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Íîâ³òí³ áëîêàòîðè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â
(3-êàðáîêñàì³äèíî-2-îêñî-2Í-õðîìåí-7-²Ë)-4-ãóàí³äèíî-
áåíçîàòè

²øåì³÷íèé ³íñóëüò  îäíà ç íàéá³ëüø òÿæêèõ ïàòîëîã³é ãîëîâíîãî ìîçêó, ùî âêðàé âàæêî
ï³ääàºòüñÿ òåðàï³¿. Íåùîäàâíî áóëî âñòàíîâëåíî, ùî ïðè ³øåì³÷íîìó ³íñóëüò³ â³äáóâàºòüñÿ
ïàòîëîã³÷íà àêòèâàö³ÿ ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â (ASIC) ï³äòèïó, êîòðà º îäí³ºþ ç êëþ÷îâèõ
ïðè÷èí çàãèáåë³ íåéðîí³â ãîëîâíîãî ìîçêó. Ñèíòåçîâàí³ íàìè ïîõ³äí³ 3-êàðáîêñàì³äèíîêóìàðèí³â
åôåêòèâíî òà êîíöåíòðàö³éíîçàëåæíî ³íã³áóþòü àêòèâí³ñòü ASIC-êàíàë³â òèïó 1a òà 3.
Íàéá³ëüø àêòèâíà ñïîëóêà ïðèãí³÷óº ASIC-ñòðóìè ç êîíöåíòðàö³ÿìè ïîëîâèííîãî ïðèãí³÷åííÿ
7,3 òà 13,2 ìêìîëü/ë äëÿ ASIC1a- òà ASIC3-ñòðóìó â³äïîâ³äíî. Íàø³ ðåçóëüòàòè âêàçóþòü íà
òå, ùî 3-êàðáîêñàì³äèíîêóìàðèíè ìîæóòü áóòè âèêîðèñòàí³ ÿê ñòðóêòóðíà îñíîâà äëÿ
ãåíåðàö³¿ íîâîãî ïîêîë³ííÿ âèñîêîåôåêòèâíèõ àíòè³øåì³÷íèõ ïðåïàðàò³â.
Êëþ÷îâ³ ñëîâà: 3-àì³äèíî-7-ã³äðîêñèêóìàðèíè, (3-êàðáîêñàì³äèíî-2-îêñî-2Í-õðîìåí-7-³ë)-4-
ãóàí³äèíîáåíçîàòè, áëîêàòîðè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â, àíòè³øåì³÷í³ ïðåïàðàòè.
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ÂÑÒÓÏ

²øåì³÷íèé ³íñóëüò �  îäíà ç  íàéá³ëüø
òÿæêèõ ïàòîëîã³é ìîçêó, êîòðà âêðàé âàæêî
ï³ääàºòüñÿ ë³êóâàííþ. Â³äîìî, ùî ñàìå
íåéðîíè öåíòðàëüíî¿ íåðâîâî¿ ñèñòåìè
(ÖÍÑ)  º  îäíèìè ç  íàé÷óòëèâ ³øèõ äî
³øåì³÷íîãî óðàæåííÿ êë³òèí îðãàí³çìó.
Íàéá³ëüøîþ ïðîáëåìîþ ö³º¿ õâîðîáè º
íåçâîðîòíà ³íâàë³äèçàö³ÿ ïàö³ºíòà, êîòðà
ñóòòºâî ïîã³ðøóº ÿê³ñòü æèòòÿ, àæ äî ïîâíî¿
íåñïðîìîæíîñò³ ñàìîñò³éíî çàäîâîëüíÿòè
íàéåëåìåíòàðí³ø³ ïîáóòîâ³ ïîòðåáè.

Âñòàíîâëåíî, ùî àêòèâàö³ÿ ðÍ-÷óòëèâèõ
³îííèõ êàíàë³â (ASIC â³ä àíãë. acid-sensing
ion channel), à ñàìå ï³äòèïó 1à, âíàñë³äîê
ðîçâèòêó ³øåì³÷íîãî àöèäîçó, º îäí³ºþ ç
êëþ÷îâèõ ïðè÷èí çàãèáåë³ íåéðîí³â ãîëîâ-
íîãî ìîçêó [11]. Ïîêàçàíî, ùî íåéðîòîê-
ñè÷íèé åôåêò â îñíîâíîìó äîñÿãàºòüñÿ
âíàñë³äîê íàäì³ðíîãî ï³äâèùåííÿ âíóòð³ø-
íüîêë³òèííî¿ êîíöåíòðàö³¿ ³îí³â êàëüö³þ, ùî
ïðîíèêàþòü ÷åðåç ASIC1a-ïðîâ³äíîñò³

âíàñë³äîê ¿õ ïàòîëîã³÷íî¿ àêòèâàö³¿ àöè-
äîçîì.

