íòåðâàëü-
íèì ã³ïîêñè÷íèì òðåíóâàííÿì (²ÃÒ). Äëÿ âèÿâëåííÿ ìåõàí³çì³â àäàïòàö³¿ îðãàí³çìó äî ã³ïîêñ³¿ íåîáõ³ä-
íèìè º äèíàì³÷í³ äîñë³äæåííÿ êèñíåâîãî çàáåçïå÷åííÿ îðãàí³çìó. Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî
âèÿâèòè çàêîíîì³ðíîñò³ àäàïòàö³éíî-êîìïåíñàòîðíî¿ ðåàêö³¿-â³äïîâ³ä³ îðãàí³çìó íà ²ÃÒ çà äîïîìîãîþ
òåñòó, ÿêèé âêëþ÷àº ã³ïîêñè÷íå íàâàíòàæåííÿ ó çàêðèò³é ñèñòåì³ çâîðîòíîãî äèõàííÿ îá�ºìîì 3 ë.
Êðèòåð³ÿìè áóëè ôóíêö³îíàëüí³ ïîêàçíèêè, ÿê³ â³äîáðàæàþòü ïîñòà÷àííÿ ³ âèêîðèñòàííÿ êèñíþ ó êðîâ³
òà òêàíèíàõ: íàñè÷åííÿ ãåìîãëîá³íó êèñíåì ó êðîâ³ (Sao2), ÷àñòîòà ñåðöåâèõ ñêîðî÷åíü (×ÑÑ) òà ñóìàð-
íå íàïðóæåííÿ êèñíþ ó òêàíèíàõ (pO2

). Ïðàêòè÷íî çäîðîâ³ îñ³áè ïðîõîäèëè êóðñ ²ÃÒ âïðîäîâæ 10 äí³â
ç ÷àñòîòîþ 5 ñåàíñ³â íà äåíü ó öèêë³÷íî-ôðàêö³éíîìó ðåæèì³: äèõàííÿ ó çàêðèò³é ñèñòåì³ (äî çíèæåííÿ
Sao2 äî 92%) � äèõàííÿ àòìîñôåðíèì ïîâ³òðÿì (15 õâ). Âèÿâëåíî, ùî âíàñë³äîê ïîâòîðíèõ ñåàíñ³â
ã³ïîêñèòåðàï³¿ ó ïðàêòè÷íî çäîðîâèõ îñ³á çá³ëüøóºòüñÿ ÷àñ ã³ïîêñè÷íî¿ åêñïîçèö³¿ â 1,8 ðàçà. Ïîñòóïî-
âî çíèæóâàâñÿ ïî÷àòêîâèé ð³âåíü ×ÑÑ òà àìïë³òóäà ¿¿ ìàêñèìàëüíîãî çðîñòàííÿ ï³ä ÷àñ ã³ïîêñè÷íîãî
íàâàíòàæåííÿ íà òë³ çìåíøåííÿ ñòóïåíÿ çíèæåííÿ Sao2. Ìàêñèìàëüíå çíà÷åííÿ ×ÑÑ ó ïåð³îä ã³ïîêñè÷íî¿ ïðîáè
çíèçèëîñÿ íà 16%. Ñïîñòåð³ãàëàñÿ çì³íà Sao2 ï³ä ÷àñ ³ ï³ñëÿ ã³ïîêñè÷íîãî íàâàíòàæåííÿ. Ïðîñòåæóâàëàñÿ ñòàá³-
ë³çàö³ÿ çíèæåííÿ íàñè÷åííÿ êèñíþ ãåìîãëîá³íîì ó ã³ïîêñè÷íèõ óìîâàõ ï³ñëÿ êóðñó ²ÃÒ íà 42%, à â ïåð³îä
ðåîêñèãåíàö³¿ ï³äâèùåííÿ ó 3,2 ðàçà. ²ñòîòíå çíèæåííÿ ÷àñó ïîñòà÷àííÿ êèñíþ (íà 85%), à òàêîæ çá³ëüøåííÿ
øâèäêîñò³ â³äíîâëåííÿ ðo2 ó 2,2 ðàçà âêàçóþòü íà ï³äâèùåííÿ ïåðôóç³éíî-äèôóç³éíîãî ãðàä³ºíòà òðàíñïîðòó
êèñíþ. Ïðî íîðìàë³çàö³þ ôóíêö³¿ äèõàëüíèõ ôåðìåíò³â çà âïëèâó ²ÃÒ ñâ³ä÷èòü â³äíîâëåííÿ øâèäêîñò³ ñïîæèâàí-
íÿ êèñíþ (çíèæåííÿ Sao2 íà 82%), ïðî ï³äâèùåííÿ ôóíêö³îíàëüíèõ ðåçåðâ³â � çá³ëüøåííÿ êðèòè÷íî¿ êîíöåíòðàö³¿
êèñíþ â ³íòåðñòèö³àëüíîìó ïðîñòîð³. Îòðèìàí³ ðåçóëüòàòè äàëè çìîãó çðîáèòè âèñíîâîê, ùî ²ÃÒ ñïðèÿëî îïòèì-
³çàö³¿ ê³íåòèêè êèñíåâîãî ãîìåîñòàçó â óñ³õ îáñòåæóâàíèõ, ùî çóìîâëåíå àêòèâàö³ºþ êèñíåòðàíñïîðòíèõ ìå-
õàí³çì³â ³ ïðîöåñ³â òêàíèííîãî äèõàííÿ. Òàêèì ÷èíîì, åêçîãåííèé ã³ïîêñè÷íèé ñòèìóë â ³íòåðâàëüíîìó ðåæèì³
ìîæíà ââàæàòè åôåêòèâíèì ôàêòîðîì íåìåäèêàìåíòîçíîãî âïëèâó íà òêàíèííå äèõàííÿ.
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Â³äîìî, ùî êîðîòêî÷àñîâ³ ä³¿ çíèæåíîãî ïîñòà÷àííÿ íåéðîí³â êèñíåì âèêëèêàþòü ïåðåáóäîâó ¿õ ìåòàáîë³çìó òà
çäàòí³ çá³ëüøóâàòè ðåçèñòåíòí³ñòü íåðâîâî¿ òêàíèíè äî íàñòóïíèõ åï³çîä³â âàæêî¿ òà òðèâàëî¿ ³øåì³¿. Îäíàê ¿õ âïëèâ
íà ôóíêö³îíàëüíèé ñòàí ³ ïîñò³øåì³÷íó â³äñòðî÷åíó çàãèáåëü íåéðîí³â ã³ïîêàìïà in vivo ùå íåäîñòàòíüî äîñë³äæå-
íèé. Ìåòîþ íàøî¿ ðîáîòè áóëî âèâ÷åííÿ âïëèâó òðèâàëèõ ã³ïîêñè÷íèõ òðåíóâàíü íà ìîðôîôóíêö³îíàëüíèé ñòàí
íåéðîí³â â çîí³ ÑÀ1 ã³ïîêàìïà (âèá³ðêîâî ÷óòëèâèõ äî íåñòà÷³ êèñíþ òà ãëþêîçè) ó ï³ùàíîê ìîíãîëüñüêèõ ç ³øåì³-
÷íèì óðàæåííÿì ìîçêó. Ã³ïîêñè÷í³ òðåíóâàííÿ ïðîâîäèëè ³ç çàñòîñóâàííÿì íîðìîáàðè÷íèõ ã³ïîêñè÷íèõ ãàçîâèõ
ñóì³øåé (10% Î2 â N2) 5 ðàç³â ç 5-õâèëèííèì ³íòåðâàëîì. Òàêèé ðåæèì ã³ïîêñè÷íèõ òðåíóâàíü ïðîâîäèëè ðàç íà
äîáó ïðîòÿãîì 21 äîáè. Ïîò³ì ó òâàðèí ìîäåëþâàëè ãëîáàëüíó ³øåì³þ îêëþç³ºþ îáîõ çàãàëüíèõ ñîííèõ àðòåð³é ç
íàñòóïíîþ ðåïåðôóç³ºþ ïðîòÿãîì 7 ä³á. Àíàë³çóâàëè ëîêîìîòîðíó àêòèâí³ñòü òâàðèí ó òåñò³ «â³äêðèòîãî ïîëÿ»,
êîòðèé ïðîâîäèëè äî òà ÷åðåç äîáó ï³ñëÿ ³øåì³¿. Äëÿ äîñë³äæåíü âèêîðèñòîâóâàëè ã³ñòîëîã³÷í³, ³ìóíîöèòîõ³ì³÷í³
ìåòîäè òà ìîðôîìåòðè÷íèé àíàë³ç íåéðîí³â çîíè ÑÀ1 ã³ïîêàìïà. Âñòàíîâëåíî, ùî íà 7-ìó äîáó ï³ñëÿ 7-õâèëèííî¿
îêëþç³¿ ñîííèõ àðòåð³é â³äáóâàëàñÿ â³äñòðî÷åíà çàãèáåëü â³ä 80 äî 90% íåéðîí³â ó çîí³ ÑÀ1 ã³ïîêàìïà. Ó ðàç³
çàñòîñóâàííÿ ã³ïîêñè÷íèõ ³íòåðâàëüíèõ òðåíóâàíü ïðè íàñòóïíîìó ³øåì³÷íîìó âïëèâ³ çàãèáåëü íåéðîí³â çìåíøóâà-
ëàñÿ äî 60 %, òîáòî âèÿâëÿëàñÿ ïðîòåêö³ÿ 20% ï³ðàì³äàëüíèõ íåéðîí³â. Ã³ïîêñè÷í³ òðåíóâàííÿ çìåíøóâàëè òàêîæ
ëîêîìîòîðíó ã³ïåðàêòèâí³ñòü, âèêëèêàíó ³øåì³÷íèì óøêîäæåííÿì ìîçêó. Âèêîðèñòàíà ìîäåëü ã³ïîêñè÷íèõ òðåíó-
âàíü, î÷åâèäíî, ³íäóêóº äîâãîñòðîêîâ³ ìåõàí³çìè òîëåðàíòíîñò³ íåéðîí³â, ÿê³ âêëþ÷àþòü â ñåáå åêñïðåñ³þ ðàíí³õ
ãåí³â, à òàêîæ çá³ëüøóº ñèíòåç ðåãóëÿòîðíèõ á³ëê³â ³ ïåïòèä³â. Îäåðæàí³ ðåçóëüòàòè äàþòü çìîãó ïðèïóñòèòè, ùî çà
óìîâ ïðåêîíäèö³þþ÷îãî âïëèâó äîñòàòíüî¿ ñèëè åíäîãåííèé íåéðîïðîòåêòîðíèé åôåêò çìåíøóº õàðàêòåðíó äëÿ
òÿæêèõ ôîðì ã³ïîêñ³¿ ãëóòàìàòíó íåéðîòîêñè÷í³ñòü, ïåðåâàíòàæåííÿ êë³òèí êàëüö³ºì, à òàêîæ òîêñè÷íó ä³þ íàäëèø-
êó ïðîäóêò³â â³ëüíîðàäèêàëüíîãî îêèñíåííÿ, ïîïåðåäæóþ÷è òàêèì ÷èíîì çàãèáåëü ÷àñòèíè íåéðîí³â.

USEFULNESS OF SPIROMETRY AND BODY-PLETHYSMOGRAPHY IN DIAGNOSTIC
PROCEDURE OF LUNG EMPHYSEMA. WHY, WHEN PLETHYSMOGRAPHY IS MISSED,
THE LUNG MECHANIC ESTIMATION COULD BE INCOMPLETE?

