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Åêñïðåñ³ÿ ãåí³â, ùî êîäóþòü âàí³ëî¿äí³ ðåöåïòîðè
1-ãî òà 2-ãî òèïó, â êóëüòóð³ íåéðîí³â ã³ïîêàìïà

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ ýêñïåðåññèè ìàòðè÷íîé ÐÍÊ (ìÐÍÊ)
âàíèëëîèäíûõ ðåöåïòîðîâ 1-ãî è 2-ãî òèïà (TRPV1 è TRPV2) â îäèíî÷íûõ êóëüòèâèðóåìûõ
ãèïïîêàìïàëüíûõ íåéðîíàõ. Ñ ïîìîùüþ ìåòîäà îáðàòíîé òðàíñêðèïöèè ñ ïîñëåäóþùåé
ïîëèìåðàçíîé öåïíîé ðåàêöèåé (ÏÖÐ) îäèíî÷íûõ íåéðîíîâ áûëî ïîêàçàíî, ÷òî TRPV1- è TRPV2-
ðåöåïòîðû ýêñïðåññèðóþòñÿ êàê â íåéðîíàõ, òàê è â ãëèàëüíûõ êëåòêàõ. Ñ èñïîëüçîâàíèåì
òåõíîëîãèè ÏÖÐ â ðåàëüíîì âðåìåíè áûëî óñòàíîâëåíî, ÷òî óðîâåíü ýêñïðåññèè äàííûõ ãåíîâ â
ðàçëè÷íûõ íåéðîíàõ îäèíàêîâûé. Òàêæå ïîêàçàíî, ÷òî êîëè÷åñòâî ìÐÍÊ TRPV1 â ÃÀÌÊåðãè÷åñêèõ
íåéðîíàõ çíà÷èòåëüíî âûøå, ÷åì ìÐÍÊ TRPV2, òîãäà êàê â ãëóòàìàòåðãè÷åñêèõ íåéðîíàõ
åêñïðåññèÿ ýòèõ ãåíîâ íå îòëè÷àëàñü. Ïîëó÷åííûå ðåçóëüòàòû îá ýêñïðåññèè TRPV1 è TRPV2
ïîçâîëÿþò ïðåäïîëàãàòü, ÷òî âàíèëëîèäíûå ðåöåïòîðû èãðàþò âàæíóþ ôóíöèîíàëüíóþ ðîëü â
íåéðîíàõ ãîëîâíîãî ìîçãà.

ÂÑÒÓÏ

Çíà÷åííÿ âàí³ëî¿äíèõ ðåöåïòîð³â TRPV (â³ä
àíãë. transient receptor potential vanilloid) ó
ôóíêö³îíóâàíí³ öåíòðàëüíèõ ñòðóêòóð ãî-
ëîâíîãî ìîçêó àêòèâíî âèâ÷àºòüñÿ îñòàí-
í³ìè ðîêàìè. Ðàí³øå áóëî ïîêàçàíî, ùî
âàí³ëî¿äí³ ðåöåïòîðè åêñïðåñóþòüñÿ â
çàê ³í÷åííÿõ  ñåíñîðíèõ íåéðîí³â  òà  º
ïåðâèííèìè íîöèöåïòîðàìè,  à  çãîäîì
äîâåäåíî, ùî âîíè åêñïðåñóþòüñÿ ³ â òàêèõ
ñòðóêòóðàõ ãîëîâíîãî ìîçêó, ÿê ã³ïîêàìï,
ã³ïîòàëàìóñ, êîðà, ìîçî÷îê, òàëàìóñ, ñåðåä-
í³é ³ çàäí³é ìîçîê, ÷îðíà ñóáñòàíö³ÿ òîùî
[18]. Ïðè öüîìó ïèòàííÿ ïðî ô³ç³îëîã³÷íå
çíà÷åííÿ öèõ ðåöåïòîð³â ó öåíòðàëüí³é
íåðâîâ³é ñèñòåì³ çàëèøàºòüñÿ â³äêðèòèì.
Åíäîãåííèìè àêòèâàòîðàìè âàí³ëî¿äíèõ
ðåöåïòîð³â ââàæàþòüñÿ òàê çâàí³ åíäîâà-
í³ëî¿äè (N-àðàõ³äîíî¿ë-äîôàì³í, N-îëåî¿ë-
äîôàì³í, àíàíäàì³ä, 2-àðàõ³äîíî¿ëãë³öåðîë
òîùî), ùî òàêîæ ìàþòü çäàòí³ñòü âïëèâàòè
íà êàíàá³î¿äí³ ðåöåïòîðè. Êð³ì òîãî, TRPV
àêòèâóþòüñÿ íèçêîþ íåñïåöèô³÷íèõ ñòèìó-
ë³â (ï³äâèùåííÿ òåìïåðàòóðè, îñìîòè÷íîãî

òèñêó, çíèæåííÿ ðÍ), âïëèâ ÿêèõ çàëåæèòü
â³ä òèïó âàí³ëî¿äíèõ ðåöåïòîð³â (TRPV 1�6).