Ðàí³øå ââàæàëîñÿ, ùî îñíîâíèì äæåðå-
ëîì ïàòîëîã³÷íîãî íàãðîìàäæåííÿ âíóòð³ø-
íüîêë³òèííèõ ³îí³â êàëüö³þ ó òàêèõ ïðîöåñàõ
º N-ìåòèë-D-àñïàðòàò (NMDA) ðåöåïòîðè
òà ïîòåíö³àëêåðîâàí³ êàëüö³ºâ³ êàíàëè [8].
Îäíàê ÷àñîâå òåðàïåâòè÷íå â³êíî ¿õ àíòà-
ãîí³ñò³â ñòàíîâèòü ëèøå 30 õâ, ùî ïðàêòè÷íî
óíåìîæëèâëþº  åôåêòèâíó  òåðàï ³þ,  ó
çâ�ÿçêó ç ÷èì âèÿâëåíà àâòîðàìè äîñë³ä-
æåííÿ ðîëü ASIC1à-êàíàë³â, ÿê äæåðåëà
ïàòîëîã³÷íîãî íàêîïè÷åííÿ âíóòð³øíüîêë³-
òèííîãî êàëüö³þ íàáóëà âàæëèâîãî çíà-
÷åííÿ ó ïàòîô³ç³îëîã³¿ ³øåì³÷íèõ óðàæåíü.
Äëÿ ï³äòâåðäæåííÿ çàïðîïîíîâàíî¿ òåîð³¿
çãàäàíèìè àâòîðàìè áóëî óñï³øíî ðåàë³çî-
âàíî in vivo ìîäåëü ³øåì³÷íîãî ³íñóëüòó
ãîëîâíîãî ìîçêó òà ïðîäåìîíñòðîâàíî
íåéðîïðîòåêòîðíó ä³þ ÿê ìîëåêóëÿðíî-
ãåíåòè÷íîãî âèäàëåííÿ ASIC1a-ðåöåïòîðà,
òàê ³ çàñòîñóâàííÿ éîãî àíòàãîí³ñò³â [8].
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Çâàæàþ÷ è íà  âàãîìó  ðîëü  ASIC ó
ô³ç³îëîã³÷íèõ òà ïàòîëîã³÷íèõ ïðîöåñàõ,
ïîøóê ¿õ ìîäóëÿòîð³â � àêòóàëüíà ïðîá-
ëåìà ÿê ôóíäàìåíòàëüíî¿ ô³ç³îëîã³¿, òàê ³
ìåäèöèíè. Îäíàê íèí³ â³äîì³ ëèøå äåê³ëüêà
ïðèðîäíèõ ïåïòèä³â ³ ñèíòåòè÷íèõ ñïîëóê,
ÿê ³  º  âèðàæåíèìè àíòàãîí³ñòàìè öèõ
ðåöåïòîð³â [10]. Íàéá³ëüø âèâ÷åíèì ñåðåä
íèõ º  àì³ëîðèä �  â ³äîìèé ä ³óðåòèê  ç
øèðîêèì ñïåêòðîì áëîêóâàëüíî¿ ä³¿ íà
åï³òåë³àëüí³ íàòð³ºâ³  ³îíí³ êàíàëè [4].
Ïðèðîäíèé òîêñèí PcTX1, âèä³ëåíèé ç
îòðóòè ïàâóêà-ïòàõî¿äà Psalmopoeus Cam-
bridgei, º ñèëüíèì ñåëåêòèâíèì áëîêàòîðîì
ASIC1a, àëå ìàº ñêëàäíó áóäîâó òà îáìå-
æåíó äîñòóïí³ñòü [2]. Â îñòàíí³ ðîêè [6]
çàïðîïîíîâàíî âèêîðèñòîâóâàòè 7-àëê³í³ë-
2-íàôòèëàì³äèí ó ðîë³ ³íã³á³òîðà ASIC-
ðåöåïòîð³â ³ç êîíöåíòðàö³ºþ ïîëîâèííîãî
ïðèãí³÷åííÿ (IC

50
) äî 0,4 ìêìîëü/ë. ßê

íàñë³äîê  ïîá³÷íî¿  ä ³ ¿  àíòèêîàãóëÿíòà
íàôàìîñòàòó, Óãàâà òà ñï³âàâò. [9] âèÿâèëè
çäàòí³ñòü  öüîãî  ïðåïàðàòó  áëîêóâàòè
ASIC1a ³ ASIC3 (ðèñ. 1). Ñë³ä çàçíà÷èòè,
ùî ñåëåêòèâí³ àíòàãîí³ñòè ñåðåä ïåðåðà-
õîâàíèõ ñïîëóê íåâ³äîì³.

ÌÅÒÎÄÈÊÀ

²íôðà÷åðâîí³ (²×)-ñïåêòðè ñèíòåçîâàíèõ
ñïîëóê çàïèñàí³ íà ñïåêòðîôîòîìåòð³ UR-
20 â  òàáëåòêàõ ÊÂr.  Ñïåêòðè ßÌÐ 1Í
îòðèìàí³ â ðîç÷èíàõ ÄÌÑÎ-d

6
 íà ïðèëàä³

Bruker Avance DRX-500 (500,13 ÌÃö),
âíóòð³øí³é ñòàíäàðò � òåòðàìåòèëñèëàí (ñ �
ñèíãëåò, ä � äóáëåò, ò � òðèïëåò, êâ � êâàð-
òåò, ì � ìóëüòèïëåò.

Ñèíòåç ã³äðîõëîðèä³â 7-ã³äðîêñè-2-îêñî-
6-R-2H-õðîìåí-3-êàðáîêñàì³äèí³â (4�6).