Janusz Kowalski

Institute of Tuberculosis and Lung Diseases in Warsaw

One of an important diagnostic procedure of lung diseases is the estimation of lung function disturbances.
Modern electronic spirometers enable a precise analysis by the family doctor and if necessary, a quite
detailed examination by body plethysmography can be carried out, often in hospital. It is important to emphasize
that spirometry measurement as well as plethysmography analysis are two important, complementary, but
do not replaceable techniques. From clinical point of view, most frequent indications for lung ventilation
analysis are necessary in particular in patients with chronic obstructive lung disease, bronchial asthma, lung
emphysema, lung fibrosis, in heart diseases and during examination before thoracic surgery interventions.
Usually the ventilation disturbances are divided into two types: obstruction of the airways and/or restriction
of the lung volumes. But it is important to emphasize that for the correct lung function diagnosis more
important is to define of pathomechanisms involved in the pathological process. Only the comprehension of
the pathogenesis of the ventilation deficit gives us a guaranty of a correct diagnosis and therapy. Simple
spirometric analysis, gives us only initial information about the size of the lung (VC) This test Is insufficient
to inform us about the extent of emphysema. It is important to stress that the decrease of VC in patients with
COPD is not an effect of anatomical lung restriction but often a secondary effect of lung hyperinflation. The
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second important spirometric test is FEV1%FVC index, frequently used for estimation of airway obstruction.
And has often a limited value for emphysema diagnosis. The optimal procedure of functional diagnosis of
emphysema is estimation of functional residual capacity (FRC) and the calculation of TLC (total lung capacity)
and registration of airway resistance (Raw) which gives as a signal about the lumen of the bronchial tree.
Increase of FRC and slight increase of airway resistance are signals for lung emphysema, very often overtake
the clinical symptoms. Probably 40% of spirometry measurements taken by COPD patients should be
complimented be a secondary plethysmography .A single spirometry estimation very often leads to a false analysis of
lung mechanic disturbances and in consequence to the clinical diagnosis of lung overdistention typical in emphysema.
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Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ âïëèâó ³íòåðâàëüíîãî ã³ïîêñè÷íîãî òðåíóâàííÿ (²ÃÒ) òà îë³¿
àìàðàíòó íà ñïåöèô³÷í³ñòü àíòèîêñèäàíòíîãî çàõèñòó êðîâ³ òà òêàíèí, à òàêîæ óëüòðàñòðóêòóðè êë³òèí ³
òêàíèí ïå÷³íêè  â óìîâàõ ïîºäíàíî¿ ä³¿ ôòîðèñòî¿ ³íòîêñèêàö³¿ òà ìàëèõ äîç ðàä³àö³¿. Äîñë³äæåííÿ ïðîâå-
äåí³ íà á³ëèõ ùóðàõ-ñàìöÿõ ìàñîþ 190�220 ã, â ÿêèõ âèçíà÷àëè àêòèâí³ñòü ôåðìåíò³â àíòèîêñèäàíòíîãî
çàõèñòó (ÀÎÇ): ñóïåðîêñèääèñìóòàçè,  êàòàëàçè, ãëóòàò³îíïåðîêñèäàçè ó êðîâ³, òêàíèíàõ ïå÷³íêè òà
ñåðöÿ. Ïðîâîäèëè  åëåêòðîííî-ì³êðîñêîï³÷í³ äîñë³äæåííÿ ñòàíó ãåïàòîöèò³â. ²ÃÒ çä³éñíþâàëè â áàðî-
êàìåð³. Ïåðåðâà ì³æ ñåàíñàìè ã³ïîêñ³¿ � 15 õâ. Îäíî÷àñíî ïðîòÿãîì 10 äí³â ââîäèëè îë³þ àìàðàíòó â
äîç³ 38 ìã/êã. Êîìïëåêñíå çàñòîñóâàííÿ ²ÃÒ ³ îë³¿ àìàðàíòó ï³ñëÿ á³íàðíî¿ ä³¿ ôòîðèñòî¿ ³íòîêñèêàö³¿ òà
³îí³çóþ÷îãî âèïðîì³íþâàííÿ ñïðèÿëî çá³ëüøåííþ ïîòóæíîñò³ ÀÎÇ, çíèæåíî¿ ïðè ä³¿ åêñòðåìàëüíèõ
÷èííèê³â ó äîñë³äæóâàíèõ ñåðåäîâèùàõ. Òàê, ó òêàíèí³ ïå÷³íêè ï³äâèùèëàñÿ êàòàëàçíà àêòèâí³ñòü íà
58,8 %, ãëóòàò³îíïåðîêñèäàçíà � â 4,6 ðàçà. Â³äñòåæåíî òàêîæ çá³ëüøåííÿ  ñóïåðîêñèääèñìóòàçíî¿
àêòèâíîñò³ â 1,78 ðàçà, ãëóòàò³îíïåðîêñèäàçíî¿ � â 2,17 ðàçà ó òêàíèí³ ñåðöÿ. Ó êðîâ³ ïðîñòåæóºòüñÿ
â³ðîã³äíå, ñòîñîâíî á³íàðíî¿ ä³¿, çá³ëüøåííÿ àêòèâíîñò³ âñ³õ ëàíîê ôåðìåíòàòèâíî¿ àíòèîêñèäàíòíî¿ ñè-
ñòåìè. Âïîðÿäêîâàíå ³ ù³ëüíå ðîçì³ùåííÿ ã³ãàíòñüêèõ ì³òîõîíäð³é ³ åëåêòðîííî-ñâ³òëèõ ë³ïîïðîòå¿íî-
âèõ êðàïåëü, ïåðîêñèñîì ³ ãðàíóë ãë³êîãåíó â öèòîïëàçì³ ãåïàòîöèò³â ñâ³ä÷èòü ïðî íàðîñòàþ÷å çàëó÷åí-
íÿ ãë³êîãåíó ÿê ñóáñòðàòó â îáì³ííèõ ïðîöåñàõ, ïîâ�ÿçàíèõ ç ïåðîêñèñîìàìè òà ì³òîõîíäð³ÿìè, ³ òàêèì
÷èíîì çàáåçïå÷åííÿì åíåðãåòèêè êë³òèí â åêñòðåìàëüíèõ óìîâàõ, ùî ñïðÿìîâàíå íà â³äíîâëåííÿ ñòðóê-
òóðíî-ìåòàáîë³÷íèõ ïîðóøåíü ³ ï³äâèùåííÿ ðåçèñòåíòíîñò³ îðãàí³çìó. Ðîçâèòîê àäàïòàö³éíîãî ïðîöåñó
âèçíà÷àºòüñÿ òêàíèííîþ ñïåöèô³êîþ îáì³ííèõ ïðîöåñ³â. Êîðîòêîòðèâàë³ ÷åðãóâàííÿ ã³ïîêñ³¿ òà íîð-
ìîêñ³¿ ïðèçâîäÿòü  äî óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ, ÿê³ çàïóñêàþòü êàñêàä ðåäîêñ-ñèãíàë³çàö³¿
êë³òèíè, ³íäóêóþòü ôàêòîðè òðàíñêðèïö³¿, ùî ïðèçâîäèòü äî ñèíòåçó ïðîòåêòîðíèõ á³ëê³â, ñåðåä ÿêèõ
÷³ëüíå ì³ñöå çàéìàþòü àíòèîêñèäàíòè. Òàê çàáåçïå÷óþòüñÿ àäàïòàö³éí³  çì³íè íà ìîëåêóëÿðíî-êë³òèííîìó ð³âí³.

²ÍÔÎÐÌÀÖ²ÉÍÀ ÒÅÕÍÎËÎÃ²ß ÄËß ÀÍÀË²ÇÓ ÊÈÑÍÅÂÈÕ ÐÅÆÈÌ²Â Ì�ßÇÀ
ÒÀ ÔÀÊÒÎÐ²Â, ÙÎ ÉÎÃÎ ÂÈÇÍÀ×ÀÞÒÜ

Ê.Ã.Ëÿáàõ

Ì³æíàðîäíèé íàóêîâî-íàâ÷àëüíèé öåíòð ³íôîðìàö³éíèõ òåõíîëîã³é ÍÀÍ Óêðà¿íè Êè¿â

Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü òðèì³ðíî¿ äèôóç³¿ êèñíþ é îêñèäó àçîòó â ñêåëåòíîìó ì�ÿç³ ó ñïîêî¿ é
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ïðè ô³çè÷íîìó íàâàíòàæåíí³. Ìîäåëü îïèñóº êîíâåêòèâíå ïåðåíåñåííÿ êèñíþ é îêñèäó àçîòó (NO)
êðîâ�þ é äèôóç³þ ¿õ ó òêàíèí³, äå âîíè âçàºìîä³þòü ì³æ ñîáîþ, ùî ïðèâîäèòü äî çì³íè êîíöåíòðàö³¿ NO
ó òêàíèí³. Êèñåíü ó òêàíèí³ ñïîæèâàºòüñÿ ç³ øâèäê³ñòþ, ùî çàëåæèòü íå ò³ëüêè â³ä ð³âíÿ åíåðãåòè÷íèõ
âèòðàò, àëå é â³ä êîíöåíòðàö³¿ NO, òîìó ùî îñòàíí³é  ìîæå ÷àñòêîâî ³íã³áóâàòè òêàíèííå äèõàííÿ. Ó
ðåçóëüòàò³ ñï³ëüíîãî ïðîöåñó äèôóç³¿ é âèòðàòè NO ³ êèñíþ â òêàíèí³ ñòâîðþºòüñÿ ðîçïîä³ë êèñíþ, ÿêèé
ìîæíà ðîçðàõóâàòè çà äîïîìîãîþ ðîçðîáëåíî¿ íàìè ìàòåìàòè÷íî¿ ìîäåë³. Êð³ì òîãî ìîäåëü äàº çìîãó
ðîçðàõîâóâàòè ðîçïîä³ë øâèäêîñòåé ñïîæèâàííÿ Î2 â òêàíèíè é ìàêñèìàëüíó øâèäê³ñòü éîãî ñïîæè-
âàííÿ òêàíèíîþ VÎ2max çàëåæíî â³ä ïàðàìåòð³â äîñòàâêè êèñíþ, ì³æêàï³ëÿðíî¿ â³äñòàí³ é âëàñòèâîñòåé
ñèñòåìè òêàíèííîãî äèõàííÿ: äèôóç³éíèõ ³ ê³íåòè÷íèõ îñîáëèâîñòåé âçàºìîä³¿ êèñíþ, îêñèäó àçîòó é
äèõàëüíèõ àíñàìáë³â ì³òîõîíäð³é (âçàãàë³ ïðèáëèçíî 20 ôàêòîð³â). Äîñë³äíèêàì ïàðàìåòð³â êèñíåâîãî
ðåæèìó çà äîïîìîãîþ ìàòåìàòè÷íîãî ìîäåëþâàííÿ çàïðîïîíîâàíà ðîçðîáëåíà ³íôîðìàö³éíà òåõíîëî-
ã³ÿ. Âîíà äàº çìîãó âèêîðèñòàòè äëÿ ðîçðàõóíêó äàí³ åêñïåðèìåíòó àáî ë³òåðàòóðíèõ äæåðåë, âèáèðàòè
ôàêòîðè, âïëèâè ÿêèõ ïîòð³áíî âèçíà÷èòè, ³ ðîçðàõîâóâàòè çàëåæí³ñòü â³ä íèõ ïîêàçíèê³â, âïëèâ ÿêèõ
âèçíà÷àºòüñÿ: ðîçïîä³ëè ðÎ2

 , VÎ2
, à òàêîæ VÎ2max. Ðîçãàëóæåíå ìåíþ òåõíîëîã³¿ äîçâîëÿº âèáðàòè ïî-

äàííÿ ðîçðàõóíêîâèõ ðåçóëüòàò³â ó âèãëÿä³ ãðàô³ê³â, ã³ñòîãðàì, ìàñèâ³â ³ îêðåìèõ çíà÷åíü, à òàêîæ óñå-
ðåäíåíèõ. Çà äîïîìîãîþ ³íôîðìàö³éíî¿ òåõíîëîã³¿ ìîæíà àíàë³çóâàòè êèñíåâ³ ðåæèìè ì�ÿç³â (à òàêîæ
³íøèõ òêàíèí) ó ñïîêîþ é ïðè íàâàíòàæåíí³, ó íîðì³ é ïðè ã³ïîêñ³¿ ð³çíî¿ åò³îëîã³¿ ç óðàõóâàííÿì ïðîòåê-
òîðíî¿ ä³¿ åíäîòåë³àëüíîãî NO.

ÎÑÎÁËÈÂÎÑÒ² ÐÎÇÂÈÒÊÓ Ã²ÏÎÊÑÈ×ÍÈÕ ÑÒÀÍ²Â Ó ËÞÄÅÉ Ç Ð²ÇÍÈÌÈ ÃÅÍÎÒÈÏÀÌÈ
ÇÀ Ñ/Ò-ÏÎË²ÌÎÐÔ²ÇÌÎÌ ÃÅÍÀ HIF-1ααααα
I.Ì.Ìàíüêîâñüêà, Ò.².Äðåâèöüêà, ª.Â.Ìî³ñåºíêî, Î.Ì.Áàêóíîâñüêèé,
Ò.Â.Ñåðåáðîâñüêà