Ñåðåä åêçîãåííèõ àãîí³ñò³â TRPV1 íàé-
á³ëüø â³äîìèì º êàïñà¿öèí � àëêàëî¿ä ç ÷åð-
âîíîãî ïåðöþ, ÿêèé íå âïëèâàº íà ³íø³
òèïè âàí³ëî¿äíèõ ðåöåïòîð³â. Ç âèêîðèñòàí-
íÿì êàïñà¿öèíó òà äåÿêèõ ³íøèõ ë³ãàíä³â
TRPV1 áóëî ïîêàçàíî, ùî àêòèâàö³ÿ öèõ
ðåöåïòîð³â ó çîí³ CA1 ã³ïîêàìïà ïðèçâî-
äèòü äî ïîñèëåííÿ äåïðåñ³¿ ïîïóëÿö³éíèõ
ñïàéê³â, ÿêà ñïîñòåð³ãàºòüñÿ ïðè ïàðí³é
ñòèìóëÿö³¿ [1, 5]. Îäíèì ³ç ³ìîâ³ðíèõ ìåõà-
í³çì³â òàêîãî âïëèâó º àêòèâàö³ÿ ïðåñèíàï-
òè÷íèõ TRPV1-ðåöåïòîð³â ó ñèíàïòè÷íèõ
òåðì³íàëÿõ ãàëüì³âíèõ ÃÀÌÊåðã³÷íèõ
íåéðîí³â [1, 7]. Ïðîòå çàëèøàºòüñÿ ïèòàííÿ
ìàëîäîñë³äæåíèì ïðî íàÿâí³ñòü (àáî â³äñóò-
í³ñòü) ôóíêö³îíàëüíèõ TRPV1 ó ÃÀÌÊåð-
ã³÷íèõ íåéðîíàõ. Òàêîæ ìàëî â³äîìî ïðî
åêñïðåñ³þ TRPV2-âàí³ëî¿äíèõ ðåöåïòîð³â
2-ãî òèïó, â ãëóòàìàòåðã³÷íèõ òà ÃÀÌÊåð-
ã³÷íèõ íåéðîíàõ ãîëîâíîãî ìîçêó.

Âèõîäÿ÷è ç íàâåäåíèõ äàíèõ òà áåðó÷è
äî óâàãè â³äñóòí³ñòü òàêèõ ïðî ñï³ââ³ä-
íîøåííÿ ê³ëüêîñò³ TRPV1 òà TRPV2 â
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ÃÀÌÊåðã³÷íèõ ³ ãëóòàìàòåðã³÷íèõ íåéðîíàõ,
ìåòîþ íàøî¿ ðîáîòè áóëî îö³íèòè åêñïðå-
ñ³þ ìÐÍÊ ð³çíèõ òèï³â âàí³ëî¿äíèõ ðåöåï-
òîð³â ó ïîîäèíîêèõ íåéðîíàõ ã³ïîêàìïà,
ìàðêîâàíèìè çà ìÐÍÊ òðàíñïîðòåð³â ÃÀÌÊ
àáî ãëóòàìàòó.

ÌÅÒÎÄÈÊÀ

Êóëüòèâóâàííÿ íåéðîí³â ã³ïîêàìïà. Äëÿ
ïðèãîòóâàííÿ êóëüòóðè íåéðîí³â ã³ïîêàìïà
áóëè âèêîðèñòàí³ íîâîíàðîäæåí³ ùóðè ë³í³¿
Â³ñòàð. Òâàðèí äåêàï³òóâàëè, ã³ïîêàìï
âèä³ëÿëè òà ôåðìåíòàòèâíî îáðîáëÿëè
0,25%-ì ðîç÷èíîì òðèïñèíó (�Sigma�,
ÑØÀ) ïðè 37ºÑ óïðîäîâæ 10 õâ. Ï³ñëÿ
öüîãî  ã ³ïîêàìï ï³ääàâàëè ìåõàí³÷í³é
äèñîö³àö³¿ ³ç çàñòîñóâàííÿì ïàñòåð³âñüêèõ
ï³ïåòîê ç  ð³çíèì ä³àìåòðîì.  Âèêîðèñ-
òîâó âà ëè æèâèëüíå  ñåðåäîâèùå ÌÅÌ
(�Gibco�, ÑØÀ) ç äîäàâàííÿì 10%-¿ ñèðî-
âàòêè êîíÿ (�Invitrogen�, ÑØÀ), ³íñóë³íó
(�Sigma�, ÑØÀ) òà ãåíòàì³öèíó (�Invitrogen�,
ÑØÀ). Êë³òèíè ðîçì³ùóâàëè íà ïîïåðåäíüî
ïîêðèò³ ïîë³-L-ë³çèíîì ³ ëàì³í³íîì (�Sigma�,
ÑØÀ) ñêåëüöÿ ä³àìåòðîì 12�22 ìì, ÿê³
ðîçì³ùóâàëè â ÷àøêàõ Ïåòð³ ä³àìåòðîì 35 ìì.
Íåéðîíè êóëüòèâóâàëè ïðè 37°Ñ ó ãàçîâîìó
ñåðåäîâèù³ (àòìîñôåðíå ïîâ³òðÿ, çáàãà÷åíå
ÑÎ

2
 äî 5 %) ³ç çàñòîñóâàííÿì ³íêóáàòîðà

(�Jouan�, Ôðàíö³ÿ). Íà 3�4-òó äîáó êóëüòè-
âóâàííÿ â ñåðåäîâèùå äîäàâàëè 10 ìêë
öèòîçèí-A-D-àðàá³íî-ôóðàíîçèä (�Sigma�,
ÑØÀ) äëÿ ïðèãí³÷åííÿ ïðîë³ôåðàö³¿ ãë³àëü-
íèõ êë³òèí. Çàì³íó æèâèëüíîãî ñåðåäîâèùà
ïðîâîäèëè ÷åðåç 20�24 ãîä.