Äî ðîç÷èíó 5,46 ììîëü 2,4-äèã³äðîêñè-
5-R-áåíçàëüäåã³äó (1�3) â 15 ìë åòàíîëó
ïîñë³äîâíî äîäàþòü 1,0 ã (5,46 ììîëü)
åòèëö³àíîàöåòàòó òà 1,26 ã (16,38 ììîëü)
àöåòàòó àìîí³þ, êèï�ÿòÿòü ïðîòÿãîì 10 õâ
³ îõîëîäæóþòü äî ê³ìíàòíî¿ òåìïåðàòóðè.
Îòðèìàíèé îñàä â³äô³ëüòðîâóþòü, ïðîìè-
âàþòü åòàíîëîì, ñóñïåíäóþòü â 10 ìë

âîäè, äîäàþòü 20 ìë 1 Ì ðîç÷èíó ñîëÿíî¿
êèñëîòè ³ ñóì³ø ïåðåì³øóþòü 1 ãîä ïðè
ê³ìíàòí³é òåìïåðàòóð³. Îñàä â³äô³ëüòðî-
âóþòü, ïðîìèâàþòü 10 ìë âîäè òà âèñó-
øóþòü  ó  âàêóóì³  âîäíîñòðóìåíåâîãî
íàñîñà ïðè 90 °Ñ (ðèñ. 2).

Ã³äðîõë îðèä  7-ã ³äðîêñè-2-îêñî-2H-
õðîìåí-3-êàðáîêñàì³äèíó (4).

Âèõ³ä 72 %, ò. òîïë. 291�295 îÑ. ²×-
ñïåêòð, ν, ñì-1 : 1735 (Ñ=Î), 3330�3355 (N-
H), 3440 (OH). Ñïåêòð ßÌÐ 1H, δ, ì.÷. :
7,50 ñ (1Í), 7,56 ñ (1Í), 8,02 ñ (1Í), 8,88 ñ
(1Í), 9,50 ì (4Í), 11,20 ñ (1Í). Çíàéäåíî, %:
Ñ 50,07; Í 3,63; N 11,40. C

10
H

9
ClN

2
O

3
.

Âèðàõóâàíî, %: C 49,89; Í 3,77; N 11,65.
Ã³äðîõëîðèä  7 - ã ³äðîêñè-2-îêñî-6-

õëîðî-2H-õðîìåí-3-êàðáîêñàì³äèíó (5).
Âèõ³ä 75 %, ò. òîïë. >300 îÑ. ²×-ñïåêòð,

ν, ñì-1 : 1730 (Ñ=Î), 3320�3350 (N-H), 3450
(OH). Ñïåêòð ßÌÐ 1H , δ, ì.÷. : 7,53 ñ (1Í),
8,14 ñ (1Í), 8,95 ñ (1Í), 9,44 ì (4Í), 11,25 ñ
(1Í). Çíàéäåíî, %: Ñ 43,70; Í 3,11; N 11,42.
C

10
H

8
Cl

2
N

2
O

3
. Âèðàõóâàíî, %: C 43,63; H

2,93; N 11,65.
Ã³äðîõëîðèä  7 - ã ³äðîêñè-2-îêñî-6-

åòèë-2H-õðîìåí-3-êàðáîêñàì³äèíó (6).
Âèõ³ä 75 %, ò. òîïë. 285�290 îÑ. ²×-

ñïåêòð ÊÂr, ν, ñì-1 : 1730 (Ñ=Î), 3320�3340
(N-H), 3460 (OH). Ñïåêòð ßÌÐ 1H , δ, ì.÷.:
1.02 ò (3Í, J =6,8 Ãö), 2,48 êâ (2Í, J = 6,8
Ãö), 7,53 ñ (1Í), 8,14 ñ (1Í), 8,95 ñ (1Í),
9,44 ì (4Í), 11,25 ñ (1Í). Çíàéäåíî, %: Ñ
53 ,88 ;  Í 4 ,75 ;  N  10 ,55 .  C

12
H

13
ClN

2
O

3
.

Âèðàõóâàíî, %: C 53,64; H 4,88; N 10,43.
Ñèíòåç äèã³äðîõëîðèä³â (3-êàðáîêñà-

ì ³ ä è í î - 2 - î êñî - 6 R - 2 Í - õ ð îì å í - 7 - ³ ë ) - 4 -
ãóàí³äèíáåíçîàò³â (7�9).

Äî ðîç÷èíó 2,08 ììîëü ã³äðîõëîðèäó 7-
ã³äðîêñè-2-îêñî-2H-õðîìåí-3-êàðáîêñà-
ì³äèíó (4�6)  â  5  ìë ñóõîãî  äèìåòèë-
ôîðìàì³äó (ÄÌÔÀ) ïðè ïåðåì³øóâàíí³ ïðè
40 °Ñ äîäàþòü ðîç÷èí 0,45 ã (2,08 ììîëü)
4-ãóàí³äèíáåíçîéíî¿ êèñëîòè â 5 ìë ñóõîãî
ÄÌÔÀ, à ïîò³ì 1,1 ìë äè³çîïðîï³ëêàðáî-
äè³ì³äó. Ñóì³ø ïåðåì³øóþòü 24 ãîä ïðè
ê³ìíàòí³é òåìïåðàòóð³, ðîçáàâëÿþòü 2 ìë
ñóõîãî àöåòîí³òðèëó òà ïåðåì³øóþòü äî-

Íîâ³òí³ áëîêàòîðè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â
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äàòêîâî 6 ãîä. Óòâîðåíèé îñàä â³äô³ëüòðî-
âóþòü, ïðîìèâàþòü ñóõèì ÄÌÔÀ, àöåòîí³ò-
ðèëîì ³ âèñóøóþòü ïðè 70 °Ñ.