²íñòèòóò ô³ç³îëîã³¿ ³ì.Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â

Àëåëüíèé ïîë³ìîðô³çì º ãåíåòè÷íèì ôåíîìåíîì, ÿêèé õàðàêòåðèçóºòüñÿ íàÿâí³ñòþ ð³çíèõ âàð³àíò³â îä-
íîãî ³ òîãî æ ãåíà, ùî â³äð³çíÿþòüñÿ çà îäíèì íóêëåîòèäîì ÷è ÷èñëîì òàíäåìíèõ ïîâòîð³â. Â³äîìî, ùî
òðàíñêðèïö³éíèé ôàêòîð HIF-1α º êëþ÷îâèì ðåãóëÿòîðîì ãåíåòè÷íèõ ïðîãðàì ïàòîãåííèõ ³ êîìïåíñà-
òîðíèõ ðåàêö³é, ÿê³ ðîçãîðòàþòüñÿ â îðãàí³çì³ ëþäèíè ó â³äïîâ³äü íà ä³þ ã³ïîêñ³¿. Ìè âèâ÷àëè îñîáëè-
âîñò³ ðîçâèòêó òà êîìïåíñàö³¿ ã³ïîêñ³¿ íàâàíòàæåííÿ ³ ã³ïîêñè÷íî¿ ã³ïîêñ³¿  ó ëþäåé ç àëåëüíèì ïîë³ìîð-
ô³çìîì êèñíåçàëåæíîãî äåãðàäàö³éíîãî äîìåíó ãåíà HIF-1α, ÿêèé ïîëÿãàº ó çàì³í³ öèòîçèíó íà òèì³í ó
1772 ïîëîæåíí³ 12 åêçîíó (Ñ1772→Ò), ùî ïðèçâîäèòü äî çàì³íè ïðîë³íó íà ñåðèí ó á³ëêó (P582S). ×àñòîòà
ðîçïîä³ëåííÿ ãåíîòèï³â çà öèì ïîë³ìîðô³çìîì áóëà âèâ÷åíà ó 95 çðàçêàõ ÄÍÊ, âèä³ëåíèõ ³ç êðîâ³ ïðàê-
òè÷íî çäîðîâèõ ÷îëîâ³ê³â â³êîì â³ä 22 äî 40 ðîê³â. ×àñòîòà ãåíîòèïó Ñ/Ñ ñòàíîâèëà 91%, Ñ/Ò � 9%.
Çàëåæíî â³ä íàÿâíîñò³ òîãî ÷è ³íøîãî ãåíîòèïó ñóá�ºêòè äîñë³äæåííÿ áóëè ïîä³ëåí³ íà 2 ãðóïè, â ÿêèõ
âèçíà÷àëè åêñïðåñ³þ ìÐÍÊ ãåí³â HIF-1α òà åðèòðîïîåòèíó, à òàêîæ ïðîâîäèëè ôóíêö³îíàëüí³ òåñòè íà
ñóáìàêñèìàëüíå ô³çè÷íå íàâàíòàæåííÿ òà ã³ïîêñè÷íó ã³ïîêñ³þ. Ïðè ïðîâåäåíí³ òåñòó íà ô³çè÷íå íàâàí-
òàæåííÿ âèêîðèñòîâóâàëè âåëîåðãîìåðòð³þ (ô³çè÷íå íàâàíòàæåííÿ  ñóáìàêñèìàëüíî¿ ³íòåíñèâíîñò³ -
äî 75% â³ä íàëåæíîãî ìàêñèìàëüíîãî ñïîæèâàííÿ êèñíþ, ÍÌÑÊ) ç äîçîâàíèì ïîåòàïíèì ï³äâèùåí-
íÿì ïîòóæíîñò³ íàâàíòàæåííÿ (ïî 3 õâ íà êîæí³ äîäàòêîâ³ 25 Âò) äî äîñÿãíåííÿ 75% ³íäèâ³äóàëüíî
ðîçðàõîâàíîãî ÍÌÑÊ. Ã³ïîêñè÷íó ñòèìóëÿö³þ ïðîâîäèëè çà äîïîìîãîþ àïàðàòà �Ã²ÏÎÊÑÈÒÐÎÍ�,
ùî äàëî çìîãó ñòâîðþâàòè ó äèõàëüíîìó ñåðåäîâèù³ ã³ïîêñè÷íó ñóì³ø ç ïåâíîþ êîíöåíòðàö³ºþ êèñíþ
(8�10%). Çâîðîòíå äèõàííÿ ç ïîãëèíàííÿì âóãëåêèñëîãî ãàçó òà ñïåö³àëüíèé ðåãóëÿö³éíèé ïðèñòð³é
çàáåçïå÷óâàëè çíèæåíèé âì³ñò Î2 ó âäèõóâàíîìó ïîâ³òð³ äî 8�10% ïðîòÿãîì 2 õâ ç íàñòóïíèì ï³äòðè-
ìàííÿì öüîãî ð³âíÿ âïðîäîâæ ñåàíñó (10 õâ). Áóëî ïîêàçàíî, ùî íàÿâí³ñòü ó ãåíîòèï³ ëþäèíè àëåë³ Ò ó
ãåòåðîçèãîòíîìó ñòàí³ ñóòòºâî íå âïëèâàëà íà ïîêàçíèêè ôóíêö³îíàëüíèõ ñèñòåì äèõàííÿ òà êðîâîîá³ãó
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â ñòàí³ ñïîêîþ. Ïðîòå ïðè ã³ïîêñ³¿ ð³çíîãî ãåíåçó, ÿêà âèíèêàëà ï³ä ÷àñ íàïðóæåíî¿ ô³çè÷íî¿ ðîáîòè àáî
çâîðîòíîìó äèõàíí³, áóëè çàðåºñòðîâàí³ ïåâí³ ðîçá³æíîñò³. Ó ëþäåé ç ãåíîòèïîì Ñ/Ò, íà â³äì³íó â³ä
îñ³á ç ãåíîòèïîì Ñ/Ñ, íàïðóæåííÿ òà âì³ñò êèñíþ â àðòåð³àëüí³é êðîâ³, ðÍ êðîâ³ áóëè íèæ÷èìè, íåçâà-
æàþ÷è íà íàäëèøêîâå çðîñòàííÿ âåíòèëÿö³éíèõ ïîêàçíèê³â. Öå î÷åâèäíî áóëî çóìîâëåíå çìåíøåííÿì
åôåêòèâíîñò³ ãåìîäèíàì³÷íî¿ ëàíêè êîìïåíñàö³¿ ã³ïîêñ³¿. Íåîáõ³äí³ ïîäàëüø³ äîñë³äæåííÿ ùîäî âñòà-
íîâëåííÿ âïëèâó íàÿâíîñò³ Ò àëåë³ ó ïîëîæåíí³ Ñ1772→Ò íà ñòàá³ëüí³ñòü á³ëêà  HIF-1α ïðè ã³ïîêñ³¿
ð³çíîãî ïîõîäæåííÿ.

ÀÄÀÏÒÀÖ²ÉÍ² ÎÑÎÁËÈÂÎÑÒ² ÑÅÐÖÅÂÎÃÎ ÐÈÒÌÓ Â ÒÂÀÐÈÍ Ç Ð²ÇÍÎÞ
ÐÅÇÈÑÒÅÍÒÍ²ÑÒÞ ÄÎ Ã²ÏÎÊÑ²¯ ÇÀ ÓÌÎÂ ÅÊÑÒÐÅÌÀËÜÍÎÃÎ Ã²ÏÎÊÑÈ×ÍÎÃÎ
ÂÏËÈÂÓ

Î.Ã. Ìèñàêîâåöü, Þ.Ñ. Ïåòðèøèí, Î.Î. Ìèñàêîâåöü

Ëüâ³âñüêèé íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò ³ì. Äàíèëà Ãàëèöüêîãî

Âàð³àáåëüí³ñòü ñåðöåâîãî ðèòìó � êîìïëåêñ ïîêàçíèê³â, ÿê³ ìàþòü ïðîãíîñòè÷íå òà ä³àãíîñòè÷íå çíà-
÷åííÿ ó ïðîöåñ³ àäàïòàö³¿ äî ä³¿ åêñòðåìàëüíèõ ÷èííèê³â ³ ìîæëèâîãî ðîçâèòêó ð³çíèõ ïàòîëîã³÷íèõ
çì³í. Ïîêàçíèêè âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó òàêîæ ìîæóòü áóòè êðèòåð³ÿìè îö³íêè ôóíêö³îíàëüíî-
ìåòàáîë³÷íîãî ñòàíó îðãàí³çìó çà óìîâ ä³¿ íà íüîãî ð³çíèõ åêñòðåìàëüíèõ ôàêòîð³â ³ çîêðåìà ã³ïîêñè÷-
íî¿ ã³ïîêñ³¿. Äîñë³äæåííÿ ïðîâåäåí³ íà ñòàòåâîçð³ëèõ ùóðàõ-ñàìöÿõ â³äïîâ³äíî äî ì³æíàðîäíèõ âèìîã
ùîäî ãóìàííîãî ïîâîäæåííÿ ç òâàðèíàìè. Çà ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ òâàðèí ðîçä³ëÿëè çà ìåòîäîì
Áåðåçîâñüêîãî Â.ß. Åêñòðåìàëüíèé âïëèâ ìîäåëþâàëè  «ï³äíÿòòÿì íà âèñîòó» 1100 ì íàä ð³âíåì ìîðÿ
äî ïîÿâè àãîí³àëüíîãî äèõàííÿ. Àíàë³ç âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó îö³íþâàëè çà ïåðèôåðè÷íèì
ïóëüñîì. Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèÿâèòè îñîáëèâîñò³ çì³í ïîêàçíèê³â âàð³àáåëüíîñò³ ñåðöå-
âîãî ðèòìó ó ùóð³â ç ð³çíîþ ðåçèñòåíòí³ñòþ äî ã³ïîêñ³¿ çà óìîâ åêñòðåìàëüíîãî âïëèâó ã³ïîêñ³¿. Ó
ðåçóëüòàò³ ïðîâåäåíîãî äîñë³äæåííÿ âèÿâëåíî, ùî åêñòðåìàëüíèé âïëèâ íà âèñîêîðåçèñòåíòí³ òâàðèíè
ïðèâîäèòü äî ï³äâèùåííÿ  âàð³àáåëüíîñò³ ñåðöåâîãî ðèòìó âíàñë³äîê àêòèâàö³¿ ÿê ñèìïàòè÷íèõ, òàê ³
ïàðàñèìïàòè÷íèõ êîìïîíåíò³â çíà÷íèì ïåðåâàæàííÿì ïàðàñèìïàòè÷íèõ. Åêñòðåìàëüíèé âïëèâ íà íèçü-
êîðåçèñòåíòí³ òâàðèíè ñóïðîâîäæóºòüñÿ çíèæåííÿì âàð³àáåëüíîñò³ ðèòìó, çìåíøåííÿì ïîòóæíîñò³ ñïåê-
òðàëüíèõ ïîêàçíèê³â. Ñïîñòåð³ãàºòüñÿ ïîñëàáëåííÿ ïàðàñèìïàòè÷íî¿ ìîäóëÿö³¿ ñåðöåâîãî ðèòìó òà ïå-
ðåâàæàííÿ ñèìïàòè÷íîãî òîíóñó.
ÎÑÎÁËÈÂÎÑÒ² ÀÄÀÏÒÀÖ²¯ ËÞÄÈÍÈ Â ÓÌÎÂÀÕ ÀÍÒÀÐÊÒÈ×ÍÎ¯ ÅÊÑÏÅÄÈÖ²¯

ª.Â. Ìî³ñåºíêî

²íñòèòóò ô³ç³îëîã³¿ ³ì. Î. Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â
moiseenko@biph.kiev.ua

Áàãàòîð³÷í³ êîìïëåêñí³ ìîí³òîðèíãîâ³ ìåäèêî-á³îëîã³÷í³ äîñë³äæåííÿ ñòàíó ôóíêö³îíàëüíèõ ñèñòåì
ëþäèíè ïðè òðèâàëîìó ïåðåáóâàíí³ â óìîâàõ ³çîëÿö³¿ íà ïðèáåðåæí³é àíòàðêòè÷í³é ñòàíö³¿ áóëè ñïðÿìî-
âàí³ íà ç�ÿñóâàííÿ îñîáëèâîñòåé àäàïòàö³éíèõ ïåðåáóäîâ ³íòåãðàö³éíèõ òà êèñíåòðàíñïîðòíèõ ñèñòåì
îðãàí³çìó çà â³äñóòíîñò³ ñóòòºâîãî çíèæåííÿ âì³ñòó êèñíþ â àòìîñôåðíîìó ïîâ³òð³. Ðîáîòà âèêîíàíà çà
ó÷àñò³ ÷ëåí³â åê³ïàæ³â àíòàðêòè÷íî¿ ñòàíö³¿ Àêàäåì³ê Âåðíàäñüêèé (Vernadsky � 65°14�43"S; 64°15�24"W)
ó ïåð³îä ç 1997 ïî 2009 ðð. (130 ÷îëîâ³ê³â â³êîì 39,8±2,4 ðîê³â). Ïîêàçàíî, ùî ðîçâèòîê àäàïòàö³éíèõ
ïåðåáóäîâ êèñíåòðàíñïîðòíèõ ñèñòåì îðãàí³çìó ëþäèíè ïðè òðèâàëîìó ïåðåáóâàíí³ ï³ä âïëèâîì êîìï-
ëåêñó åêñòðåìàëüíèõ ôàêòîð³â àíòàðêòè÷íî¿ åêñïåäèö³¿ â³äáóâàºòüñÿ íà ôîí³ íèçêè íåéðîãóìîðàëüíèõ,
íåéðî³ìóííèõ, ìåòàáîë³÷íèõ, òêàíèííèõ, êë³òèííèõ àäàïòàö³éíèõ ìåõàí³çì³â, ùî ñóïðîâîäæóºòüñÿ áà-
ãàòîð³âíåâèìè çì³íàìè ðåãóëÿö³¿ êèñíåâèõ ðåæèì³â îðãàí³çìó. Âñòàíîâëåíî ñåçîííó äèíàì³êó àäàïòàö-
³éíèõ ïåðåáóäîâ ôóíêö³îíàëüíèõ ñèñòåì îðãàí³çìó, ç�ÿñîâàíî îñîáëèâîñò³ àäàïòàö³éíèõ ìåõàí³çì³â ³íòåã-
ðàö³éíèõ ñèñòåì (çì³íè öåðåáðàëüíîãî åëåêòðîãåíåçó, àêòèâàö³ÿ ñèìïàòîàäðåíàëîâî¿ ñèñòåìè, ³ìóííà
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ã³ïîðåçèñòåíòí³ñòü), ðåñï³ðàòîðíèõ, ãåìîäèíàì³÷íèõ, ãåì³÷íèõ ìåõàí³çì³â ðåãóëÿö³¿ êèñíåâèõ ðåæèì³â
îðãàí³çìó (çì³íè åôåêòèâíîñò³ òà åêîíîì³÷íîñò³ ìåõàí³çì³â ðåãóëÿö³¿), ïîêàçàíà ðîëü á³îðèòìîëîã³÷íèõ
³ ãåë³îãåîô³çè÷íèõ ôàêòîð³â ñåðåäîâèùà â ðîçâèòêó àäàïòàö³éíèõ ïðîöåñ³â. Ïðîâåäåíî äîñë³äæåííÿ
ðîë³ àëåëüíîãî ïîë³ìîðô³çìó ãåíà HIF-1α ó ðîçâèòêó àäàïòàö³éíèõ ïåðåáóäîâ ôóíêö³îíàëüíèõ ñèñòåì
ëþäèíè â åêñòðåìàëüíèõ óìîâàõ Àíòàðêòèêè.