Ãåíåòè÷í³ ìåòîäè äîñë³äæåííÿ. Âèä³ëåí-
íÿ ÐÍÊ, çâîðîòíà òðàíñêðèïö³ÿ òà ïîë³ìå-
ðàçíà ëàíöþãîâà ðåàêö³ÿ. Äëÿ ç�ÿñóâàííÿ
ïèòàííÿ ïðî òå, ÿê³ ãåíè, ùî êîäóþòü ð³çí³
³çîôîðìè êàò³îííèõ êàíàë³â ç ðîäèíè TRPV,
åêñïðåñóþòüñÿ â êóëüòóð³ íåéðîí³â ã³ïî-
êàìïà, áóëî çàñòîñîâàíî ìåòîä çâîðîòíî¿
òðàíñêðèïö³¿ ç íàñòóïíîþ ïîë³ìåðàçíîþ
ëàíöþãîâîþ ðåàêö³ºþ (ÏËÐ). ÐÍÊ âèä³ëÿëè
ç òêàíèíè ã³ïîêàìïà îâîíàðîäæåíèõ ùóð³â

³ç âèêîðèñòàííÿì íàáîðó Trizol RNA-prep
(�Isogen�, Ðîñ³ÿ). Çâîðîòíó òðàíñêðèïö³þ
ïðîâîäèëè ³ç âèêîðèñòàííÿì íàáîðó First
Strand cDNA Synthesis Kit (�Fermentas�,
Ëèòâà), çàñòîñîâóþ÷è 2�2,5 ìêã çàãàëüíî¿
ÐÍÊ òà  îë ³ãîìåðíèé (dT)

18
 ïðàéìåð .

Îòðèìàíó âíàñë³äîê ÇÒ êîìïë³ìåíòàðíó
ÄÍÊ (êÄÍÊ) ï³ääàâàëè ãåíñïåöèô³÷í³é
ÏËÐ-àìïë³ô³êàö³¿. Ó äîñë³äàõ áóëè âèêîðèñ-
òàíí³ ïðàéìåðè, êîìïëåìåíòàðí³ óí³êàëü-
íèì ïîñë³äîâíîñòÿì íóêëåîòèä³â ,  ÿê ³
óòâîðþþòüñÿ ï³ñëÿ â³äð³çàííÿ ³íòðîí³â ï³ä
÷àñ ñïëàéñèíãó ìàòðè÷íî¿ ÐÍÊ (ìÐÍÊ)
(ò àáëèöÿ) .  Öå  äàëî  çìîãó  âèêëþ÷èòè
ìîæëèâ³ñòü àìïë³ô³êàö³¿ íåîáõ³äíîãî ïðî-
äóêòó ïðîòÿãîì ÏËÐ ç ÿäåðíî¿ ÄÍÊ, à íå ç
ìàòðèö³, îòðèìàíî¿ âíàñë³äîê ÇÒ.

Çâîðîòíà òðàíñêðèïö³ÿ ³ ÏËÐ ïîîäèíî-
êèõ êë³òèí ã³ïîêàìïà. Äëÿ àíàë³çó åêñïðåñ³¿
ãåí³â TRPV â ïîîäèíîêèõ íåéðîíàõ êóëüòó-
ðè ã³ïîêàìïà, ÿê³ çàñìîêòóâàëèñÿ â ì³êðîï³-
ïåòêó, êîòðà ì³ñòèëà 4 ìêë âíóòð³øíüî-
êë³òèííîãî ðîç÷èíó (ììîëü/ë): KCl � 32,
NaCl � 5, ãëþêîíàò K � 108, MgATÔ � 2,
ÃTÔ � 0,3, HEPES � 10, EGTA(KOH) � 1,0,
CaCl

2
 � 0,3 ³ ïåðåíîñèëèñÿ â ñïåö³àëüíèé

áóôåð äëÿ ïðîâåäåííÿ çâîðîòíî¿ òðàíñ-
êðèïö³¿. Áóôåð ì³ñòèâ ó ê³íöåâ³é êîíöåíò-
ðàö³¿ òàê³ êîìïîíåíòè (ììîëü/ë): òð³ñ-HCl
�  50 (pH 8,3), KCl �50, MgCl

2  
� 4, äèò³î-

òðå¿òîë � 40, ñóì³ø ÷îòèðüîõ íóêëåîòèä-
òðèôîñôàò³â � 1 (�Fermentas�,  Ëèòâà),
³íã³á³òîð ÐÍÊàç RiboLock � 40 îä. (�Fer-
mentas�, Ëèòâà), îë³ãîìåðíèé (dT)

18
 ïðàé-

ìåð � 0,2 ìêã. Äî ïî÷àòêó ðåàêö³¿ ÇÒ ïðîáè
çáåð³ãàëèñÿÿ ïðè 4°Ñ. Ïîò³ì äî âñ³õ çðàçê³â
äîäàâàëè 40 îä. çâîðîòíî¿ òðàíñêðèïòàçè
Ì-ÌuLV (�Fermentas�, Ëèòâà) òà ³íêóáóâàëè
ïðîáè ïðîòÿãîì 2 ãîä ïðè 42°Ñ. Îòðèìàíó
òàêèì ÷èíîì îäíîëàíöþãî âó  êÄÍÊ ç
ïîîäèíîêèõ êë³òèí ã³ïîêàìïà âèêîðèñ-
òîâóâàëè äëÿ ïðîâåäåííÿ äâîõ ñåð³é ÏËÐ
³ç çàñòîñóâàííÿì â³äïîâ³äíèõ ïðàéìåð³â.
Àìïë³ô³êàö³éíà ñóì³ø äëÿ ìóëüòèïëåêñíî¿
ÏËÐ ì³ñòèëà 5 ìêë 5-êðàòíîãî áóôåðà ³ç
ñóëüôàòîì àìîí³þ, 2,5 ììîëü/ë ñóëüôàòó

Åêñïðåñ³ÿ ãåí³â, ùî êîäóþòü âàí³ëî¿äí³ ðåöåïòîðè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2008, Ò. 54, ¹ 1 5