Äèã³äðîõëîðèä (3-êàðáîêñàì³äèíî-2-îêñî-
2Í-õðîìåí-7-³ë)-4-ãóàí³äèíáåíçîàòó (7).

Âèõ³ä 67 %, ò. òîïë. 235�237 îÑ. ²×-
ñïåêòð, ν, ñì-1 : 1730�1740 (Ñ=Î), 3350�
3380 (N-H). Ñïåêòð ßÌÐ 1H, δ, ì.÷. : 7,45�
7,51ì (3Í), 7,67 ñ (1Í), 7,94�8,05 ì (5Í),
8,19 ä (2Í, J = 8,0 Ãö), 8,90 ñ (1Í), 9,50 ì
(4Í), 10,80 ñ (1Í). Çíàéäåíî, %: Ñ 49,62; Í
4,05; N 16,23. C

18
H

17
Cl

2
N

5
O

4
. Âèðàõóâàíî, %:

Ñ 49,33; Í 3,91; N 15,98.
Äèã³äðîõëîðèä (3-êàðáîêñàì³äèíî-2-

îêñî-6-õëîðî-2Í-õðîìåí-7- ³ë ) -4-ãóàí³ -
äèíáåíçîàòó (8).

Âèõ³ä 69 %, ò. òîïë. 249�253 îÑ. ²×-
ñïåêòð, ν, ñì-1 : 1735�1740 (Ñ=Î), 3350�
3390 (N-H). Ñïåêòð ßÌÐ 1H, δ, ì.÷. : 7,50�
7,58 ì (3Í), 7,90�8,17 ì (5Í), 8,15�8,18 ì
(2Í), 8,90 ñ (1Í), 9,45�9,53 ì (4Í), 10,73 ñ
(1Í). Çíàéäåíî, %: Ñ 45,92; Í 3,33; N 17,61.
C

18
H

16
Cl

3
N

5
O

4
. Âèðàõóâàíî, %: Ñ 45,74; Í

3,41; N 14,82.
Ñèíòåç  äèã ³äðîõëîðèäó  (3 -êàðáîê-

ñàì³äèíî-2-îêñî-6-åòèë-2Í-õðîìåí-7-
³ë)-4-ãóàí³äèí-áåíçîàòó (9).

Âèõ³ä 65 %, ò. òîïë. 218�220 îÑ. ²×-
ñïåêòð, ν, ñì-1 : 1740�1745 (Ñ=Î), 3345�
3385 (N-H). Ñïåêòð ßÌÐ 1H, δ, ì.÷.: 1,11 ò
(3Í, J= 7,0 Ãö), 2, 55 êâ (2Í, J=7,0 Ãö), 7,51�
8,17 ì (10Í), 8,90 ñ (1Í), 9,56 ì (4Í), 10,64
ñ (1Í). Çíàéäåíî, %: Ñ 51,77; Í 4,40; N
14,83. C

20
H

21
Cl

2
N

5
O

4
. Âèðàõóâàíî, %: Ñ

51,49; Í 4,54; N 15,02.
Äîñë³äæåííÿ âïëèâó äèã³äðîõëîðèä³â

(3-êàðáîêñàì³äèíî-2-îêñî-2Í-õðîìåí-7-
³ë)-4-ãóàí³äèíîáåíçîàò³â (7�9)  íà ðÍ-
÷óòëèâ³ ³îíí³ êàíàëè.

Ä³þ ðå÷îâèí äîñë³äæóâàëè íà ãîìîìåð-
íèõ ASIC1a-³îííèõ êàíàëàõ ë³í³¿ ëþäñüêèõ
åìáð³îíàëüíèõ íèðêîâèõ êë³òèí (ÍÅÊ-293)
³ íà ASIC3-³îííèõ êàíàëàõ íåéðîí³â äîð-
ñàëüíî-êîð³íöåâèõ ãàíãë³¿â ùóð³â (ÄÊÃ).
Äëÿ âèâ÷åííÿ âïëèâó ðå÷îâèí íà ðÍ-÷óòëèâ³
³îíí³  êàíàëè áóëî âèêîðèñòàíî ìåòîä
ô³êñàö³¿ ïîòåíö³àëó ó êîíô³ãóðàö³¿ â³äâå-

äåííÿ ñòðóìó â³ä ö³ëî¿ êë³òèíè. Çîâí³øíüî-
êë³òèííèé ðîç÷èí (êîíäèö³îíóâàëüíèé)
ì³ñòèâ (ììîëü/ë): NaCl � 130; CaCl

2
 � 2;