ÃÈÏÎÁÀÐÈ×ÅÑÊÈÅ ÈÍÒÅÐÂÀËÜÍÛÅ ÃÈÏÎÊÑÈ×ÅÑÊÈÅ ÒÐÅÍÈÐÎÂÊÈ
Â ÊÎÐÐÅÊÖÈÈ ÔÓÍÊÖÈÎÍÀËÜÍÎÃÎ ÑÎÑÒÎßÍÈß ÂÎÅÍÍÛÕ ËÅÒ×ÈÊÎÂ

Å.Â. Îëåéíèêîâà, À.Ä. Äæàíêóëäóêîâà, Ã.Ä. Ïàê, Â.È. Ìèëþòèí, Ð.Ì. Ìàíæóãåòîâà

Èíñòèòóò ôèçèîëîãèè ÷åëîâåêà è æèâîòíûõ ÖÁÈ; Áàðîêàìåðà ëàáîðàòîðèè àâèàöèîííîé ìåäè-
öèíû ÑÂÎ ÂÑ ÐÊ;
Âîåííî-êëèíè÷åñêèé ãîñïèòàëü ÌÎ ÐÊ, Àëìàòû, Êàçàõñòàí
gpak1@yandex.ru

Ãèïîáàðè÷åñêèå ãèïîêñè÷åñêèå (ÃÃ) òðåíèðîâêè ñ èíòåðâàëàìè ãèïåðîêñèè ðåêîìåíäîâàíû  äëÿ  ïðè-
ìåíåíèÿ â àâèàêîñìè÷åñêîé ìåäèöèíå â öåëÿõ ïðîôèëàêòèêè, ëå÷åíèÿ è ìåäèöèíñêîé ðåàáèëèòàöèè
ëåòíîãî ñîñòàâà. Íàìè âûïîëíåíî èññëåäîâàíèå âëèÿíèÿ 10-äíåâíûõ ÃÃ òðåíèðîâîê íà ãåíåðàöèþ
îêñèäà àçîòà, èíòåíñèâíîñòü ïðîöåññîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ è àíòèîêèñëèòåëüíóþ àêòèâ-
íîñòü ñûâîðîòêè êðîâè, ñîäåðæàíèå ãëþêîçû, õîëåñòåðèíîâûé (ÕÑ) ïðîôèëü ïëàçìû êðîâè, ïîêàçàòå-
ëè öåíòðàëüíîé ãåìîäèíàìèêè ó âîåííûõ ëåò÷èêîâ è øòóðìàíîâ (n=30). Ïîñëå ãèïîêñè÷åñêèõ òðåíèðî-
âîê óñòàíîâëåíî óâåëè÷åíèå â ñûâîðîòêå êðîâè ñîäåðæàíèÿ ýíäîãåííîãî âàçîäèëàòàòîðà NÎx (íà 25%),
ñíèæåíèå (íà 22 %) ñîäåðæàíèÿ ìàëîíîâîãî äèàëüäåãèäà (ó ïîäàâëÿþùåãî áîëüøèíñòâà îáñëåäóå-
ìûõ) è óìåíüøåíèå åãî íàêîïëåíèÿ  ïðè èíêóáàöèè ñûâîðîòêè êðîâè â ñèñòåìå îêèñëåíèÿ (Fe2+-àñêîðáàò).
Ïðè ýòîì îòìå÷åíî ïîâûøåíèå ñîäåðæàíèÿ ëèïîôèëüíîãî àíòèîêñèäàíòà α-òîêîôåðîëà (íà 15%) è
îäíîãî èç îñíîâíûõ ýêñòðàöåëëþëÿðíûõ àíòèîêñèäàíòîâ öåðóëîïëàçìèíà (íà 14%). Ñíèæåíèå ñîäåð-
æàíèÿ ñðåäíåìîëåêóëÿðíûõ ïåïòèäîâ íà 4,5% (λ=254íì) è íà 5,6% (λ=280íì) ó áîëüøèíñòâà îáñëå-
äóåìûõ êîððåëèðîâàëî ñî ñíèæåíèåì ñòåïåíè ýíäîãåííîé èíòîêñèêàöèè îðãàíèçìà. Ïîñëå ÃÃ-òðåíè-
ðîâîê îòìå÷åíà òåíäåíöèÿ ê óìåíüøåíèþ ñîäåðæàíèÿ îáùåãî ÕÑ, ÕÑ àòåðîãåííûõ ëèïîïðîòåèäîâ è
ïîâûøåíèå ÕÑ ËÏÂÏ, ÷òî ñîïðîâîæäàëîñü óìåíüøåíèåì èíäåêñà àòåðîãåííîñòè êðîâè. Ó ëèö ñ ïî-
ãðàíè÷íûìè (îòíîñèòåëüíî ôèçèîëîãè÷åñêîé íîðìû) ïîêàçàòåëÿìè ÕÑ óêàçàííûå ñäâèãè áûëè âûðà-
æåíû â áîëüøåé ñòåïåíè. Ñîäåðæàíèå ãëþêîçû áûëî â ïðåäåëàõ ñðåäíåé ôèçèîëîãè÷åñêîé íîðìû. Ó
îáñëåäóåìûõ ñ äèàãíîçîì íåéðîöèðêóëÿòîðíàÿ äèñòîíèÿ ïî ãèïåðòîíè÷åñêîìó òèïó è ïîâûøåííûì
îòíîñèòåëüíî ôèçèîëîãè÷åñêîé íîðìû àðòåðèàëüíûì äàâëåíèåì ïîñëå ãèïîêñè÷åñêèõ òðåíèðîâîê îò-
ìå÷åíî óðåæåíèå ×ÑÑ, ñíèæåíèå ñèñòîëè÷åñêîãî è, â ìåíüøåé ñòåïåíè, äèàñòîëè÷åñêîãî àðòåðèàëü-
íîãî äàâëåíèÿ. Òàêèì îáðàçîì, ïîêàçàíà ïåðñïåêòèâíîñòü ïðèìåíåíèÿ 10-äíåâíûõ ÃÏ-òðåíèðîâîê ñ
èíòåðâàëàìè ãèïåðîêñèè äëÿ êîððåêöèè ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ëåò÷èêîâ è øòóðìàíîâ âîåííîé
àâèàöèè. Ãèïîêñè÷åñêèå òðåíèðîâêè âêëþ÷åíû â êîìïëåêñ ëå÷åáíî- îçäîðîâèòåëüíûõ ìåðîïðèÿòèé
ÑÂÎ ÂÑ  Ðåñïóáëèêè Êàçàõñòàí.

Ã²ÏÎÃË²ÊÅÌ²ß ÒÀ ÇÌ²ÍÈ Ó ÆÈÐÎÂÎÌÓ ÎÁÌ²Í² Ó ÙÓÐ²Â
ÍÀ Ð²ÇÍÈÕ ÅÒÀÏÀÕ ÀÄÀÏÒÀÖ²¯ ÄÎ ÑÅÐÅÄÍÜÎÃ²Ð�ß

Â.². Ïîðòí³÷åíêî, Â.². Íîñàð

Ì³æíàðîäíèé öåíòð àñòðîíîì³÷íèõ ³ ìåäèêî-åêîëîã³÷íèõ äîñë³äæåíü ÍÀÍ Óêðà¿íè, Êè¿â;
²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â
vport@biph.kiev.ua

Ó çàáåçïå÷åíí³ åíåðã³ºþ êë³òèíè ³ ö³ëîãî îðãàí³çìó â óìîâàõ ã³ïîêñ³¿ ÿê åíåðãåòè÷í³ ñóáñòðàòè ìîæóòü
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âèñòóïàòè äâà ãîëîâí³ á³îõ³ì³÷í³ êëàñè � âóãëåâîäí³ ³ æèðîâ³ ñóáñòàíö³¿. Â³äîìî, ùî îêèñíåííÿ æèð³â
á³ëüøîþ ì³ðîþ çàëåæèòü â³ä êèñíþ, í³æ îêèñíåííÿ âóãëåâîäí³â, ³ ëîã³÷íî áóëî á ïðèïóñòèòè, ùî ó
ãîðàõ â³äáóâàºòüñÿ àêòèâàö³ÿ âóãëåâîäíîãî îáì³íó ³ çíèæåííÿ æèðîâîãî. Îäíàê â³äîì³ äîñë³äæåííÿ â
öüîìó íàïðÿìêó ìàþòü áàãàòî ñóïåðå÷íîñòåé. Â îñòàíí³ ðîêè íàìè áóëî âñòàíîâëåíî íàÿâí³ñòü ã³ïîãë³-
êåì³÷íî¿ ðåàêö³¿ ïðè ïåðåáóâàíí³ ó ñåðåäíüîã³ð�¿, ÿêà âèíèêàº ÿê ó ëþäåé, òàê ³ ó ùóð³â. Âèõîäÿ÷è ç
öüîãî, ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèÿâèòè, ÿê³ ìåõàí³çìè â³ä³ãðàþòü ðîëü ó ðîçâèòêó ã³ïîãë³êåì-
³÷íî¿ ðåàêö³¿ ó ãîðàõ, òà âñòàíîâèòè ïåðåâàæíó àêòèâí³ñòü âóãëåâîäíîãî ÷è æèðîâîãî îáì³íó íà ð³çíèõ
åòàïàõ àäàïòàö³¿ äî ñåðåäíüîã³ð�ÿ, ïðè ãîñòð³é òà ïåð³îäè÷í³é ã³ïîêñ³¿. Ïîêàçàíî, ùî àêë³ìàòèçàö³ÿ ùóð³â
ë³í³¿ Â³ñòàð äî ñåðåäíüîã³ð�ÿ ïðèçâîäèëà äî çíà÷íîãî çðîñòàííÿ åêñïðåñ³¿ ãåíà ³íñóë³íîíåçàëåæíîãî
òðàíñïîðòåðó ãëþêîçè GLUT-1 â øëóíî÷êàõ ñåðöÿ, àëå íå âïëèâàëà íà åêñïðåñ³þ ãåíà ³íñóë³íîçàëåæ-
íîãî òðàíñïîðòåðó ãëþêîçè GLUT-4. Ï³ñëÿ ä³¿ ãîñòðî¿ ã³ïîêñ³¿ («ï³äéîì» ó áàðîêàìåð³ íà 5600 ì ïðîòÿ-
ãîì  3 ãîä) ñïîñòåð³ãàëè çðîñòàííÿ ã³ïîãë³êåì³¿ ³ ð³çíó åêñïðåñ³þ ìåòàáîë³÷íèõ ãåí³â: ð³âåíü ìÐÍÊ
GLUT-1 íå çì³íþâàâñÿ â ëåãåíÿõ òà ñåðö³, òîä³ ÿê ð³âåíü  ìÐÍÊ GLUT-4 çðîñòàâ íà 3�5-òó äîáó ï³ñëÿ ¿¿
ä³¿. Öå ñâ³ä÷èòü ïðî ïîñèëåííÿ ³íñóë³íîíåçàëåæíîãî øëÿõó ìåòàáîë³çìó ãëþêîçè ïðè õðîí³÷í³é àäàïòàö³¿
³ àêòèâàö³þ ³íñóë³íîçàëåæíîãî øëÿõó ïðè ãîñòð³é ã³ïîêñ³¿. Âñòàíîâëåíî, ùî ïðè àäàïòàö³¿ ó ãîðàõ ó
ùóð³â ñïîñòåð³ãàºòüñÿ çðîñòàííÿ æèðîâîãî îáì³íó, àëå íå íà ïî÷àòêó ïåðåáóâàííÿ, à ëèøå ÷åðåç 2�3
òèæ àäàïòàö³¿. Öå ìîæå áóòè ïîâ�ÿçàíî ç àêòèâàö³ºþ HIF-1 ³ ðåìîäåëþâàííÿì êàðä³îðåñï³ðàòîðíî¿ ñèñ-
òåìè, ÿêà ëèøå â öåé òåðì³í ìîæå çàáåçïå÷èòè íåîáõ³äíèé ð³âåíü äîñòàâêè êèñíþ. Ââàæàºìî, ùî ã³ïîã-
ë³êåì³ÿ ìîæå âèñòóïàòè ïóñêîâèì ìåõàí³çìîì âêëþ÷åííÿ æèðîâîãî îáì³íó. Òàêèì ÷èíîì, ïðè àäàï-
òàö³¿ äî ñåðåäíüîã³ð�ÿ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå çðîñòàííÿ æèðîâîãî îáì³íó íà òë³ äåÿêîãî çíèæåííÿ
âóãëåâîäíîãî îáì³íó. Îäíàê äîäàòêîâèé ã³ïîêñè÷íèé âïëèâ ³íäóêóº ³íñóë³íîçàëåæí³ ìåõàí³çìè àäàï-
òàö³¿. Îòæå, âóãëåâîäí³ ñóáñòðàòè çàáåçïå÷óþòü åíåðãåòè÷í³ âèòðàòè îðãàí³çìó â ðàííüîìó ïåð³îä³ àäàï-
òàö³¿, ÿê á³ëüø ìîá³ëüíèé ³ ëåãêî äîñÿæíèé ðåçåðâ, à âèêîðèñòàííÿ ë³ï³äíèõ ñóáñòðàò³â ³ ïîñèëåííÿ
æèðîâîãî îáì³íó íåîáõ³äí³ äëÿ äîâãîòðèâàëî¿ àäàïòàö³¿.