ìàãí³þ, 200 ìêìîëü/ë ñóì³ø³ ÷îòèðüîõ
íóêëåîòèäòðèôîñôàò³â, ïî 5 ïìîëü/ë êîæ-
íîãî ç ïðàéìåð³â òà 0,5 îä. ðåêîìá³íàíòíî¿
Taq-ïîë³ìåðàçè (�Fermentas�, Ëèòâà). Îá�ºì
çðàçê³â äîâîäèëè äî 25 ìêë äå³îí³çîâàíîþ
âîäîþ. Ïðîãðàìà ïåðøî¿  àìïë³ô³êàö³ ¿
ñêëàäàëàñÿ ç 25 öèêë³â: äåíàòóðàö³ÿ � 94°Ñ,
1 õâ, ïðèºäíàííÿ ïðàéìåð³â � 64°Ñ, 1 õâ ³
åëîíãàö³ÿ � 74°Ñ, 1 õâ (GeneAmp PCR Sys-
tem 2700, �Applied Biosystems�, ÑØÀ). Ïðè
ïðîâåäåíí³ äðóãîãî öèêëó ÏËÐ â îêðåì³
ïðîá³ðêè äîäàâàëè ïî 4 ìêë ïðîäóêòó
ïåðøîãî öèêëó ìóëüòèïëåêñíî¿ ÏËÐ äëÿ
àìïë³ô³êàö³¿ ñïåöèô³÷íèõ ôðàãìåíò³â ãåí³â
³  âèêîðèñòîâóâàëè ò³  ñàì³ êîìïîíåíòè
ñóì³ø³, ïðîòå çá³ëüøóâàëè êîíöåíòðàö³þ
ïðàéìåð³â äî 30 ïìîëü/ë. Äðóãà àìïë³-
ô³êàö³ÿ ñêëàäàëàñÿ ç 45�48 öèêë³â. Àìïë³ô³-
êàòè ðîçä³ëÿëè â 1,5%-ìó àãàðîçíîìó ãåë³,
ùî ì³còèâ áðîìèñòèé åòèä³é. Â³çóàë³çàö³þ
òà îö³íêó ÿñêðàâîñò³ àìïë³ô³êàò³â ï³ñëÿ
ãîðèçîíòàëüíîãî åëåêòðîôîðåçó (170 Â
ïðîòÿãîì 30 õâ) ïðîâîäèëè çà äîïîìîãîþ
òðàíñ³ëþì³íàòîðà òà ïðîãðàìíîãî çàáåçïå-
÷åííÿ ViTran (�Á³îêîì�, Ðîñ³ÿ)

Ê³ëüê³ñíà îö³íêà åêñïðåñ³¿ ãåí³â TRPV
â ïîîäèíîêèõ íåéðîíàõ ã³ïîêàìïà ³ç çàñ-
òîñóâàííÿì ìåòîäó ÏËÐ ó ðåàëüíîìó ÷àñ³.
Â îêðåì³é ñåð³¿ äîñë³ä³â ïðîäóêò ïåðøîãî
öèêëó ÏËÐ (ê³ëüê³ñòü öèêë³â çìåíøóâàëè
äî 15) âèêîðèñòîâóâàëè äëÿ ê³ëüê³ñíî¿
îö³íêè åêñïðåñ³ ¿  â ³äïîâ³äíèõ ãåí³â  çà

äîïîìîãîþ óñòàíîâêè 7500 Fast Real-time
PCR System (�Applied Biosystems�, ÑØÀ).
Ñóì³ø äëÿ àìïë³ô³êàö³¿ ñêëàäàëàñÿ ç 10 ìêë
ôëóîðèñöåíòíîãî áàðâíèêà SYBR Green
PCR Master Mix (�Applied Biosystems�,
ÑØÀ) òà 50 ïìîëü/ë â³äïîâ³äíèõ ïðàéìåð³â.
Îá�ºì äîâîäèëè äî 20 ìêë äå³îí³çîâàíîþ
âîäîþ. Ïðîãðàìà àìïë³ô³êàö³¿ ïî÷èíàëàñÿ
ï³ñëÿ ïîïåðåäíüî¿ àêòèâàö³¿ AmpliTaq ÄÍÊ-
ïîë³ìåðàçè ïðîòÿãîì 10 õâ ïðè 94°Ñ ³
ñêëàäàëàñÿ ç 40 öèêë³â: äåíàòóðàö³ÿ � 94°Ñ,
15 ñ, ïðèºäíàííÿ ïðàéìåð³â òà åëîíãàö³ÿ �
60°Ñ, 1 õâ. Äëÿ êîíòðîëþ çà ñïåöèô³÷í³ñòþ
ôëóîðåñöåíö³¿ ïðîäóêòó àìïë³ô³êàö³¿ ïðîâî-
äèëè äèñîö³àö³þ: ïîñë³äîâíå ï³äâèùåííÿ
òåìïåðàòóðè â³ä 60 äî 94°Ñ ³ç ðåºñòðàö³ºþ
çìåíøåííÿ ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿
êîìïëåêñ³â äâîëàíöþãîâèõ ÄÍÊ ç âèêîðèñ-
òàííÿì áàðâíèêà SYBR Green. Äëÿ ïîáó-
äîâè ñòàíäàðòíî¿ êðèâî¿ âèêîðèñòîâóâàëè
ÄÍÊ àìïë³ô³êàò³â ãåí³â TRPV, âèëó÷åíó ç
àãàðîâîî ãåëþ òà î÷èùåíó çà äîïîìîãîþ
íàáîðó DNA Extraction Kit (�Fermentas�,
Ëèòâà). Êîíöåíòðàö³þ ÄÍÊ âèçíà÷àëè ³ç
âèêîðèñòàííÿì ñïåêòðîôîòîìåòðà Nano-
Drop ND1000 (�NanoDrop Technologies Inc�,
ÑØÀ) òà  ïåðåðàõîâó âà ëè  â  ê ³ëüê ³ñòü
ìîëåêóë â 1 ìêë. Ï³ñëÿ öüîãî ãîòóâàëè
ïîñë³äîâí³  ðîçâåäåííÿ î÷èùåíî¿  ÄÍÊ
ôðàãìåíò³â ãåí³â TRPV (â³ä 130800 äî 130
ìîëåêóë äëÿ TRPV1 ³ â³ä 180200 äî 180
ìîëåêóë äëÿ TRPV2) ³ çàñòîñîâóâàëè ¿õ äëÿ