KCl � 5; MgCl
2
 � 2; HEPES � 20; pH 7,5

äîâåäåíèé NaOH. Ñêëàä àêòèâàö³éíîãî
ðîç÷èíó áóâ àíàëîã³÷íèé êîíäèö³îíóâàëü-
íîìó, çà âèíÿòêîì áóôåðà (ÍÅÐÅS áóëî çà-
ì³íåíî íà MES (10 ììîëü/ë, pH 5,0 äîâå-
äåíèé NaOH). Ñêëÿí³ ì³êðîï³ïåòêè (îï³ð 3�
4 ìÎì) çàïîâíþâàëè âíóòð³øíüîêë³òèííèì
ðîç÷èíîì òàêîãî ñêëàäó (ììîëü/ë): KF �
120, òð³ñ-Cl � 20; pH 7,3 äîâåäåíèé KOH.
Ïðè ïåðåõîä³ ç êîíäèö³îíóâàëüíîãî äî
àêòèâàö³éíîãî ðîç÷èíó (øâèäê³ñòü çì³íè
ðîç÷èíó áëèçüêî 50 ìñ) ïðè ï³äòðèìóâàíîìó
ïîòåíö³àë³ -60 ìÂ ñïîñòåð³ãàëàñü àêòèâàö³ÿ
ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â àìïë³òóäîþ
ñòðóìó 400�800 òà 1000�5000 ïÀ äëÿ ASIC1a
òà ASIC3 â³äïîâ³äíî. Ö³ ñòðóìè øâèäêî
äåñåíñèòèçóâàëèñÿ ïðîòÿãîì 3�5 ñ òà áóëè
÷óòëèâìè äî 3 ìêì/ë àì³ëîðèäó. Öå âêàçóº
íà òå, ùî âîíè áóëè âèêëèêàí³ àêòèâàö³ºþ ðÍ-
÷óòëèâèõ ³îííèõ êàíàë³â. Åêñïåðèìåíòè ïðî-
âîäèëè ïðè ê³ìíàòí³é òåìïåðàòóð³ (20 ± 2) îÑ.
Óñ³ õ³ì³÷í³ âèêîðèñòàí³ ðåàãåíòè âèðîáëåí³
ô³ðìîþ «Sigma» (ÑØÀ).

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Íàìè ðîçðîáëåíî äèçàéí íîâèõ àíàëîã³â
íàôàìîñòàòó, â ÿêèõ çàì³ñòü íàôòàëåíîâî¿
ñèñòåìè ì³ñòèòüñÿ êóìàðèíîâèé ôðàãìåíò.
Çàçíà÷èìî, ùî ââåäåííÿ êóìàðèíîâîãî
öèêëó â ñòðóêòóðó íîâèõ ïîòåíö³éíèõ
àíòàãîí³ñò³â ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â
çóìîâëåíî éîãî ôàðìàêîôîðíèìè âëàñòè-
âîñòÿìè â ð³çíîìàí³òíèõ òèïàõ á³îàêòèâíèõ
ñïîëóê, ïîøèðåí³ñòþ â ïðèðîä³ òà äîñòóï-
í³ñòþ [1, 3, 7].

Êëþ÷îâîþ ñòàä³ºþ â çàïðîïîíîâàíîìó
ï³äõîä³ äî îòðèìàííÿ ö³ëüîâèõ 3-àì³äèíî-
êóìàðèí³â (2-îêñî-2H-õðîìåí-3-êàðáîêñà-
ì³äèí³â) º ðåàêö³ÿ 2,4-äèã³äðîêñèáåíçàëü-
äåã³ä³â (1�3) ç åòèëö³àíîàöåòàòîì òà àöå-
òàòîì àìîí³þ. Ïðè íàãð³âàíí³ ðåàãåíò³â óï-
ðîäîâæ 10 õâ ó ðîç÷èí³ åòàíîëó â³äáó-
âàºòüñÿ ôîðìóâàííÿ êóìàðèíîâîãî öèêëó òà
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éîãî ôóíêö³îíàë³çàö³ÿ â ïîëîæåíí³ 3 àì³äè-
íîâîþ ãðóïîþ, â ðåçóëüòàò³ ÷îãî ç âèõîäîì
72�75 % óòâîðþþòüñÿ 7-ã³äðîêñè-2-îêñî-
2H-õðîìåí-3-êàðáîêñàì³äèíè (4�6). Êîí-
äåíñàö³ÿ  îñòàíí³õ ç  ã ³äðîõëîðèäîì 4-
ãóàí³äèíîáåíçîéíî¿ êèñëîòè çà íàÿâíîñò³
äè³çîïðîï³ëêàðáîäè³ì³äó â áåçâîäíîìó
ÄÌÔÀ ïðèçâîäèòü äî óòâîðåííÿ äèã³äðî-
õëîðèä³â (3-êàðáîêñàì³äèíî-2-îêñî-2Í-
õðîìåí-7-³ë)-4-ãóàí³äèíîáåíçîàò³â (7�9) ç
âèõîäîì 6�69 % (ðèñ. 2).