ÀÊÒÈÂÀÖ²ß ÀÄÅÍ²ËÀÒÖÈÊËÀÇÈ ×ÈÍÈÒÜ ÎÐÃÀÍÎÑÏÅÖÈÔ²×ÍÈÉ ÂÏËÈÂ
ÍÀ ÌÎÐÔÎÔÓÍÊÖ²ÎÍÀËÜÍÈÉ ÑÒÀÍ ÒÊÀÍÈÍ ËÅÃÅÍÜ ² ÑÅÐÖß ÏÐÈ ÃÎÑÒÐÈÕ
Ã²ÏÎÊÑÈ×ÍÈÉ Ã²ÏÎÊÑ²¯, ÊÐÎÂÎÂÒÐÀÒ² ÒÀ ²ÌÌÎÁ²Ë²ÇÀÖ²ÉÍÎÌÓ ÑÒÐÅÑ²

Ê.Â.Ðîçîâà

²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â

Äîñë³äæåííÿ âïëèâó àêòèâàö³¿ àäåí³ëàòöèêëàçè (ÀÖ) çà äîïîìîãîþ êëàñè÷íîãî íåãîðìîíàëüíîãî àêòè-
âàòîãðà NaF íà ìîðôîôóíêö³îíàëüíèé ñòàí òêàíèí ëåãåíü ³ ñåðöÿ ïðîâåäåíî íà á³ëèõ ñòàòåâîçð³ëèõ
ùóðàõ-ñàìöÿõ ìàñîþ 300-320 ã ïðè ãîñòðèõ ã³ïîêñè÷í³é ã³ïîêñ³¿, êðîâîâòðàò³ òà ³ììîá³ë³çàö³éíîìó
ñòðåñ³.  Ââåäåííÿ NaF ïåðåä ãîñòðîã³ïîêñè÷íèì âïëèâîì íà îðãàí³çì òâàðèí ïðèçâîäèëî äî òîãî, ùî
óëüòðàñòðóêòóðí³ ïîðóøåííÿ â àåðîãåìàòè÷íîìó áàð�ºð³  ëåãåíü (ÀÃÁ) ð³çêî çá³ëüøóâàëèñÿ. Âèÿâëåí³
çì³íè ñóïðîâîäæóâàëèñÿ á³ëüø ñóòòºâèì ïîòîâùåííÿì ÀÃÁ, í³æ öå ñïîñòåð³ãàëîñÿ ïðè ãîñòð³é ã³ïîê-
ñè÷í³é ã³ïîêñ³¿. Ùî ñòîñóºòüñÿ óëüòðàñòðóêòóðè ì³îêàðäà òà ãåìàòîïàðåíõ³ìàòîçíîãî áàð�ºðà (ÃÏÁ), òî
äîäàòêîâèõ ïîøêîäæåíü âèÿâëåíî íå áóëî. Îäíàê ÿê ³ â ÀÃÁ, ñïîñòåð³ãàëîñÿ äîñòîâ³ðíå çá³ëüøåííÿ
òîâùèíè áàð�ºðà. Ïðè ãîñòð³é êðîâîâòðàò³ ï³ñëÿ ââåäåííÿ NaF íå áóëî âèÿâëåíî àí³ ñóòòºâèõ äîäàòêî-
âèõ çì³í óëüòðàñòðóêòóðè, àí³ äîñòîâ³ðíî¿ çì³íè òîâùèíè ÀÃÁ ïîð³âíÿíî ç âåëè÷èíàìè, âèçíà÷åíèìè
áåç âèêîðèñòàííÿ àêòèâàòîðà. Òå ñàìå ìîæíà ñêàçàòè ³ ïðî ñòàí òêàíèíè òà ÃÏÁ â ì³îêàðä³. Ïðè ³ììîá-
³ë³çàö³éíîìó ñòðåñ³ âèÿâëåíî íàéñóòòºâ³øó ð³çíèöþ â ðåàêö³¿ òêàíèí ëåãåíü ³ ñåðöÿ íà àêòèâàö³þ ÀÖ.
Íàéá³ëüø³ äîäàòêîâ³ äåñòðóêòèâí³ çì³íè áóëî âèÿâëåíî â øàð³ àëüâåîëÿðíîãî åï³òåë³þ ÀÃÁ. Îñê³ëüêè
ðîçâèòîê âíóòð³øíüîàëüâåîðëÿðíîãî íàáðÿêó ñóïðîâîäæóºòüñÿ ã³ïåðã³äðàòàö³ºþ òà äåñòðóêö³ºþ ñàìå
åï³òåë³àëüíîãî øàðó áàð�ºðà, çàçíà÷åí³ çì³íè âêàçóþòü íà íåãàòèâíèé âïëèâ íà ìîðôîôóíêö³îíàëüíèé
ñòàí ÀÃÁ àêòèâàö³¿ ÀÖ. Ïðè öüîìó ñåðåäíÿ àðèôìåòè÷íà òîâùèíà ÀÃÁ äîñòîâ³ðíî çá³ëüøóâàëàñÿ, à
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ñåðåäíÿ ãàðìîí³÷íà òîâùèíà � ïðàêòè÷íî íå çì³íþâàëàñÿ, ùî ñâ³ä÷èòü ïðî ïðàêòè÷íî ð³âíîì³ðíå ïî-
òîâùåííÿ áàð�ºðà. Â ì³îêàðä³ ³, çîêðåìà, â ÃÏÁ äîäàòêîâèõ ñòðóêòóðíèõ ïîðóøåíü ïðè àêòèâàö³¿ ÀÖ íå
âèÿâëÿëîñÿ. Íà â³äì³íó â³ä ÀÃÁ, â ÃÏÁ äîñòîâ³ðíî çá³ëüøóâàëàñÿ ñåðåäíÿ ãàðìîí³÷íà éîãî òîâùèíà,
ùî õàðàêòåðèçóº ê³ëüê³ñíå çá³ëüøåííÿ ïîòîâùåíèõ ã³ïåðã³äðàòîâàíèõ ä³ëÿíîê áàð�ºðà. ßêùî âçÿòè äî
óâàãè òîé ôàêò, ùî ñåðåäíÿ àðèôìåòè÷íà òîâùèíà ÃÏÁ äîñòîâ³ðíî íå çá³ëüøóâàëàñÿ, òî òàêà äèíàì³êà
ìîæå äî ïåâíî¿ ì³ðè ðîçãëÿäàòèñÿ ÿê åëåìåíò êîìïåíñàòîðíî-ïðèñòîñóâàëüíî¿ ðåàêö³¿, ñïðÿìîâàíî¿ íà
â³äíîñíó ëîêàë³çàö³þ íàáðÿêó. Òîáòî, ïðîâåäåí³ äîñë³äæåííÿ âèÿâèëè íàÿâí³ñòü ïåâíî¿ îðãàíîñïåöèô-
³÷íîñò³ òà çàëåæíîñò³ â³ä âèäó âïëèâó íà îðãàí³çì ðîë³ àêòèâàö³¿ ÀÖ ó ðîçâèòêó ìîðôîôóíêö³îíàëüíèõ
çì³í ó äîñë³äæóâàíèõ òêàíèíàõ, çîêðåìà  â ÀÃÁ ³ ÃÏÁ.

ÂÏËÈÂ ÍÀÑË²ÄÊ²Â Ì²ÃÐÀÖ²ÉÍÈÕ ÏÐÎÖÅÑ²Â
ÍÀ ÑÈÑÒÅÌÓ ÇÎÂÍ²ØÍÜÎÃÎ ÄÈÕÀÍÍß ÌÎËÎÄÈÕ ÎÑ²Á

Í.Ñ. Ñàôðîíîâà, Î.Â. Ôîìåíêî, Å.Ñ. Ñåôåðîâ

Òàâð³éñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Â.². Âåðíàäñüêîãî, Ñ³ìôåðîïîëü

Ïðîáëåìà íàñë³äê³â ìàñîâèõ ïåðåñåëåíü º âêðàé àêòóàëüíîþ â æèòò³ Óêðà¿íè ³ îñîáëèâî Êðèìñüêî¿
àâòîíîì³¿, á³ëüøå äâîõñîò òèñÿ÷ íàñåëåííÿ ÿêî¿ çà îñòàíí³ ï³âñòîë³òòÿ ïåðåæèëî äâà ì³ãðàö³éí³ ïðîöåñè:
äåïîðòàö³þ äî Ñåðåäíüî¿ Àç³¿ ³ ïîâåðíåííÿ íàçàä. Ñîö³àëüí³, åêîëîã³÷í³, êë³ìàòîãåîãðàô³÷í³ íàñë³äêè
çì³íè ì³ñöÿ ïðîæèâàííÿ, ÿê ïðàâèëî, íåãàòèâíî â³äîáðàæàþòüñÿ íà ôóíêö³îíàëüíîìó ñòàí³, ÿêîñò³ àäàï-
òîãåíåçó ³, çðåøòîþ, íà ð³âí³ çäîðîâ�ÿ ì³ãðàíò³â ³ ¿õ ïîòîìñòâà. Ï³äâèùåíèé ³íòåðåñ ïðåäñòàâëÿº âèâ÷åí-
íÿ ôóíêö³îíàëüíèõ ðåçåðâ³â äèõàëüíî¿ ñèñòåìè, îñê³ëüêè ñàìå ïàòîëîã³¿ îðãàí³â äèõàííÿ çàéìàþòü äðó-
ãå ì³ñöå â çàãàëüí³é çàõâîðþâàíîñò³ ðåïàòð³àíò³â Êðèìó, îñîáëèâî ä³òåé ³ ìîëîä³. Ìåòîþ íàøî¿ ðîáîòè
áóëî âèÿâèòè îñîáëèâîñò³ ïðèñòîñóâàëüíèõ ðåàêö³é ñèñòåìè çîâí³øíüîãî äèõàííÿ ó îñ³á ìîëîäîãî
â³êó, ÿê³ ïðÿìî àáî ïîá³÷íî ï³ääàëèñÿ íàñë³äêàì ì³ãðàö³¿. Íàìè áóëî îáñòåæåíî äâ³ ãðóïè ÷îëîâ³ê³â
â³êîì â³ä 18 äî 22 ðîê³â, ÿêèõ ìîæíà ç³ñòàâèòè çà ð³âíåì ïîâñÿêäåííî¿ ðóõîâî¿ àêòèâíîñò³ ³, ùî íå
ìàþòü õðîí³÷íèõ çàõâîðþâàíü äèõàëüíî¿ ³ ñåðöåâî-ñóäèííî¿ ñèñòåì. Ïåðøó ãðóïó (n=14) ñêëàëè îñî-
áè, ùî íàðîäèëèñÿ â Ñåðåäí³é Àç³¿, ì³ãðóâàëè äî Êðèìó ³ ïðîæèëè òàì íå ìåíøå í³æ 10 ðîê³â, äðóãó
(n=11) � îáñòåæóâàí³, ÿê³ íàðîäèëèñÿ â Êðèìó â³ä áàòüê³â-ì³ãðàíò³â. Ðåçóëüòàòè äîñë³äæåííÿ ñâ³ä÷èëè,
ùî â ñòàí³ ñïîêîþ çíà÷åííÿ îá�ºìó ëåãåíåâî¿ âåíòèëÿö³¿ ì³æ ãðóïàìè äîñòîâ³ðíî íå â³äð³çíÿëèñÿ. Ïðîòå
íà âñ³õ ñòóïåíÿõ òåñòóâàëüíîãî íàâàíòàæåííÿ (50-100-150-200 Âò) âåëè÷èíè ÌÎÄ ó ìîëîäèõ ëþäåé
ïåðøî¿ ãðóïè áóëè íèæ÷èìè íà 5�10 ë/õâ (Ð<0,05). Åêîíîì³çàö³ÿ âåíòèëÿòîðíî¿ ôóíêö³¿ ëåãåí³â ó îñ³á-
ì³ãðàíò³â ï³ä ÷àñ ô³çè÷íîãî íàâàíòàæåííÿ âèçíà÷àëàñÿ ìåíø âèðàæåíèì ïðèðîñòîì ÷àñòîòíîãî êîìïî-
íåíòó ïðè äèíàì³÷íîìó çá³ëüøåíí³ îá�ºìíîãî. Ïðè öüîìó ó îáñòåæóâàíèõ ïåðøî¿ ãðóïè ïîì³òíå çìåí-
øåííÿ âåíòèëÿö³éíîãî åêâ³âàëåíòó çà êèñíåì ñâ³ä÷èëî ïðî íèæ÷ó åíåðãåòè÷íó âàðò³ñòü ëåãåíåâî¿
âåíòèëÿö³¿ â óìîâàõ íàïðóæåíî¿ ì�ÿçîâî¿ ðîáîòè. Òàêèì ÷èíîì, íàø³ ðåçóëüòàòè âèÿâèëè íàÿâí³ñòü çíè-
æåíèõ ôóíêö³îíàëüíèõ ðåçåðâ³â ñèñòåìè çîâí³øíüîãî äèõàííÿ ó ìîëîäèõ ëþäåé, ùî íàðîäèëèñÿ â³ä
áàòüê³â-ì³ãðàíò³â. Ïðîáëåìà, ùî âèâ÷àºòüñÿ, âèìàãàº ïîäàëüøîãî ïîãëèáëåíîãî ðîçãëÿäó ³ ðîçðîáêè
ðåêîìåíäàö³é ç ïèòàíü îïòèì³çàö³¿ ïðîöåñ³â àäàïòîãåíåçó ö³º¿ êàòåãîð³¿ îñ³á.
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EFFECTS OF ONE TRAINING SESSION OF INTERMITTENT HYPOXIA
ON HUMAN HEMATOPOIETIC STEM CELLS AND PARAMETERS OF IMMUNE SYSTEM

