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äîñë³äæåíü. Ïðîòå â ìàéáóòíüîìó ñòàíóòü ìîæëèâèìè
åôåêòèâí³ òà íàä³éí³ ìåòîäè ïðîô³ëàêòèêè é ë³êóâàííÿ
ðàêó, ùî º äóæå àêòóàëüíîþ ïðîáëåìîþ.

Summary. Today nanomedicine is on early stage of
development, as the usage of graphene in medicine. It needs
a lot of long and troublesome researches to involve
graphene(it) into medical application, but we can reach
effective and reliable methods of treatment of cancer in the
future.

—œ≈ “–¿À‹Õ≤ ¬À¿—“»¬Œ—“≤ Õ≤ Œ“»Õ¿Ã≤ƒ”
“¿ …Œ√Œ  Œ‘≈–Ã≈Õ“Õ»’ ‘Œ–Ã ñ —»—“≈Ã»

Õ¿ƒ+/Õ¿ƒÕ

SPECTRAL PROPERTIES NICOTINAMIDE AND
ITS COENZYME FORMS ñ SYSTEMS NAD+/NADH

Ãàéîâà Ë.Â., Îáåðí³õ³íà Í.Â. /
L. Gayova, N. Obernikhina

Íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò
³ìåí³ Î.Î. Áîãîìîëüöÿ
Êàôåäðà á³îîðãàí³÷íî¿ òà á³îëîã³÷íî¿ õ³ì³¿
(çàâ.êàô.: ïðîô. Ë.Â. Ãàéîâà)
ì. Êè¿â, Óêðà¿íà

Í³êîòèíîâà êèñëîòà ³ í³êîòèíàì³ä º ðå÷îâèíàìè, íåîá-
õ³äíèìè äëÿ æèòòºä³ÿëüíîñò³ âñ³õ òâàðèíèõ îðãàí³çì³â.
Âîíè âõîäÿòü äî ñêëàäó êîôåðìåíò³â í³êîòèíàì³äàäåí³í-
äèíóêëåîòèäó (ÍÀÄ+) òà í³êîòèíàì³äàäåí³íäèíóêëåîòèä-
ôîñôàòó (ÍÀÄÔ+) ³ ðàçîì ç àïîôåðìåíòàìè êàòàë³çóþòü
îêèñëþâàëüíî-â³äíîâí³ ðåàêö³¿ êë³òèííîãî îáì³íó. Á³îõ³ì-
³÷íó ðîëü â³òàì³í ÐÐ â³ä³ãðàº ó ôîðì³ êîôåðìåíòó ÍÀÄ+.
Öåé êîôåðìåíò âõîäèòü â ÷èñëåííó ãðóïó äåã³äðîãåíàç,
ÿê³ áåðóòü ó÷àñòü ìàéæå â 150 ð³çíèõ á³îõ³ì³÷íèõ ðåàêö³ÿõ
äåã³äðóâàííÿ, îêèñëåííÿ, N-àëê³ëóâàííÿ, ³çîìåðèçàö³¿, ó
â³äíîâëåíí³ í³òðàòó äî í³òðèòó ³ äàë³ äî àì³àêó, ôîòîñèí-
òåç³, äèõàíí³, åíåðãåòè÷íîìó îáì³í³, àíàåðîáíîìó ðîç-
ùåïëåíí³ âóãëåâîä³â ³ ò. ä.

Ìåõàí³çì í³êîòèíàì³äíîãî á³îêàòàë³çó ïîëÿãàº ó çâî-
ðîòí³õ ïåðåõîäàõ í³êîòèíàì³äíîãî ê³ëüöÿ â îêèñíåíó àáî
â³äíîâëåíó ôîðìó: ÍÀÄ+!ÍÀÄ-Í; ÍÀÄÔ+!ÍÀÄÔ-Í,
ñòàíäàðòíèé åëåêòðîäíèé ïîòåíö³àë îêèñëþâàëüíî-
â³äíîâíî¿ ïàðè ÍÀÄ+/ÍÀÄÍ ñòàíîâèòü – 0,32 âîëüò, òîìó
ÍÀÄÍ ââàæàºòüñÿ ñèëüíèì â³äíîâíèêîì.

Ìîëåêóëè ÍÀÄ+ ³ ÍÀÄÔ+ â îêèñëåíî¿ ôîðì³ ìàþòü
âèðàæåí³ âëàñòèâîñò³ àêöåïòîð³â. Ìîæíà çðîáèòè âèñíî-
âîê, ùî â îñíîâ³ ìåõàí³çìó õ³ì³÷íî¿ ä³¿ öèõ êîôåðìåíò³â
ëåæèòü âèñîêà ñïîð³äíåí³ñòü í³êîòèíàì³äó äî åëåêòðîíó.
Íà îñíîâ³ êâàíòîâî¿ ìåõàí³êè öå âèçíà÷àºòüñÿ åíåðã³ºþ
éîãî íèæ÷î¿ â³ëüíî¿ ìîëåêóëÿðíî¿ îðá³òàë³ (-7.71 åÂ). Äëÿ
ðîçðàõóíêó ñïåêòðó ïîãëèíàííÿ í³êîòèíàì³äó áóëè âèêî-
ðèñòàí³ íàï³âåìï³ðè÷í³ âåðñ³¿ ìåòîäó Õàðòð³-Ôîêà. Ìåòî-
äîì PM3 çä³éñíþâàëàñü îïòèì³çàö³ÿ ãåîìåòð³¿, ïðîâîäèâ-
ñÿ ðîçðàõóíîê êîëèâàëüíîãî ñïåêòðà. Ìåòîäîì ZINDO/S
îá÷èñëþâàëèñü åëåêòðîíí³ ïåðåõîäè í³êîòèíàì³äó â
îêèñëåí³é ôîðì³. Ìåòîä ZINDO/S º âåðñ³ºþ ìåòîäà
INDO, ïàðàìåòðè ÿêîãî ñïåö³àëüíî ï³ä³áðàí³ äëÿ â³äòâî-
ðåííÿ ÓÔ ³ âèäèìèõ îïòè÷íèõ ïåðåõîä³â. ßê ïîêàçàâ êâàí-