Ñòðóêòóðà ñèíòåçîâàíèõ ñïîëóê 7�9
óçãîäæóºòüñÿ ç ðåçóëüòàòàìè âèì³ð³â ¿õ
ñïåêòðàëüíèõ ïàðàìåòð³â. Çîêðåìà, ²×-
ñïåêòðè õàðàêòåðèçóþòüñÿ ³íòåíñèâíèìè
ñìóãàìè ïîãëèíàííÿ ãðóï Ñ=Î (1730�1745

ñì-1) òà N-H (3350�3390 ñì-1). Ó ñïåêòðàõ
ßÌÐ 1Í ïîðÿä ³ç  òèïîâèìè ñèãíàëàìè
ïðîòîí³â àðîìàòè÷íèõ ÿäåð òà åêçîöèê-
ë³÷íèõ àì³äèíîâèõ òà ãóàí³äèíîâèõ ôðàã-
ìåíò³â íàÿâí³ ñèíãëåòè Ñ4-Í-ïðîòîí³â êó-
ìàðèíîâî¿ ñèñòåìè ïðè 8,90 ì.÷.

ðÍ-×óòëèâ³ ³îíí³ êàíàëè º òàê çâàíèìè
«ðåöåïòîðàìè äî ïðîòîí³â», ùî àêòèâóþòü-
ñÿ ïðè çíèæåíí³ ðÍ ñåðåäîâèùà òà åêñïðå-
ñóþòüñÿ ó áàãàòüîõ òèïàõ êë³òèí, çîêðåìà
ó íåéðîíàõ ÖÍÑ òà ïåðèôåðè÷íî¿ (ÏÍÑ)
íåðâîâî¿ ñèñòåìè [5]. Àêòèâàö³ÿ ASIC-
êàíàë³â ñïðè÷èíÿº òðàíç³åíòíèé ³îííèé
òðàíñìåìáðàííèé ñòðóì, ùî ñïàäàº ïðîòÿãîì
äåê³ëüêîõ ñåêóíä íàâ³òü çà óìîâ ï³äòðèìàííÿ
êèñëîãî ñåðåäîâèùà âíàñë³äîê ïðîöåñó

Íîâ³òí³ áëîêàòîðè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â

Ðèñ. 2. Ñïðîùåíà ñõåìà ñèíòåçó äèã³äðîõëîðèä³â (3-êàðáîêñàì³äèíî-2-îêñî-2Í-õðîìåí-7-³ë)-4-ãóàí³äèíîáåíçîàò³â
(7�9)

R= H (1,4,7), Cl (2,5,8), Et (3,6,9)

Ðèñ. 1. Â³äîì³ ñèíòåòè÷í³ àíòàãîí³ñòè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â

àíàëîã À-317567
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äåñåíñèòèçàö³¿ ðåöåïòîðà. Íåçâàæàþ÷è íà
áàãàòîð³÷í³ äîñë³äæåííÿ, ìåõàí³çìè â³äêðè-
âàííÿ ðÍ-÷óòëèâîãî ³îííîãî êàíàëó, éîãî
ïåðåõîäó â äåñåíñèòèçîâàíèé ³ çàêðèòèé ñòàíè
íàðàç³ çàëèøàþòüñÿ íåç�ÿñîâàíèìè.

Óñüîãî ³äåíòèô³êîâàíî ÷îòèðè ãåíè,
êîòð³ êîäóþòü ASIC-êàíàëè, ôîðìóþ÷è
çàãàëîì ç³  ñïëàéñèíãîâèìè âàð³àíòàìè
ø³ñòü ï³äòèï³â ¿õ cóáîäèíèöü. Çàëåæíî â³ä
ï³äòèïó, ASIC ëîêàë³çóþòüñÿ ÿê ó ÏÍÑ, òàê
³ â ÖÍÑ ³ â³äïîâ³äíî âèêîíóþòü ð³çíó

ô³ç³îëîã³÷íó ðîëü. Íàéá³ëüø ïîøèðåíèì
ï³äòèïîì â ÏÍÑ º ASIC3, òîä³ ÿê â ÖÍÑ
ïåðåâàæíî åêñïðåñóºòüñÿ ASIC1a.

Ïðè äîñë³äæåíí³ ïðèãí³÷åííÿ ñòðóì³â,
âèêëèêàíèõ àêòèâàö³ºþ ðÍ-÷óòëèâèõ ³îííèõ
êàíàë³â çà íàÿâíîñò³ 10 ìêìîëü/ë äèã³ä-
ðîõëîðèä³â (3-êàðáîêñàì³äèíî-2-îêñî-2Í-
õðîìåí-7-³ë)-4-ãóàí³äèíáåíçîàò³â 7�9 çíàé-
äåíî, ùî ñïîëóêà 7 âèêëèêàº íàéá³ëüø çíà÷íå
çâîðîòíå çìåíøåííÿ àìïë³òóäè ³îííîãî
òðàíñìåìáðàííîãî ñòðóìó (òàáëèöÿ) .
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7 58 45
8 51 42
9 49 39

Ïðèãí³÷åííÿ ñòðóì³â ASIC1a òà ASIC3 òèï³â çà íàÿâíîñò³ ñïîëóê 7�9 ó êîíöåíòðàö³¿ 10 ìêìîëü/ë

Ñïîëóêà                          Ñòóï³íü ïðèãí³÷åííÿ, %
ASIC1a-ñòðóìó ó åìáð³îíàëüíèõ íèðêîâèõ