Tatiana Serebrovska1, Igor Nikolsky2, Vadim Ishchuk3

1O.O. Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, Kiev,
2Institute of Genetic and Regenerative Medicine, Academy of Medical Sciences, Kiev;
3State Institute of Gerontology, Academy of Medical Sciences, Kiev
sereb@biph.kiev.ua

Hematopoietic stem cells (HSCs) are one of the earliest elements in well-organized chain of cell proliferation,
differentiation and migration which leads to formation of all blood cells. Different oxygen pressures and time of
hypoxic exposure could play important and varying roles in stem cells development. Because intermittent hypoxia
training (IHT) becomes more and more popular in medical and sport practice, we decided to investigate the effects
of one-shot impact of hypoxic exposure on HSCs. Four healthy male volunteers (age 30,9±0,6 yr) participated in
the study and  gave their informed consent. With the subjects in a sitting position, normobaric hypoxia was
administered with a complex �Hypoxotron� (Serebrovska et al., 2009).  The four periods of hypoxia were separated
by three 5-min periods of room air inspiration.  Initial inspired gas composition (Fi) was 20.9% O2 and 79.1% N2.
During first 1-1.5 min of rebreathing FiO2 fell progressively with body utilization until FiO2 of 10% was reached.
Then O2 was added gradually to the Hypoxotron to maintain FiO2 at 10% during the remaining 3.5-4 min.  The
final SaO2 was about 80-82 %. Venous blood was drawn from the median antecubital vein just before the session
(I examination), during last seconds of 2nd and 4th hypoxic cycles(II and III examinations), 15 min and 30 min
after the session (IY and Y examinations). The content of CD45+CD34+-cells in peripheral blood was studied
according to standard direct immunofluorescence techniques with a FACScan® (Becton Dickinson & Co.).
Immune indices were determined by routine methods. CD45+34+-cells in peripheral blood are found in very small
quantity (vary from 0.74 to 1.95 cells/mkl, mean value = 1.35±0.51 /mkl). As a result of one session of IHT, the
level of CD45+34+ showed significant increase at 2nd and 4th hypoxic cycles (by 85% and 51%, respectively)
which continued to be at higher level 15 min after the session  (by 53 %) and returned to initial level 30 min after
the session. Red blood cell indices (Hb, Ht, erythrocytes)did not change under hypoxic impacts except reticulocyte
count which showed the trend to an increase during the session (by 37%) and significant augmentation (by 150%)
in 15 min after the session. Leukocyte count increased during the session by 25%, basically of segment nuclear
leukocytes. No changes in non-specific immune resistance indices was observed. We suppose that short exogenous
hypoxic impacts lead to the migration of HSCs from niches into circulation.
ALGORITHMS FOR THE ASSESSMENT OF INTERMITTENT HYPOXIA APPLICATION SAFETY
AND EFFICACY IN SPORT PRACTICE

Alexandr Serebrovsky1, Tatiana Serebrovska2

1Institute for Mathematical Machines and System Problems;
2O.O. Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, Kiev

During last decade the interest to intermittent hypoxia training (IHT) among sport teams of different kinds of
sport raises manifold. The protocols are very different in FSU countries and in the west. A traditional treatment
protocol in FSU countries comprises repeated exposures to hypoxic air breathing, altered with breathing
ambient (normoxic) air. The marked individual variability in the response to, and tolerance of, hypoxia is
described. A reduction in the partial pressure of inspired oxygen may be the risk factor threatening negative
events. Meanwhile, there is the lack of evidences about strong evaluation of risk/benefit ratio during IHT.
The purpose of the study is to apply a new mathematician method - �Method of Expert Assessing Scales�
(MEAS) - for estimation of intermittent hypoxia application safety in human practice. MEAS dilates capabilities
of traditional probabilistic safety assessment and allows determining the danger degree at the most early
stage of its development and fulfilling well-timed actions for danger prevention. It includes the description of:
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a) hazard causal factors; b) situations as a set of values of causal factors; c) influences of separate factors
on the origin of basic events; d) joint influence of factors on basic events probability. The methodology
provides the forming of the system of indexes characterizing the risk of IHT negative effects and determination
of legitimate value scopes for basic physiological parameters; creation of the classification system allowing
to set human individual cardio-respiratory reactivity; development of proper IHT regimen for every class  of
individual reactivity taking into account the features of different kinds of sports. The last stipulates the
sampling of initial and final oxygen concentration in inspired air, time lag for every IHT session and breaks.
Complex application of logical-probabilistic methods and MEAS can become model-algorithmic basis for
information technology of the analysis of an organism�s state under hypoxic loading and forecast of pathological
events hazard during the continuation of the procedure.

Supported by STCU grant # 4299.

ÇÀËÅÆÍ²ÑÒÜ ÐÅÀÊÖ²É ÊÀÐÄ²ÎÐÅÑÏ²ÐÀÒÎÐÍÎ¯ ÑÈÑÒÅÌÈ ÍÀ Ã²ÏÎÊÑ²Þ
ÍÀÂÀÍÒÀÆÅÍÍß Â²Ä Ò-786→→→→→Ñ ÏÎË²ÌÎÐÔ²ÇÌÓ ÏÐÎÌÎÒÎÐÀ ÃÅÍÀ ENOS

Ì.Ì. Ô³ë³ïïîâ, Ñ.Á. Äðîçäîâñüêà, Ë.Ì.Êóçüì³íà

Íàö³îíàëüíèé óí³âåðñèòåò ô³çè÷íîãî âèõîâàííÿ ³ ñïîðòó Óêðà¿íè; Êè¿â

Â³äîìî, ùî ï³ä âïëèâîì ô³çè÷íèõ íàâàíòàæåíü â³äáóâàºòüñÿ ñòèìóëÿö³ÿ åêñïðåñ³¿ ³ ñèíòåçó NO (îêñèäó
àçîòó), ùî âèÿâëÿºòüñÿ ó ï³äâèùåíí³ éîãî êîíöåíòðàö³¿ ÿê ó ïëàçì³ êðîâ³, òàê ³ ó âèäèõóâàíîìó ïîâ³òð³.
NO âïëèâàº íà ñóäèííî-ðóõîâ³ ðåàêö³¿ òà áåðå ó÷àñòü ó ïðîöåñàõ àäàïòàö³¿ îðãàí³çìó äî ð³çíèõ âèä³â
ã³ïîêñ³¿. Ïîë³ìîðô³çìè ïðîìîòîðà ãåíà ôåðìåíòó åíäîòåë³àëüíî¿ NO-ñèíòàçè (eNOS) ñïðè÷èíÿþòü çìåí-
øåííÿ ñèíòåçó NO, à îòæå, âïëèâàþòü íà âíóòð³øíüîêë³òèíí³ ìåõàí³çìè êîìïåíñàö³¿ ã³ïîêñ³¿ íàâàíòà-
æåííÿ, ùî ìîæå âèÿâëÿòèñÿ ó çì³íàõ ãàçîîáì³íó îðãàí³çìó. Ìåòà íàøîãî äîñë³äæåííÿ � âèâ÷èòè âçàº-
ìîçâ�ÿçîê Ò-786→Ñ ïîë³ìîðô³çìó ïðîìîòîðà ãåíà eNOS ç îñîáëèâîñòÿìè ðåàêö³é êàðä³îðåñï³ðàòîðíî¿
ñèñòåìè íà ã³ïîêñ³þ íàâàíòàæåííÿ. Áóëî îáñòåæåíî 30 âèñîêîêâàë³ô³êîâàíèõ ñïîðòñìåí³â, ÿê³ çàéìà-
þòüñÿ àêàäåì³÷íîþ ãðåáëåþ. ÄÍÊ âèä³ëÿëè ç áóêàëüíîãî åï³òåë³þ. Ò-786→Ñ ïîë³ìîðô³çì ïðîìîòîðà
ãåíà eNOS âèçíà÷àëè ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ). Àäàïòàö³éí³ ðåêö³¿ êàðä³îðåñï³-
ðàòîðíî¿ ñèñòåìè îö³íþâàëè çà äîïîìîãîþ àâòîìàòè÷íîãî ãàçîàíàë³çàòîðà «Oxycon Pro» («Jeager»,
Í³ìå÷÷èíà). Òåñòóâàííÿ ïðîâîäèëè íà åðãîìåòð³ Concept 2 Indoor power. Ä³þ ã³ïîêñ³¿ íàâàíòàæåííÿ
îö³íþâàëè çà ìîæëèâîñòÿìè ïîñèëåííÿ ñïîæèâàííÿ êèñíþ òà õàðàêòåðîì ¿¿ êîìïåíñàö³¿ çà ðàõóíîê ìîæ-
ëèâîñòåé êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè. Âðàõîâóâàëè ïîêàçíèêè åêâ³âàëåíòíîñò³ ïîòóæíîñò³ íàâàíòàæåííÿ
êîæíîìó ë³òðó ñïîæèòîãî êèñíþ. Åêîíîì³÷í³ñòü ñèñòåìè çîâí³øíüîãî äèõàííÿ îö³íþâàëè çà âåíòèëÿö³é-
íèì åêâ³âàëåíòîì ³ êèñíåâèì åôåêòîì äèõàëüíîãî öèêëó, à åêîíîì³÷í³ñòü ñèñòåìè êðîâîîá³ãó çà êèñíå-
âèì ïóëüñîì. Äîñë³äæåííÿ äàëè çìîãó âèÿâèòè òåíäåíö³þ, ùî ó ñïîðòñìåí³â ç ãåíîòèïîì Ò/Ñ ïîòóæí³ñòü
ñèñòåìè äèõàííÿ ³ ìàêñèìàëüíà àåðîáíà ïðîäóêòèâí³ñòü âèùå, í³æ ó ñïîðòñìåí³â ç Ò/Ñ ãåíîòèïîì, àëå
åêîíîì³÷í³ñòü êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè ìåíøà. Ïðè ñòàíäàðòíîìó òåñò³ ç³ ñòóï³í÷àñòî-çðîñòàþ÷îþ
ïîòóæí³ñòþ âèêîíóâàíî¿ ðîáîòè äî ìîìåíòó â³äìîâè â³ä ¿¿ ïðîäîâæåííÿ ìàêñèìàëüíå ñïîæèâàííÿ êèñíþ
ó ñïîðòñìåí³â ç àëåëüíèìè âàð³àíòàìè Ò/Ò ³ Ò/Ñ ñòàíîâèëè 5371,7 ± 419,7; 4974,17 ìë/õâ ± 407,41 ìë/õâ
â³äïîâ³äíî.Ñïîæèâàííÿ êèñíþ íà 1 êã ìàñè ò³ëà ó ñïîðòñìåí³â ç Ò/Ò âàð³àíòîì òåæ ïåðåâèùóâàëî àíàëîã³÷íå
çíà÷åííÿ ó ñïîðòñìåí³â ç Ò/Ñ. Àíàë³ç çíà÷åíü äèõàëüíîãî êîåô³ö³ºíòó äàëî çìîãó ñòâåðäæóâàòè, ùî ó ñïîðò-
ñìåí³â ç âàð³àíòîì Ò/Ñ âèùà àêòèâí³ñòü àíàåðîáíèõ ïðîöåñ³â â åíåðãîçàáåçïå÷åíí³ (Ò/Ñ � 1,24±0,06; Ò/Ò �
1,11±0,07). Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî ì³æ ä³ÿëüí³ñòþ êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè ï³ä ÷àñ ô³çè÷-
íîãî íàâàíòàæåííÿ òà ïîë³ìîðô³çìîì ïðîìîòîðà ãåíà eNOS ³ñíóº çàëåæí³ñòü, àëå öå ïèòàííÿ âèìàãàº
äîäàòêîâèõ äîñë³äæåíü.
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Â.Ï. Ô³ë³ìîíåíêî