Þ.². Äðåáîò, Î. ². Áîëäèðºâ, Â.ª. Äîñåíêî, Ï.Ã. Êîñòþê

Âàí³ëî¿äí³ ðåöåïòîðè
5�-GCGAGTTCAAAGACCCAGAG-3�

TRPV1
5�-GGCATTGACAAACTGCTTCA-3� 5 6 1 4 0

TRPV2
5�-TGCATACACAGAAGGCTCCA-3�

5 6 1145�- CCGGAATCCTTGTCAATCTG-3�

Âåçèêóëÿðí³ òðàíñïîðòåðè 5�- CGTCTGCGTTTCTGTCGTTC-3�

γ-àì³íîìàñëÿíî¿ 5�-GAACTGCGTGTTCCCTTTCC-3� 6 1 1 9 7
 êèñëîòè (VGAT)

ãëóòàìàòó 5��ACCCATCGGAGGCCAGATCG-3�

6 1 3 4 1(VGLUT) 5�- GCCACTCCTCCCGCGTCTTGTGC-3�

Ïîñë³äîâí³ñòü íóêëåîòèä³â ó ïðàéìåðàõ, òåìïåðàòóðà ã³áðèäèçàö³¿ òà ðîçì³ð ïðîäóêò³â àìïë³ô³êàö³¿

Ãåí Ïîñë³äîâí³ñòü íóêëåîòèä³â äëÿ àìïë³ô³êàö³¿ Òåìïåðàòóðà
ã³áðèäèçàö³¿, °Ñ

Ðîçì³ð
àìïë³ô³êàòó, ï. î.
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àìïë³ô³êàö³¿ çà âèùåâêàçàíèìè ïðîãðàìàìè
(15 öèêë³â çâè÷àéíî¿ ÏËÐ ³ 40 öèêë³â ÏËÐ
ó ðåàëüíîìó ÷àñ³) ïàðàëåëüíî ç ïðîáàìè
îêðåìèõ êë³òèí ã³ïîêàìïà.

Îòðèìàí³ öèôðîâ³ ðåçóëüòàòè îáðîáëÿëè
ñòàòèñòè÷íî ç âèêîðèñòàííÿì ïðîãðàìè
Excel  2000 òà Îrigin 7.0.  Â³ðîã³äí³ñòü
â³äì³ííîñòåé ñåðåäí³õ çíà÷åíü (Ð<0,05)
âèçíà÷àëè çà êðèòåð³ºì t Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ðçóëüòàòè ïðîâåäåíèõ åêñïåðèìåíò³â
ïîêàçàëè, ùî ÿê ó òêàíèí³ ã³ïîêàìïà, òàê ³
â ïîîäèíîêèõ êóëüòèâîâàíèõ íåéðîíàõ ö³º¿
ä³ëÿíêè ìîçêó âèçíà÷àºòüñÿ åêñïðåñ³ÿ
ìÐÍÊ TRPV1 òà TRPV2 (ðèñ. 1), ïðè÷îìó
¿¿ ð³âåíü â ð³çíèõ íåéðîíàõ äîñèòü ñóòòºâî
â³äð³çíÿºòüñÿ.

Ê³ëüê³ñíà îö³íêà åêñïðåñ³¿ ãåí³â äàº
çìîãó êîíñòàòóâàòè, ùî ê³ëüê³ñòü ìîëåêóë
ìÐÍÊ TRPV1 (ä³àïàçîí â³ä 70 äî 192
ìîëåêóë íà 1 êë³òèíó, â ñåðåäíüîìó � 124)
çíà÷íî ïåðåâèùóº ê³ëüê³ñòü ìÐÍÊ TRPV2
(â ³ä  1  äî  75  ìîëåêóë  íà  1  êë ³òèíó,  â
ñåðåäíüîìó � 66).

Çà ë³òåðàòóðíèìè äàíèìè TRPV1 åêñ-

ïðåñóþòüñÿ ÿê â íåéðîíàõ, òàê ³ â ãë³àëüíèõ
êë³òèíàõ. Ïðè öüîìó âàí³ëî¿äí³ ðåöåïòîðè
ëîêàë³çóþòüñÿ â ð³çíèõ êîìïàðòìåíòàõ
êë³òèíè:

1. TRPV1 ïëàçìàòè÷íî¿ ìåìáðàíè �
îñíîâíà òà íàéá³ëüø âèâ÷åíà ôîðìà. Âñ³
åôåêòè àêòèâàö³¿ âàí³ëî¿äíèõ ðåöåïòîð³â
ïîâ�ÿçàí³ ñàìå ç ö³ºþ ëîêàë³çàö³ºþ [8].

2. TRPV1 ïëàçìàòè÷íèõ âåçèêóë � òðàíñ-
ïîðòíà ôîðìà ñèíòåçîâàíèõ de novo âàí³-
ëî¿äíèõ ðåöåïòîð³â, à òàêîæ ðåöåïòîðè
âíóòð³øíüîêë³òèííîãî äåïî, çà ðàõóíîê ÿêèõ
çä³éñíþºòüñÿ ðåãóëÿö³ÿ ê³ëüêîñò³ ðåöåïòîð³â
íà öèòîïëàçìàòè÷í³é ìåìáðàí³ [4, 8].

3. TRPV1 åíäîïëàçìàòè÷íîãî ðåòèêó-
ëóìà � áåðóòü ó÷àñòü ó ðåãóëÿö³¿ âíóòð³ø-
íüîêë³òèííîãî ³îííîãî áàëàíñó (àêòèâàö³ÿ
ñïðè÷èíþº âèõ³ä ³îí³â êàëüö³þ ³ç âíóòð³ø-
íüîêë³òèííîãî äåïî â öèòîïëàçìó) [12].