êë³òèíàõ ëþäèíè (ÍÅÊ-293)
ASIC3-ñòðóìó ó êë³òèíàõ äîðñàëüíî

êîð³íöåâèõ ãàíãë³¿â ùóð³â

Ðèñ. 3. Ä³ÿ ñïîëóêè 7 (10 ìêìîëü/ë) íà àêòèâí³ñòü ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â ï³äòèï³â 1à (ASIC1a) òà 3 (ASIC3):
à � çâîðîòíå ïðèãí³÷åííÿ ñòðóì³â; á,â � êðèâ³ çàëåæíîñò³ äîçà�åôåêò áëîêóâàëüíî¿ ä³¿ ñïîëóêè 7 íà àìïë³òóäó
ñòðóìó ASIC1a ó êë³òèíàõ ë³í³¿ ÍÅÊ-293 òà ASIC3 ó íåéðîíàõ äîðñàëüíî-êîð³íöåâèõ êàíãë³¿â ùóð³â
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Íîâ³òí³ áëîêàòîðè ðÍ-÷óòëèâèõ ³îííèõ êàíàë³â

Çíà÷åííÿ êîíöåíòðàö³¿ ïîëîâèííîãî ïðèã-
í³÷åííÿ (IC

50
) àêòèâîâàíèõ ñòðóì³â ASIC1a

äëÿ íå¿ ñòàíîâèòü 7,3 ìêìîëü/ë ± 0,2 ìêìîëü/
ë (ðèñ. 3,á), à ï³äòèïó ASIC3 � 13,2 ìêìîëü/ë
± 1,3 ìêìîëü/ë (äèâ. ðèñ. 3,â), äëÿ íàôà-
ìîñòàòó � 13,5 òà 3,0 ìêìîëü/ë â³äïîâ³äíî [9].

Òàêèì ÷èíîì, ïðèãí³÷åííÿ íàéàêòèâ-
í³øîþ ñïîëóêîþ 7 ñòðóì³â ðÍ-÷óòëèâèõ
³îííèõ êàíàë³â ïåðåâèùóº ð³âåíü â³äîìîãî
àíàëîãà � íàôàìîñòàòó â³äíîñíî ï³äòèïó
ASIC1a. Çíàéäåí³ àíòàãîí³ñòè ìîæóòü áóòè
ïðîòîòèïàìè äëÿ ñòâîðåííÿ ïðèíöèïîâî
íîâèõ âèñîêîåôåêòèâíèõ íåéðîïðîòåêòîð-
íèõ ë³êàðñüêèõ çàñîá³â.

Â.A. Ñóêà÷, À.Ç. Áóòà, À. Ï. Ìàêñèìþê,
Ä.Á. Êîâàëüñüêèé, Ì.Â. Âîâê, Î.À. Êðûøòàëü

ÍÎÂÛÅ ÁËÎÊÀÒÎÐÛ
ÐÍ-×ÓÂÑÒÂÈÒÅËÜÍÛÕ ÈÎÍÍÛÕ
ÊÀÍÀËÎÂ � (3-ÊÀÐÁÎÊÑÀÌÈÄÈÍÎ-2-
ÎÊÑÎ-2Í-ÕÐÎÌÅÍ-7-ÈË)-4-
ÃÓÀÍÈÄÈÍÎÁÅÍÇÎÀÒÛ

Èøåìè÷åñêèé èíñóëüò  îäíà èç ñàìûõ òÿæåëûõ ïàòîëîãèé
ãîëîâíîãî ìîçãà, êðàéíå òðóäíî ïîääàþùàÿñÿ òåðàïèè.
Íåäàâíî áûëî óñòàíîâëåíî, ÷òî ïðè èøåìè÷åñêîì èíñóëüòå
ïðîèñõîäèò ïàòîëîãè÷åñêàÿ àêòèâàöèÿ ðÍ-÷óâñòâèòåëüíûõ
èîííûõ êàíàëîâ (ASIC) ïîäòèïà1a (ASIC1a), êîòîðàÿ
ÿâëÿåòñÿ îäíîé èç êëþ÷åâûõ ïðè÷èí ãèáåëè íåéðîíîâ
ãîëîâíîãî ìîçãà. Ñèíòåçèðîâàííûå íàìè ïðîèçâîäíûå 3-
êàðáîêñàìèäèíîêóìàðèíèâ ýôôåêòèâíî êîíöåíòðà-
öèîííoçàâèñèìî ïîäàâëÿþò àêòèâíîñòü ASIC-êàíàëîâ òèïà
1a è 3. Íàèáîëåå àêòèâíîå ñîåäèíåíèå ïîäàâëÿåò ASIC-
òîêè ñ êîíöåíòðàöèÿìè ïîëîâèííîãî óãíåòåíèÿ 7,3 è 13,2
ìêìîëü/ë äëÿ ASIC1a- è ASIC3-òîêà ñîîòâåòñòâåííî. Íàøè
ðåçóëüòàòû ïîêàçûâàþò, ÷òî 3-êàðáîêñàìèäèíîêóìàðèíû
ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå ñòðóêòóðíîãî
îñíîâàíèÿ äëÿ ãåíåðàöèè íîâîãî ïîêîëåíèÿ âûñîêî-
ýôôåêòèâíûõ àíòèèøåìè÷åñêèõ ïðåïàðàòîâ.
Êëþ÷åâûå ñëîâà: 3-àìèäèíî-7-ãèäðîêñèêóìàðèíû,
áëîêàòîðû ðÍ-÷óâñòâèòåëüíûõ èîííûõ êàíàëîâ, àíòèèøå-
ìè÷åñêèå ïðåïàðàòû.