Õàðê³âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ì. Â.Í.Êàðàç³íà
Pavel.A.Kaliman@univer.kharkov.ua

Ãåìîêñèãåíàçà (ÃÎ) êàòàë³çóº äåãðàäàö³þ ãåìó, ùî çàïîá³ãàº íàêîïè÷åííþ öüîãî ïðîîêñèäàíòà ³ çàáåç-
ïå÷óº óòâîðåííÿ á³îëîã³÷íî àêòèâíèõ ïðîäóêò³â ðåàêö³¿, ÿêèì ïðèòàìàíí³ çàõèñí³ âëàñòèâîñò³. Çàõèñíèé
âïëèâ ³íäóêö³¿ ÃÎ ïîêàçàíî ïðè ð³çíèõ ïàòîëîã³ÿõ ëåãåí³â, îäíàê ïðè ðàáäîì³îë³ç³ ¿¿ ðîëü â öüîìó îðãàí³
íåäîñë³äæåíà. Îêñèä àçîòó ìàº àíòèîêñèäàíòí³ âëàñòèâîñò³, à òàêîæ áåðå ó÷àñòü â ðåãóëÿö³¿ ÃÎ-àêòèâ-
íîñò³. Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ âì³ñòó ãåìâì³ñíèõ ïðîäóêò³â, ÒÁÊ-àêòèâíèõ ïðîäóêò³â
(ÒÁÊ-ÀÏ) ³ êàðáîí³ëüíèõ ãðóï á³ëê³â (ÊÃÁ) ó ñèðîâàòö³ ³ ëåãåíÿõ ùóð³â, à òàêîæ ÃÎ-àêòèâíîñò³ â ëåãå-
íÿõ ïðè ðàáäîì³îë³ç³ íà ôîí³ ïîïåðåäíüîãî ââåäåííÿ äîíîðà NO � L-àðã³í³íó ³ ïðè ³íã³áóâàíí³ ÃÎ-
àêòèâíîñò³. Ïîêàçíèêè âèçíà÷àëè ñïåêòðîôîòîìåòðè÷íèìè ìåòîäàìè â ïîñòì³òîõîíäð³àëüí³é ôðàêö³¿
ëåãåí³â ³ ñèðîâàòö³ êðîâ³ ùóð³â çà äîáó ï³ñëÿ ââåäåííÿ ãë³öåðîëó (1ìë/100 ã). Ââåäåííÿ ãë³öåðîëó ñïðè-
÷èíþº íàêîïè÷åííÿ ãåìâì³ñíèõ ïðîäóêò³â ó ñèðîâàòö³ êðîâ³, ùî çóìîâëåíî âèâ³ëüíåííÿì ì³îãëîá³íó òà
ãåìîãëîá³íó ç³ çðóéíîâàíèõ ì�ÿç³â ³ åðèòðîöèò³â, â³äïîâ³äíî. Ðàí³øå íàìè áóëî âñòàíîâëåíî, ùî â ïåðø³
ãîäèíè ðàáäîì³îë³çó ï³äâèùóºòüñÿ âì³ñò çàãàëüíîãî ãåìó â ëåãåíÿõ, ÿêå çóìîâëåíî, î÷åâèäíî, éîãî
íàäõîäæåííÿì ³ç êðîâ�ÿíîãî ðóñëà. Íàêîïè÷åííÿ â³ëüíîãî ãåìó ñóïðîâîäæóºòüñÿ àêòèâàö³ºþ â³ëüíîðà-
äèêàëüíîãî îêèñíåííÿ � â ñèðîâàòö³ êðîâ³ òà ëåãåíÿõ ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ âì³ñòó ÒÁÊ-ÀÏ ³ ÊÃÁ.
Çà äîáó ï³ñëÿ ³í�ºêö³¿ ãë³öåðîëó â ëåãåíÿõ çá³ëüøóºòüñÿ òàêîæ ÃÎ-àêòèâí³ñòü, ùî, éìîâ³ðíî, îïîñåðåä-
êîâàíî íàêîïè÷åííÿì ãåìó ³ ñïðòè÷èíåíî ñèíòåçîì de novo ³íäóöèáåëüíî¿ ôîðìè ãåìîêñèãåíàçè � ÃÎ-
1. Ïîïåðåäíº ââåäåííÿ L-àðã³í³íó (60ìã/100 ã, âíóòð³øíüîî÷åðåâèííî) íå âïëèâàº íà íàêîïè÷åííÿ ãåì-
âì³ñíèõ ïðîäóêò³â ³ ÊÃÁ ó ñèðîâàòö³ êðîâ³, àëå äåùî çìåíøóº ï³äâèùåííÿ ÒÁÊ-ÀÏ. Ó ëåãåíÿõ äîíîð
NO ñïðè÷èíþº ³íäóêö³þ ÃÎ âæå â ïåðø³ ãîäèíè ðàáäîì³îë³çó ³ çàïîá³ãàº çá³ëüøåííþ âì³ñòó ë³ï³äíèõ ³
á³ëêîâèõ ïðîäóêò³â îêèñíåííÿ. Çàõèñíèé åôåêò L-àðã³í³íó ìîæå áóòè çóìîâëåíèé ÿê àíòèîêñèäàíòíèìè
âëàñòèâîñòÿìè NO, ùî óòâîðþºòüñÿ, òàê ³ á³ëüø ðàííüîþ ³íäóêö³ºþ ÃÎ, ùî çàáåçïå÷óº øâèäêå çíè-
æåííÿ êîíöåíòðàö³¿ â³ëüíîãî ãåìó â ëåãåíÿõ. Ââåäåííÿ ³íã³á³òîðà ÃÎ (Zn-ïðîòîïîðô³ðèíó, 2ìã/100 ã,
ï³äøê³ðíî) íå âïëèâàº íà äèíàì³êó ïîêàçíèê³â, ùî äîñë³äæóâàëèñü ó ñèðîâàòö³, îäíàê â ëåãåíÿõ  çàïî-
á³ãàº àêòèâàö³¿ ÃÎ ³ ïðèçâîäèòü äî íàêîïè÷åííÿ ÒÁÊ-ÀÏ ³ ÊÃÁ. Òàêèì ÷èíîì, ïðè ãë³öåðîëüí³é ìîäåë³
ðàáäîì³îë³çó â³äáóâàºòüñÿ àêòèâàö³ÿ â³ëüíîðàäèêàëüíèõ ïðîöåñ³â ó ñèðîâàòö³ êðîâ³ òà ëåãåíÿõ ùóð³â.
Ïîïåðåäíº ââåäåííÿ L-àðã³í³íó ìàº àíòèîêñèäàíòíèé åôåêò ó ëåãåíÿõ, ïðîâ³äíà ðîëü â ÿêîìó íàëåæèòü
àêòèâàö³¿ ÃÎ.

ÑÎÌÀÒÎÒÈÏÎËÎÃ²×Í² ÎÑÎÁËÈÂÎÑÒ² ÏÐÈÑÒÎÑÓÂÀÍÍß ÎÐÃÀÍ²ÇÌÓ ÌÎËÎÄ² Â²ÊÎÌ
Â²Ä 18 ÄÎ 20 ÐÎÊ²Â ÄÎ Ô²ÇÈ×ÍÈÕ ÍÀÂÀÍÒÀÆÅÍÜ ÀÅÐÎÁÍÎÃÎ ÒÀ ÀÍÀÅÐÎÁÍÎÃÎ
ÑÏÐßÌÓÂÀÍÍß Â ÓÌÎÂÀÕ Ð²ÇÍÎ¯ ÌÅÒÅÎÑÈÒÓÀÖ²¯

Þ.Ì. Ôóðìàí, Ñ.Þ. Íåñòåðîâà

Â³ííèöüêèé äåðæàâíèé ïåäàãîã³÷íèé óí³âåðñèòåò ³ì. Ìèõàéëà Êîöþáèíñüêîãî

ßê â³äîìî, íåñïðèÿòëèâà ìåòåîñèòóàö³ÿ âïëèâàº íà îðãàí³çì ëþäèíè. Ðàçîì ç òèì áðàêóº ³íôîðìàö³¿ ïðî
îñîáëèâîñò³ ïðèñòîñóâàííÿ äî íåñïðèÿòëèâèõ ìåòåîóìîâ îñ³á ç ð³çíèì ñîìàòîòèïîì. Àäàïòèâí³ ìîæëè-
âîñò³ îðãàí³çìó ëþäèíè çóìîâëåí³ ¿¿ ô³çè÷íèì çäîðîâ�ÿì, ÿêå ìîæíà îõàðàêòåðèçóâàòè çà ïðîÿâîì
àåðîáíî¿ ³, ïåâíîþ ì³ðîþ, àíàåðîáíî¿ ïðîäóêòèâíîñò³ îðãàí³çìó. Ó çâ�ÿçêó ç öèì íàìè ïðîâåäåíèé
àíàë³ç àåðîáíèõ ³ àíàåðîáíèõ ìîæëèâîñòåé îðãàí³çìó ìîëîä³ çà óìîâ ñïðèÿòëèâî¿ òà íåñïðèÿòëèâî¿
ìåòåîñèòóàö³¿. Ó äîñë³äæåíí³ áðàëè ó÷àñòü 114 þíàê³â ³ ä³â÷àò ç ð³çíèì ñîìàòîòèïîì, â³êîì â³ä 18 äî 20
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ðîê³â. Àíàë³çóþ÷è îòðèìàí³ ðåçóëüòàòè, ìîæíà êîíñòàòóâàòè, ùî çíèæåííÿ àáñîëþòíîãî ³ â³äíîñíîãî
çíà÷åíü ìàêñèìàëüíîãî ñïîæèâàííÿ êèñíþ çàðåºñòðîâàíî ó ä³â÷àò ç³ çáàëàíñîâàíèì, åêòîìîðôíèì ³
åíäîìîðôî-ìåçîìîðôíèì ñîìàòîòèïàìè. Ä³â÷àòà ç åíäîìîðôíèì òèïîì íå ðåàãóþòü çíèæåííÿì ïî-
òóæíîñò³ àåðîáíèõ ïðîöåñ³â åíåðãîçàáåçïå÷åííÿ íà íåñïðèÿòëèâó ìåòåîñèòóàö³þ. Öå ìîæå ñâ³ä÷èòè ïðî
êðàùèé ñòàí êàðä³îðåñï³ðàòîðíî¿ ñèñòåìè ïîð³âíÿíî ç ïðåäñòàâíèêàìè ³íøèõ ñîìàòîòèïîëîã³÷íèõ ãðóï.
Ó þíàê³â çíèæåííÿ àåðîáíî¿ ïðîäóêòèâíîñò³ îðãàí³çìó çà íåñïðèÿòëèâî¿ ìåòåîñèòóàö³¿ çàðåºñòðîâàíî ó
ïðåäñòàâíèê³â óñ³õ ñîìàòîòèïîëîã³÷íèõ ãðóï. Ç îãëÿäó íà òå, ùî â³äíîñíå çíà÷åííÿ ìàêñèìàëüíîãî
ñïîæèâàííÿ êèñíþ äàº ê³ëüê³ñíó õàðàêòåðèñòèêó ô³çè÷íîãî çäîðîâ�ÿ, ìîæíà ñòâåðäæóâàòè ïðî âèñî-
êèé ð³âåíü çäîðîâ�ÿ ó ä³â÷àò, îñê³ëüêè ð³âåíü ìàêñèìàëüíîãî ñïîæèâàííÿ êèñíþ â íèõ íà â³äì³íó â³ä
þíàê³â çàëèøàºòüñÿ «â³äì³ííèì» (çà ß.Ï.Ïÿðíàòîì) çà áóäü-ÿêî¿ ìåòåîñèòóàö³¿. Åôåêòèâí³ñòü àíàåðîá-
íîãî åíåðãîçàáåçïå÷åííÿ â óìîâàõ íåñïðèÿòëèâî¿ ìåòåîñèòóàö³¿ ó þíàê³â ³ ä³â÷àò òàêîæ çàëåæèòü â³ä
ñîìàòîòèïó. Ó þíàê³â ç³ çáàëàíñîâàíèì, åêòîìîðôíèì, åíäîìîðôî-ìåçîìîðôíèì ³ ìåçîìîðôíèì ñî-
ìàòîòèïàìè àíàåðîáí³ (ëàêòàòí³) ìîæëèâîñò³ îðãàí³çìó çà íåñïðèÿòëèâî¿ ìåòåîñèòóàö³¿ çàëèøàþòüñÿ áåç
³ñòîòíèõ çì³í. Â³ðîã³äíå çíèæåííÿ àíàåðîáíî¿ (ëàêòàòíî¿) ïðîäóêòèâíîñò³ çà íåñïðèÿòëèâî¿ ìåòåîñèòó-
àö³¿ çàðåºñòðîâàíî ó þíàê³â ç åíäîìîðôíèì òèïîì. Ó ä³â÷àò ç³ çáàëàíñîâàíèì, åíäîìîðôíèì ³ åêòîìîð-
ôíèì ñîìàòîòèïàìè ïðèñòîñóâàëüíà ðåàêö³ÿ îðãàí³çìó äî íåñïðèÿòëèâî¿ ìåòåîñèòóàö³¿ ïðîÿâëÿºòüñÿ
â³ðîã³äíèì çíèæåííÿì àíàåðîáíî¿ (ëàêòàòíî¿) ïðîäóêòèâíîñò³. Ëèøå ó ïðåäñòàâíèöü åíäîìîðôíî-ìåçî-
ìîðôíîãî ñîìàòîòèïó íå âèÿâëåíî â³ðîã³äíîãî çíèæåííÿ ºìíîñò³ àíàåðîáíèõ (ëàêòàòíèõ) ïðîöåñ³â åíåð-
ãîçàáåçïå÷åííÿ çà íåñïðèÿòëèâî¿ ìåòåîñèòóàö³¿.