²ñíóâàííÿ TRPV1 ó ìîçêó áóëî ï³ä-
òâåðäæåíî áàãàòüìà åêñïåðèìåíòàìè ç
âèêîðèñòàííÿì ìÐÍÊ TRPV1 [11, 13�16,
20, 21]. Â îäíîìó ç íàéá³ëüø äåòàëüíèõ
äîñë³äæåíü áóëî çàñòîñîâàíî RTX-ìàðêó-
âàííÿ (ðåçèíîôåðîòîêñèí) äëÿ âèÿâëåííÿ
åêñïðåñ³¿ ãåíà TRPV1 â ìîçêó íîðìàëüíèõ
³ íîêàóòîâàíèõ çà öèì ãåíîì ìèøåé [14].

Ðèñ. 1. Åëåêòðîôîðåçíèé ãåëü ïðîäóêò³â ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ ôðàãìåíò³â ãåí³â âàí³ëî¿äíèõ ðåöåïòîð³â
TRPV1 (à), TRPV2 (á) ³ âåçèêóëÿðíèõ òðàíñïîðòåð³â VGAT (â) òà VGLUT (ã) ç ïîîäèíîêèõ íåéðîí³â êóëüòóðè íåéðîí³â
ã³ïîêàìïà íîâîíàðîäæåíèõ ùóð³â

41 32 85 76

140 ï.î.

114 ï.î.

197 ï.î.

341 ï.î.

Åêñïðåñ³ÿ ãåí³â, ùî êîäóþòü âàí³ëî¿äí³ ðåöåïòîðè
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Öå äîñë³äæåííÿ ïîêàçàëî øèðîêå ðîçïîâ-
ñþäæåííÿ TRPV1 â ìîçêó, âêëþ÷àþ÷è ä³ëÿíêè
êîðè ãîëîâíîãî ìîçêó, ìîçî÷êà òà ð³çíî-
ìàí³òíèõ ï³äê³ðêîâèõ ñòðóêòóð. Çãîäîì áóëî
ï³äòâåðäæåíî, ùî ê³ëüê³ñòü ìÐÍÊ TRPV1 ó
çàäíüîêîð³íöåâèõ ãàíãë³ÿõ ïðèáëèçíî â 28
ðàç³â ïåðåâèùóº òàêèé â ³íøèõ ä³ëÿíêàõ
ãîëîâíîãî òà ñïèííîãî ìîçêó [15]. ²íøèì
äîñë³äíèêàì íå âäàëîñÿ âèÿâèòè åêñïðåñ³þ
TRPV1 â öåíòðàëüí³é íåðâîâ³é ñèñòåì³ [3,
19], ùî ìîæå áóòè ïîÿñíåíî çàñòîñóâàííÿì
ìåòîä³â ³ç íåäîñòàòíüîþ ÷óòëèâ³ñòþ. Çà
íàøèìè ðåçóëüòàòàìè TRPV1, TRPV2 äîñèòü
àêòèâíî åêñïðåñóºòüñÿ ÿê ó òêàíèí³ ã³ïîêàìïà
íîâîíàðîäæåíèõ ùóð³â, òàê ³ â êóëüòèâîâàíèõ
íåéðîíàõ ö³º¿ ä³ëÿíêè ìîçêó.

²ìóíîõ³ì³÷íèìè ìåòîäàìè äîâåäåíî, ùî
TRPV1 ðîçòàøîâàí³  ïåðåâàæíî â ñîì³

íåéðîí³â ³ äåíäðèòàõ [11, 13, 14, 21]. Òàêîæ
ïðîäåìîíñòðîâàíî, ùî TRPV1 ³ TRPV2
êîëîêàë³çîâàí³ â äåÿêèõ ñòðóêòóðàõ ìîçêó
[13], âèÿâëÿþòüñÿ â öèòîïëàçìàòè÷íîìó
ðåòèêóëóì³  òà  ïëàçìàòè÷í³é ìåìáðàí³
íåéðîí³â [13]. Ïðè öüîìó ¿õ êîëîêàë³çàö³ÿ
íå º õàðàêòåðíîþ äëÿ íåéðîí³â çàäíüîêî-
ð³íöåâèõ ãàíãë³¿â [13]. Ðåçóëüòàòè íàøèõ
åêñïåðèìåíò³â ïîêàçàëè, ùî ïðàêòè÷íî óñ³
íåéðîíè åêñïðåñóâàëè îäíî÷àñíî ãåíè
TRPV1 ³ TRPV2 (ðèñ. 2).

Âèçíà÷åííÿ åêñïðåñ³¿ ãåí³â, ùî êîäóþòü
âåçèêóëÿðí³ òðàíñïîðòåðè ãëóòàìàòó òà g-
àì³íîìàñëÿíî¿ êèñëîòè äàëî çìîãó îö³íèòè
â³äñîòêîâå ñï³ââ³äíîøåííÿ ì³æ åêñïðåñ³ºþ
ìÐÍÊ TRPV1 òà TRPV2 â ÃÀÌÊåðã³÷íèõ òà
ãëóòàìàòåðã³÷íèõ íåéðîíàõ. Òàê, áóëî âñòà-
íîâëåíî, ùî ê³ëüê³ñòü ìÐÍÊ TRPV1 â