V. A. Sukach, A.Z. Buta, O.P. Maximyuk,
D.B. Kovalskyy, M.V. Vovk, O.O. Krishtal

(3-CARBOXAMIDINO-2-OXO-2H-CHROMEN-
7-YL)-4-GUANIDINOBENZOATES ARE NOVEL
BLOCKERS OF ACID SENSING ION
CHANNELS

Ischemic stroke is one of the most severe brain pathologies
that is extremely difficult to treat.  Recently it has been found

that acidosis accompanying cerebral ischemia induces activa-
tion of acid-sensing ion channel ASIC1a which results in its
turn in the neuronal death. Here we present novel derivatives
of 3-carboxamidinocoumarines that effectively inhibit ASIC1a
and ASIC3 channels in concentration-dependent manner. The
most active compound inhibits ASIC1a and ASIC3 channels
with corresponding IC

50
 of 7.3 and 13.2 µM. Our data suggest

that 3-carboxamidinocoumarines can be used as a scaffold for
novel type of highly efficient anti-ischemic drugs.
Key words: 3-amidino-7-hydroxycoumarines, 3-carboxyami-
dine-2-oxo-2H-chromene-7-il)-4guanidinebenzoates, ASIC
blockers, anti-ischemic drugs.

Institute of Organic Chemistry of NAS of Ukraine, Kyiv;
O.O.Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv;
²nternational Center Molecular Physiology, National
Academy of Sciences of Ukraine, Kyiv

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Ìàøêîâñêèé Ì.Ä. Ëåêàðñòâåííûå ñðåäñòâà. � 15-å
èçä., ïåðåðàá., èñïð. è äîï. Ì.: Èçä-âî Íîâàÿ Âîëíà. �
2005. � 1200 ñ.

2. Escoubas P., Bernard C., Lambeau G., Lazdunski M.,
Darbon H. Recombinant production and solution struc-
ture of PcTx1, the specific peptide inhibitor of ASIC1a
proton-gated cation channels // Protein Sci. � 2003. �
12. � P. 1332�1343.

3. Farinola N., Piller N. Pharmacogenomics: Its role in re-
establishing coumarin as treatment for lymphedema //
Lymphat. Res. and Biol. � 2005. � 3 (2). � P. 81�86.

4. Korkushko A.O., Kryshtal O.A. Organic-cation-block-
ing of proton-induced sodium permeability in the mem-
brane of rat trigeminal neurons // Neurophysiology. �
1984. � 16, ¹ 4. � P. 557�561.

5. Krishtal O. The ASICs: Signaling molecules? Modulators?
// Trends in Neurosci. � 2003. � 26, ¹ 9. � P. 477�483.

6. Kuduk S.D., Di Marco C.N., Bodmer-Narkevitch V.,
Cook S.P., Cato M.J., Jovanovska A., Urban M.O.,
Leitl M., Sain N., Liang A., Spencer R.H., Kane S.A.,
Hartman G.D., Bilodeau M.T. Synthesis, structure
activity relationship, and pharmacological profile of
analogs of the ASIC-3 inhibitor A-317567 // ACS Chem.
Neurosci. � 2010. � 1, ¹ 1. � P. 19�24.

7. Link K.P. The Discovery of dicumarol and its sequels //
Circulation. � 1959. � 19, ¹1. � P. 97�107.

8. Pignataro G., Simon R.P., Xiong Z.-G. Prolonged acti-
vation of ASIC1a and the time window for neuropro-
tection in cerebral ischaemia // Brain � 2007. � 130. �
P.151�158

9. Ugawa S., Ishida Y., Ueda T., Inoue K., Nagao M.,
Shimada S. Nafamostat mesilate reversibly blocks acid-
sensing ion channel currents. // Biochem. Biophys. Res.
Commun. � 2007. � 363. � P. 203�208.

10. Xiong Z.-G., Pignataro G., Li M., Chang S.Y., Simon
R.P. Acid-sensing ion channels (ASICs) as pharmaco-



ISSN 0201-8489    Ô³ç³îë. æóðí., 2011, Ò. 57, ¹ 6 37

logical targets for neurodegenerative diseases // Curr.
Opinion in Pharm. � 2008. � 8. � ¹ 1. � P. 25�32.

11. Xiong Z.-G., Zhu X.-M., Chu X.-P., Minami M., Hey

J., Wemmie J.A., Price M., Welsh M.J., Simon R.P.
Neuroprotection in ischemia: blocking calcium-perme-
able acid-sensing ion channels //

²í-ò îðãàí³÷íî¿ õ³ì³¿ ÍÀÍ Óêðà¿íè, Êè¿â
Å-mail: mvovk@i.com.ua
²í-ò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â
E-mail: am@biph.kiev.ua
Ì³æíàð. öåíòð ìîëåêóë. ô³ç³îëîã³¿ ÍÀÍ Óêðà¿íè, Êè¿â
E-mail: am@biph.kiev.ua

Ìàòåð³àë íàä³éøîâ
äî ðåäàêö³¿ 23.06.2011

Â.A. Ñóêà÷, À.Ç. Áóòà, Î. Ï. Ìàêñèìþê, Ä.Á. Êîâàëüñüêèé,  Ì.Â. Âîâê, Î.Î. Êðèøòàëü