ÏÎªÄÍÀÍÅ ²Ç ÔÎÒÎÏÅÐ²ÎÄÎÌ ²ÍÒÅÐÂÀËÜÍÅ Ã²ÏÎÊÑÈ×ÍÅ ÄÈÕÀÍÍß ßÊ ÑÏÎÑ²Á
ÊÎÍÒÐÎËÞ ÏÐÎÄÓÊÖ²¯ ÀÊÒÈÂÍÈÕ ÔÎÐÌ ÊÈÑÍÞ ² ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÃÎ ÇÀÕÈÑÒÓ

Ã.². Õîäîðîâñüêèé, Î.Â. ßñ³íñüêà, Â.². ßñ³íñüêèé, Î.Â. Êóçíºöîâà, Ñ.². Àíîõ³íà,
Â.². Øâåöü

Áóêîâèíñüêèé äåðæàâíèé ìåäè÷íèé óí³âåðñèòåò

Óòâîðåííÿ ³ ñåêðåö³ÿ àêòèâíèõ ôîðì êèñíþ (ÀÔÊ) ó ì³æêë³òèííèé ïðîñò³ð ³ ïëàçìó êðîâ³ º âàæëèâîþ
ëàíêîþ ïðî- òà àíòèîêñèäàíòíîãî ïðîöåñ³â. Ó öüîìó ïðîöåñ³ àêòèâàêö³ÿ ïåðîêñèäíîãî îêèñíåííÿ (ÏÎ)
çàâæäè âòîðèííà, à ïåðâèííèìè º ò³ ÷èííèêè in vivo, ÿê³ ðåãóëþþòü òà ³í³ö³þþòü ï³äâèùåííÿ óòâîðåííÿ
òà ñåêðåö³þ ÀÔÊ êë³òèíàìè ðèõëî¿ ñïîëó÷íî¿ òêàíèíè (öèðêóëþþ÷³ íåéòðîô³ëè ³ ìîíîöèòè, åíäîòåë³îöè-
òè, îñ³äë³ ìàêðîôàãè). Îäíèìè ³ç òàêèõ ÷èííèê³â º ã³ïîêñ³ÿ ³ ôîòîïåð³îä. Íèí³ ³íòåðâàëüíå ã³ïîêñè÷íå
òðåíóâàííÿ (²ÃÒ) çàñòîñóºòüñÿ ÿê çàñ³á ï³äâèùåííÿ ôóíêö³îíàëüíî¿ ñò³éêîñò³ äî ã³ïîêñ³¿ ³ ôîðìóâàííÿ
âèñîêîãî ð³âíÿ àäàïòàö³é äî ð³çíèõ ÷èííèê³â çîâí³øíüîãî ³ âíóòð³øíüîãî ñåðåäîâèù îðãàí³çìó. Íàø³
äîñë³äæåííÿ íà á³ëèõ ùóðàõ ð³çíîãî â³êó ³ ñòàò³, ç âèêîðèñòàííÿì  âëàñíî¿ ìîäåë³ ³íòåðâàëüíî¿ ã³ïîáà-
ðè÷íî¿ (ó ïðîòî÷í³é  êàìåð³) ã³ïîêñ³¿ â ïîºäíàíí³ ç ð³çíîþ òðèâàë³ñòþ ôîòîïåð³îäó âïðîäîâæ 7 ä³á ïî 6
ãîä êîæåí äåíü ïåðåêîíëèâî ïîêàçàëè çàëåæí³ñòü ïîêàçíèê³â ïåðîêñèäíîãî îêèñíåííÿ ë³ï³ä³â ³ á³ëê³â òà
àêòèâíîñò³ àíòèîêñèäàíòíèõ ôåðìåíò³â (ñóïåðîêñèääèñìóòàçà, êàòàëàçà) â³ä òîãî, ÿê³ êîìá³íàö³¿ çîâí³øí³õ
÷èííèê³â çàñòîñóâàëèñÿ. Ó äåÿêèõ åêñïåðèìåíòàëüíèõ ³ êë³í³÷íèõ äîñë³äæåííÿõ ³íøèõ àâòîð³â ïðîäå-
ìîíñòîâàí³ ð³çí³ ìîäåë³ ²ÒÃ òà ¿õ åôåêòèâí³ñòü íà ñóáêë³òèííîìó òà êë³òèííîìó é îðãàí³çìåííîìó ð³âíÿõ.
Âëàñí³ ðåçóëüòàòè, à òàêîæ äàí³ ë³òåðàòóðè ñòâîðèëè îñíîâó äëÿ òîãî, ùîá ñòâåðäæóâàòè ïðî ìîæ-
ëèâ³ñòü ö³ëåñïðÿìîâàíîãî âïëèâó íà ïðîäóêö³þ ÀÔÊ ³ â³äïîâ³äíî àíòèîêñèäàíòíèé çàõèñò îðãàí³çìó
÷åðåç ïîºäíàíe çàñòîñóâàííÿ ³íòåðâàëüíî¿ ã³ïîáàðè÷íî¿ ã³ïîêñ³¿ ³ ð³çíî¿ òðèâàëîñò³ ôîòîïåð³îäó.
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ÔÓÍÊÖ²ÎÍÀËÜÍÀ ÀÊÒÈÂÍ²ÑÒÜ ÊË²ÒÈÍ ÏÅ×²ÍÊÈ ÏÐÈ ÂÏËÈÂ² ÍÎÐÌÎÁÀÐÈ×ÍÎ¯
Ã²ÏÎÊÑ²¯ ÑÀÍÎÃÅÍÍÎÃÎ Ð²ÂÍß

Î.Ã.×àêà, Ð.Â. ßíêî

²íñòèòóò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â

Ðîçð³çíÿþòü ³íäèôåðåíòíèé, ñàíîãåííèé, ïàòîãåííèé òà àá³îãåííèé ð³âí³ ã³ïîêñ³¿. Ñàíîãåííà ã³ïîêñ³ÿ â
ñó÷àñí³é ìåäèöèí³ âèêîðèñòîâóºòüñÿ äëÿ ë³êóâàííÿ òà ïðîô³ëàêòèêè áàãàòüîõ çàõâîðþâàíü ÿê ôàêòîð
àêòèâàö³¿ êîìïåíñàòîðíî-ïðèñòîñóâàëüíèõ ðåàêö³é îðãàí³çìó òîùî. Ïðîòå íåäîñòàòíüî âèâ÷åíèì çàëè-
øàºòüñÿ  âïëèâ ã³ïîêñ³¿ ñàíîãåííîãî ð³âíÿ íà ôóíêö³îíàëüíó ä³ÿëüí³ñòü òà ðåãåíåðàòîðíèé ñòàí ãåïàòî-
öèò³â. Ìåòîþ ïðîâåäåíèõ äîñë³äæåíü áóëî äîñë³äèòè çì³íè ã³ñòîëîã³÷íèõ ³ á³îõ³ì³÷íèõ ïîêàçíèê³â ôóí-
êö³îíàëüíî¿ ä³ÿëüíîñò³ ³ ðåãåíåðàö³¿ ãåïàòîöèò³â ó ùóð³â ï³ä âïëèâîì äîçîâàíî¿ íîðìîáàðè÷íî¿ ã³ïîêñ³¿
(ÄÍÃ). Äîñë³äæåííÿ ïðîâåäåíî íà 28 ùóðàõ ñàìöÿõ ë³í³¿ Â³ñòàð â³êîì 6 ì³ñ. Óñ³õ òâàðèí ðîçä³ëè íà
÷îòèðè ãðóïè: ² òà ²²² - êîíòðîëüí³ òâàðèíè. Òâàðèíè ²² òà IV � çàçíàâàëè âïëèâó ÄÍÃ ïðîòÿãîì 14 òà 28
ä³á â³äïîâ³äíî. Ã³ïîêñè÷íó ãàçîâó ñóì³ø ç ïàðö³àëüíèì òèñêîì êèñíþ 90�100 ìì ðò.ñò. ïîäàâàëè ïî 1
ãîä ùîäåííî â íåïðåðèâ÷àñòîìó ðåæèì³. Ó ùóð³â, ùî îòðèìóâàëè ÄÍÃ ñïîñòåð³ãàëè çíèæåííÿ àêòèâ-
íîñò³ ãëþêîçî-6-ôîñôàòàçè â ñóñïåíç³¿ ì³òîõîíäð³é ãåïàòîöèò³â. Ó òâàðèí ²² ãðóïè öåé ïîêàçíèê çìåí-
øèâñÿ íà 34%, à â IV ãðóï³ � íà 50%. Çíèæåííÿ àêòèâíîñò³ ãëþêîçî-6-ôîîñôàòàçè, îäíîãî ç êëþ÷îâèõ
ôåðìåíò³â ãë³êîíåîãåíåçó, âêàçóº íà ãàëüìóâàííÿ ïðîöåñ³â ñèíòåçó ãë³êîãåíó. Àêòèâí³ñòü ñóêöèíàòäåã-
³äðîãåíàçè (ÑÄÃ) ó ùóð³â, ÿê³ äèõàëè ã³ïîêñè÷íîþ ãàçîâîþ ñóì³øøþ ïðîòÿãîì 14 ä³á, íå â³äð³çíÿëàñÿ
â³ä êîíòðîëüíèõ çíà÷åíü Ï³ñëÿ 28 ä³á ã³ïîêñè÷íèõ ñåàíñ³â àêòèâí³ñòü ÑÄÃ â³ðîã³äíî çá³ëüøèëàñÿ íà
51%. Ï³äâèùåííÿ àêòèâíîñò³ ÑÄÃ ìîæå ñâ³ä÷èòè ïðî àêòèâàö³þ àåðîáíîãî îêèñíåííÿ òà ï³äâèùåííÿ
åíåðãåòè÷íîãî ïîòåíö³àëó êë³òèí, ùî ìîæå â³ä³ãðàâàòè çàõèñíó ðîëü ïðè ã³ïîêñ³¿. Çàãàëüíà ê³ëüê³ñòü
ãåïàòîöèò³â ó ùóð³â ²² ãðóïè íå çì³íèëàñÿ, à ÷èñëî äâîÿäåðíèõ ãåïàòîöèò³â â³ðîã³äíî çá³ëüøèëîñÿ íà
50%. Ó ùóð³â IV ãðóïè çàãàëüíà ê³ëüê³ñòü ãåïàòîöèò³â çá³ëüøèëîñÿ íà 20%, à äâîÿäåðíèõ � íà 40%.
Ï³äâèùåííÿ ê³ëüêîñò³ ãåïàòîöèò³â, îñîáëèâî äâîÿäåðíèõ, âêàçóº íà ³íòåíñèô³êàö³þ ðåãåíåðàö³¿ ïàðåíõ³-
ìè ïå÷³íêè. ßäåðíî-öèòîïëàçìàòè÷íå ñï³ââ³äíîøåííÿ ï³ñëÿ 14 ³ 28 ä³á ÄÍÃ çá³ëüøèëîñÿ íà 14 òà 19%
â³äïîâ³äíî. Çá³ëüøåííÿ ³íäåêñà Ãåðòâ³ãà ìîæå ñâ³ä÷èòè ïðî ï³äâèùåííÿ ôóíêö³îíàëüíî¿ àòèâíîñò³ êë³òè-
íè; ï³äãîòîâêó êë³òèíè äî ì³òîçó, â ðåçóëüòàò³ ñèíòåçó íóêëå¿íîâèõ êèñëîò òà á³ëê³â; çá³ëüøåííÿ ïëî¿ä-
íîñò³ ãåïàòîöèò³â, îñê³ëüêè ó ïðîöåñ³ ðåãåíåðàö³¿ çá³ëüøóºòüñÿ ÷èñëî òåòðà- ³ îêòàïëî¿äíèõ êë³òèí. Îòðè-
ìàí³ íàìè ðåçóëüòàòè ñâ³ä÷àòü ïðî ñòèìóëþâàëüíèé âïëèâ ñàíîãåííî¿ ã³ïîêñ³¿ íà ôóíêö³îíàëüíó àêòèâí³ñòü
ãåïàòîöèò³â ³ ðåãåíåðàö³þ ïàðåíõ³ìè ïå÷³íêè.
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