Ðèñ. 2. Ðåçóëüòàòè ê³ëüê³ñíîãî àíàë³çó åêñïðåñ³¿ ãåí³â âàí³ëî¿äíèõ ðåöåïòîð³â TRPV1 ³ TRPV2 ó ïîîäèíîêèõ íåéðîíàõ
ã³ïîêàìïà: à � çàëåæí³ñòü ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ â³ä öèêëó àìïë³ô³êàö³¿ ïðè ð³çíèõ êîíöåíòðàö³ÿõ àìïë³ô³êàòó
TRPV1, á � ñòàíäàðòíà êðèâà, ùî îïèñóº â³äíîøåííÿ ëîãàðèôìó êîíöåíòðàö³¿ î÷èùåíî¿ ÄÍÊ ôðàãìåíòà ãåíà TRPV1
äî ïîðîãîâîãî öèêëó, â � çàëåæí³ñòü ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ â³ä öèêëó àìïë³ô³êàö³¿ ñóáîäèíèö³ TRPV2,
ã � ñòàíäàðòíà êðèâà, ùî îïèñóº â³äíîøåííÿ ëîãàðèôìó êîíöåíòðàö³¿ î÷èùåíî¿ ÄÍÊ ôðàãìåíòà ãåíà TRPV2 äî
ïîðîãîâîãî öèêëó

óì.îä.
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ÃÀÌÊåðã³÷íèõ íåéðîíàõ áóëà çíà÷íî âèùîþ,
í³æ ìÐÍÊ TRPV2 (96 òà 88 % ÃÀÌÊåðã³÷íèõ
íåéðîí³â â³äïîâ³äíî), òîä³ ÿê â ãëóòàìàò-
åðã³÷íèõ íåéðîíàõ åêñïðåñ³ÿ öèõ ãåí³â íå
â³äð³çíÿëàñÿ (ðèñ. 3).

Íà  ïî÷àòêîìîâó  åòàï³  çíàõîäèòüñÿ
âèâ÷åííÿ ïðîáëåìè ïðî ðåãóëÿö³þ åêñïðåñ³¿
ãåí³â TRPV. Mezey òà ñï³âàâò. [11] îòðèìà-
ëè äàí³ ïðî òå, ùî ââåäåííÿ êàïñà¿öèíó
íåîíàòàëüíèì ùóðàì çìåíøóº åêñïðåñ³þ
ìÐÍÊ TRPV1 â ìîçêó. Çàëèøàºòüñÿ â³äêðè-
òèì ïèòàííÿ ïðî ó÷àñòü åíäîâàí³ëî¿ä³â òà
³íøèõ íåéðîìåä³àòîð³â ó ðåãóëÿö³¿ ê³ëüêîñò³
òà àêòèâíîñò³ âàí³ëî¿äíèõ ðåöåïòîð³â ó
íåéðîíàõ öåíòðàëüíî¿ òà ïåðèôåðè÷íî¿
íåðâîâî¿ ñèñòåìè. Ëèøå â 2007 ð. Sikand ³
Premkumar âäàëîñÿ âñòàíîâèòè, ùî àêòèâà-
ö³ÿ ïðîòå¿íê³íàçè Ñ çá³ëüøóº ÷óòëèâ³ñòü
TRPV1 ãëóòàìàòåðã³÷íèõ íåéðîí³â  äî
êàïñà¿öèíó [17]. Ô³ç³îëîã³÷íå çíà÷åííÿ
TRPV ó ñòðóêòóðàõ ìîçêó òàêîæ ïîòðåáóº
á³ëüø äåòàëüíîãî âèâ÷åííÿ. Âèõîäÿ÷è ç
òîãî, ùî TRPV1 çàëó÷åí³ â ïðîöåñè íîöè-
öåïö³¿ íà ð³âí³ çàäíüîêîð³íöåâèõ ãàíãë³¿â ³
ñåíñîðíèõ íåðâîâèõ çàê³í÷åíü, ìîæíà ïðè-

ïóñòèòè àíàëîã³÷íå çíà÷åííÿ öèõ ðåöåïòîð³â
³ â ³íøèõ ìîçêîâèõ ñòðóêòóðàõ, çîêðåìà ó
ã³ïîêàìï³. Ïðîòå, íà íàøó äóìêó, ðîëü
âàí³ëî¿äíèõ ðåöåïòîð³â ó ã³ïîêàìï³ íå ìîæå
îáìåæóâàòèñÿ ëèøå ¿õ ó÷àñòþ â íîöèöåïö³¿.

I.I. Drebot , O.I. Boldyryev , V. E. Dosenko,
P.G. Kostyuk

EXPRESSION OF TRPV1 AND TRPV2
RECEPTORS MRNA IN THE CULTURED
HIPPOCAMPAL NEURONS

Expression of mRNA of 1 and 2 type (TRPV1 and TRPV2)
vanilloid receptors in the cultured hippocampal neurons was
determined. With the use of reverse transcription polymerase
chain reaction (RT-PCR) of single neurons (single-cell RT-PCR),
was shown the TRPV1 and TRPV2 receptors expression in
both neurons and glia cell. With use of real - time (real-time
PCR) we determined that the level of these genes expression in
different neurons is identical. It was also shown that the level of
mTRPV1 in GABAergic neurons  was considerably higher, than
the level of mTRPV2, while expression of genes in the
glutamatergic neurons did not differ. Findings about expression
of TRPV1 and TRPV2  allow to suppose that vanilloid receptors
can play an important functional role in the hippocampal neurons.