òîâî-õ³ì³÷íèé ðîçðàõóíîê, ïåðøèé åëåêòðîííèé ïåðåõ³ä â
ìîëåêóë³ í³êîòèíàì³äó ñïîñòåð³ãàºòüñÿ ïðè 260 íì (âàêó-
óì), ùî òàêîæ áóëî ï³äòâåðäæåíî åêñïåðèìåíòàëüíî ó
âîäíîìó ðîç÷èí³ – 261,5 íì.

Ïðè ìîäåëþâàíí³ êâàíòîâî-õ³ì³÷íîãî ðîçðàõóíêó ñè-
ñòåìè ÍÀÄ+/ÍÀÄÍ ðîçãëÿíóòèìè âèùå ìåòîäàìè ó âà-
êóì³ ñïîñòåð³ãþòüñÿ åëåêòðîíí³ ïåðåõîäè, ÿê³ äîáðå óç-
ãîäæóþòüñÿ ç åêñïåðèìåíòàëüíèìè äàíèìè. ßêùî æ
ðîçãÿíóòè ñïåêòðè ïîãëèíàííÿ ó âîäíîìó ðîç÷èí³ ÍÀÄ+/
ÍÀÄÍ, òî äëÿ îêèñëåíî¿ ôîðìè (ÍÀÄ+) ñïîñòåð³ãàºòüñÿ
ò³ëüêè îäèí ìàêñèìóì ïîãëèíàííÿ ïðè äîâæèí³ õâèë³ 260
íì, à äëÿ â³äíîâëåíî¿ ôîðìè (ÍÀÄÍ) – äâà: ïðè 260 íì òà
340 íì.

Âèñíîâêè. Ïðîàíàë³çóâàâøè åêñïåðèìåíòàëüí³ ñïåê-
òðàëüí³ äàí³ í³êîòèíàì³äó, ñèñòåìè ÍÀÄ+/ÍÀÄÍ ìîæíà
çðîáèòè âèñíîâîê, ùî ïðîöåñ â³äíîâëåííÿ ÍÀÄ+ äî
ÍÀÄÍ â³äáóâàºòüñÿ áåç çì³íè áóäîâè ï³ðèäèíîâîãî ÿäðà
í³êîòèíàì³äó ³ â ïîäàëüøîìó áóäå ðîçãëÿíóòî íà ³íøèõ
ìîäåëüíèõ ñèñòåìàõ.

Summary. Considered and analyzed electronic and
spectral properties of nicotinamide, systems NAD+/NADH.
The results of quantum-chemical calculations are in good
agreement with experimental data.
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Àêòóàëüí³ñòü. Çëîÿê³ñí³ ïóõëèíè çàëèøàþòüñÿ îä-
í³ºþ ç íàéñêëàäí³øèõ ìåäèêî-á³îëîã³÷íèõ ïðîáëåì. Ïîçè-
òèâíèé ðåçóëüòàò òåðàï³¿ îíêîëîã³÷íèõ õâîðèõ çàëåæèòü â³ä
ðàííüî¿ ä³àãíîñòèêè òà ïðîâåäåííÿ â÷àñíîãî ìåäèêàìåí-
òîç íîãî àáî õ³ðóðã³÷íîãî âòðó÷àííÿ. Îäíàê ó á³ëüøîñò³
âèïàäê³â íå ëèøå òðàíñôîðìàö³ÿ íîðìàëüíî¿ êë³òèíè â
çëîÿê³ñíó, àëå é ôîðìóâàííÿ ïóõëèííîãî âîãíèùà çàëè-
øàºòüñÿ íåâèçíà÷åíèì àæ äî êë³í³÷íîãî ïðîÿâó õâîðîáè.
Òîìó àêòóàëüíîþ ïðîáëåìîþ â óñüîìó ñâ³ò³ º ïîøóê íî-
âèõ ìåòîä³â ðàííüî¿ ä³àãíîñòèêè ïóõëèí òà ë³êàðñüêèõ çà-
ñîá³â, ÿê³ ìàþòü âèá³ðêîâó ä³þ íà çëîÿê³ñí³ êë³òèíè. Âåëèê³
ñïîä³âàííÿ ó äîñÿãíåíí³ çàçíà÷åíî¿ ìåòè ïîêëàäàþòü íà
ñòð³ìêèé ðîçâèòîê íàíîòåõíîëîã³é.

Ìåòà. Âèçíà÷èòè ðîëü òà ìåòîäè ë³êóâàííÿ ³ ä³àãíîñòèêè
îíêîëîã³÷íèõ çàõâîðþâàíü çà äîïîìîãîþ íàíîòåõíîëîã³é.

Ìàòåð³àëè òà ìåòîäè. Ìàëèé ðîçì³ð íàíî÷àñòèíîê
íàä³ëÿº ¿õ âëàñòèâîñòÿìè, ÿê³ ìîæóòü áóòè äóæå êîðèñíè-
ìè â îíêîëîã³¿, îñîáëèâî â îòðèìàíí³ çí³ìê³â. Êâàíòîâ³
òî÷êè (íàíî÷àñòèíêè ç êâàíòîâî îáìåæåíèìè âëàñòèâîñ-