O.O.Bogomoletz Institute of Physiology,  National
Academy of Sciences of Ukraine, Kyiv

Ðèñ. 3. Ðåçóëüòàòè ê³ëüê³ñíîãî àíàë³çó åêñïðåñ³¿ ãåíà âåçèêóëÿðíèõ òðàíñïîðòåð³â VGAT ³ VGLUT ó ïîîäèíîêèõ
íåéðîíàõ ã³ïîêàìïà. Çàëåæí³ñòü ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ â³ä öèêëó àìïë³ô³êàö³¿ (à), â³äñîòêîâå ñï³ââ³äíîøåííÿ
åêñïðåñ³¿ ìÐÍÊ âàí³ëî¿äíèõ ðåöåïòîð³â TRPV1 ³ TRPV2 â ÃÀÌÊåðã³÷íèõ (á) ³ ãëóòàìàòåðã³÷íèõ íåéðîíàõ (â)

75

100

50

25

0

TV1
TV2

á

75

100

50

25

0

TV1 TV2

âà

%

%

Åêñïðåñ³ÿ ãåí³â, ùî êîäóþòü âàí³ëî¿äí³ ðåöåïòîðè



ISSN 0201-8489    Ô³ç³îë. æóðí., 2008, Ò. 54, ¹ 1 9

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Al-Hayani A., Wease K.N., Ross R.A. et al. The endog-
enous cannabinoid anandamide activates vanilloid
receptors in the rat hippocampal slice // Neuropharma-
cology. � 2001. � 41. � P.1000�1005.

2. Caterina M.J., Schumacher M.A., Tominaga M. et al.
The capsaicin receptor: a heat-activated ion channel in
the pain pathway // Nature. � 1997. � 389. � P.816�824.

3. Caterina M.J., Leffler A., Malmberg A.B. et al. Impaired
nociception and pain sensation in mice lacking the capsaicin
receptor // Science. � 2000. � 288. � P. 306�313.

4. Jung J., Lee S.Y., Hwang S.W. et al. Agonist recognition
sites in the cytosolic tails of vanilloid receptor 1 // J.
Biol. Chem. � 2002. � 277, ¹ 46. � P. 44448�44454.

5. Huang S.M., Bisogno T., Trevisani M. et al. An endog-
enous capsaicinlike substance with high potency at re-
combinant and native vanilloid VR1 receptors // Proc.
Natl. Acad. Sci. USA. � 2002. � 99. � P.8400�8405.

6. Kim S.R., Lee D.Y., Chung E.S. et al. Transient receptor
potential vanilloid subtype 1 mediates cell death of
mesencephalic dopaminergic neurons in vivo and in vitro
// J. Neurosci. � 2005. � 25. � P.662�671.

7. Kofalvi A., Oliveira C.R., Cunha A. Lack of evidence
for functional TRPV(1) vanilloid receptors in rat hip-
pocampal nerve terminals // Neurosci. Lett. � 2006. �
403. � P. 151�156.

8. Nagy I., Santha P., Jancso G., Urban L. The role of the
vanilloid (capsaicin) receptor (TRPV1) in physiology and
pathology // Eur. J. Pharmacol. � 2004. � 500. � P. 351�69.

9. Millan M.J. Descending control of pain // Prog. Neurobiol. �
2002. � 66. � Ð.355�474.

10. Millan M.J. The induction of pain: an integrative review
// Ibid. � 1999. � 57. � P.1�164

11. Mezey E., Toth Z.E. , Cortright D.N. et al. Distribution
of mRNA for vanilloid receptor subtype 1 (VR1), and
VR1-like immunoreactivity, in the central nervous sys-
tem of the rat and human // Proc. Natl. Acad. Sci. USA.

� 2000. � 97. � P.3655�3660.
12. Liu L., Simon S.A. The influence of removing extracel-

lular Ca
2+

 in the desensitization responses to capsaicin,
zingerone and olvanil in rat trigeminal ganglion neurons
// Brain. Res. � 1998. � 809, ¹ 2. � Ð. 246�52

13. Liapi A., Wood J.N. Extensive co-localization and
heteromultimer formation of the vanilloid receptor-like
protein TRPV2 and the capsaicin receptor TRPV1 in
the adult rat cerebral cortex // Eur. J. Neurosci. � 2005. �
22. � Ð. 825�834.

14. Roberts J.C., Davis J.B., Benham C.D. [3H]Res-
iniferatoxin autoradiography in the CNS of wild-type and
TRPV1 null mice defines TRPV1 (VR-1) protein dis-
tribution // Brain. Res. � 2004.�995.�Ð. 176�183.

15. Sanchez J.F., Krause J.E., Cortright D.N. The distribu-
tion and regulation of vanilloid receptor VR1 and VR1
5' splice variant RNA expression in rat // Neuroscience. �
2001. � 107. � Ð. 373�381.

16. Sasamura T., Sasaki M., Tohda C., Kuraishi Y. Existence
of capsaicinsensitive glutamatergic terminals in rat hypo-
thalamus // Neuroreport. � 1998. � 9. � Ð. 2045�2048.

17. Sikand P., Premkumar L.S. Potentiation of glutamatergic
synaptic transmission by protein kinase C-mediated sen-
sitization of TRPV1 at the first sensory synapse // J.
Physiol. � 2007. � 581, Pt 2. � P.631�647.

18. Steenland H.W., Ko S.W., Wu L.J., Zhuo M. Hot
receptors in the brain // Mol. Pain. � 2006. � 8. � Ð. 2�34.

19. Szallasi A., Nilsson S., Farkas-Szallasi T. et. al. Vanilloid
(capsaicin) receptors in the rat: distribution in the brain,
regional differences in the spinal cord, axonal transport
to the periphery, and depletion by systemic vanilloid treat-
ment // Brain Res. � 1995. � 703. � Ð. 175�183.

20. Szabo T., Biro T. , Gonzalez A.F. et al. Pharmacological
characterization of vanilloid receptor located in the brain
// Brain. Res. Mol. Brain Res. � 2002. � 98. � Ð. 51�57.

21. Toth A., Boczan J., Kedei N. et al. Expression and dis-
tribution of vanilloid receptor1 (TRPV1) in the adult rat
brain // Ibid. � 2005. � 135. � Ð. 162�168.

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î. Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè,
Êè¿â

Ìàòåð³àë íàä³éøîâ äî
ðåäàêö³¿ 04.09.2007

Þ.². Äðåáîò, Î. ². Áîëäèðºâ, Â.ª. Äîñåíêî, Ï.Ã. Êîñòþê


