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Â ðîáîò³ ïîêàçàíî, ùî àíàë³ç â³äíîñíî¿ ðîë³ ïîëÿðíèõ ³ íåïîëÿðíèõ ôàêòîð³â ñòðóê-

òóðè ìîëåêóë äîçâîëèòü ïðîâîäèòè ïîïåðåäíþ ïðèáëèçíó îö³íêó ìîæëèâîñò³ ðå÷î-

âèí ïåðåòèíàòè ãåìàòîåíöåôàë³÷íèé áàð’ºð. Ïðè âèêîðèñòàíí³ ðîçðîáëåíèõ ðàí³-

øå êîìï’þòåðíèõ åêñïåðòíèõ ñèñòåì, ÿê³ áàçóþòüñÿ íà QSAR/QSPR ìîäåëÿõ, ïî-

áóäîâàíèõ â ðàìêàõ ñèìïëåêñíîãî ï³äõîäó, äëÿ âèá³ðêè ç 614 ð³çíîìàí³òíèõ îðãàí-

³÷íèõ ñïîëóê ðîçðàõîâàíî âîäíó ðîç÷èíí³ñòü logSw (ìîäåëü ïîëÿðíîãî ôàêòîðó),

ë³ïîô³ëüí³ñòü logP (ìîäåëü íåïîëÿðíîãî ôàêòîðó), õàðàêòåðèñòèêè ïðîíèêíåííÿ

êð³çü ãåìàòîåíöåôàë³÷íèé áàð’ºð: logBB, logPS, logP0
PAMPA-ÃÅÁ, íàëåæí³ñòü ðå÷îâèí

äî êëàñ³â ÂÂÂ+ àáî ÂÂÂ– ³ ÷è º ñïîëóêà ñóáñòðàòîì Ð-ãë³êîïðîòå¿íó (P-gl) àáî í³

(no-P-gl). Àíàë³ç ðîçïîä³ëó òî÷îê â³äïîâ³äíèõ ìîëåêóë â êîîðäèíàòàõ logP, Log Sw

âèÿâèâ, ùî äëÿ ñïîëóê ç âèñîêîþ ïðîíèêàþ÷îþ çäàòí³ñòþ ë³ïîô³ëüí³ñòü ³ âîäíà

ðîç÷èíí³ñòü ïîâèíí³ áóòè ïðèáëèçíî ó òàêèõ ìåæàõ: 3logP6; –5logSw–1. Äëÿ

äàíèõ, ÿê³ íàâåäåí³ ó ð³çíèõ øêàëàõ – áåçïåðåðâíî¿ ³ êëàñèô³êàö³éíî¿, ðîçðàõîâàíî

êîåô³ö³ºíò ïîëóçíàêîâî¿ êîðåëÿö³¿ Rss, ÿêèé äîð³âíþº 0,93, ùî ï³äòâåðäæóº óçãîä-

æåí³ñòü ðåçóëüòàò³â ïðîãíîçó ïàðàìåòð³â LogBB ³ êëàñèô³êàö³¿ BBB+/–. Ê³ëüê³ñíî

îö³íåíî çàãàëüí³ òåíäåíö³¿ êëàñèô³êàö³¿ äîñë³äæóâàíèõ ñïîëóê çà êëàñàìè

ÂÂÂ+/ÂÂÂ– ³ P-gl/no-P-gl. Àíòèáàòíèé õàðàêòåð çâ’ÿçêó äàíèõ äâîõ êëàñèô³êàö³é

ï³äêðåñëþº çíàêîâèé êîåô³ö³ºíò àñîö³àö³¿, ÿêèé äîð³âíþº –0,35.
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Âñòóï
Îäíèì ç âàæëèâèõ òêàíèííèõ áàð’ºð³â º

ãåìàòîåíöåôàë³÷íèé áàð’ºð (ÃÅÁ), âèâ÷åííÿ
ïðîíèêíîñò³ ÷åðåç ÿêèé íåîáõ³äíî ÿê äëÿ ñòâî-
ðåííÿ íîâèõ ë³êàðñüêèõ çàñîá³â, äëÿ ÿêèõ öåí-
òðàëüíà íåðâîâà ñèñòåìà (ÖÍÑ) º á³îì³øåííþ,
òàê ³ äëÿ ðîçðîáêè åôåêòèâíèõ øëÿõ³â òåðàï³¿
çàõâîðþâàíü ãîëîâíîãî ìîçêó (õâîðîáè Ïàðê³í-
ñîíà, Àëüöãåéìåðà, ³íñóëüòó, ðàêó ìîçêó òîùî)
[1,2]. Çàâäÿêè ñêëàäí³é ñòðóêòóð³ ÃÅÁ ìàº íèçü-
êó ³ âèáîð÷ó ïðîíèêí³ñòü, àëå, íåçâàæàþ÷è íà
öå, âñå æ ³ñíóº áåçë³÷ ìåõàí³çì³â ïðîíèêíåííÿ â
òêàíèíè ìîçêó ÿê ã³äðîô³ëüíèõ, òàê ³ ë³ïîô³ëü-
íèõ ðå÷îâèí.

Ñïåöèô³÷í³ñòü ÃÅÁ ç ô³ç³îëîã³÷íî¿ òî÷êè
çîðó ÿâëÿº ñîáîþ íàä³éíèé çàõèñò äëÿ òêàíèí
ìîçêó, àëå â êë³í³÷íîìó ïëàí³ òàêà âèá³ðêîâ³ñòü
çíèæóº åôåêòèâí³ñòü ïðîâåäåíî¿ ìåäèêàìåíòîç-
íî¿ òåðàï³¿ ïðè ð³çíèõ çàõâîðþâàííÿõ ÖÍÑ [1,3].
ÃÅÁ º ô³ç³îëîã³÷íèì áàð’ºðîì ì³æ êðîâîíîñíîþ
ñèñòåìîþ ³ ÖÍÑ [4], ÿêèé ìàº ïîäâ³éíó ôóí-
êö³þ: ðåãóëÿòîðíó òà çàõèñíó. ÃÅÁ âèêîíóº ôóí-
êö³þ âèñîêî ñåëåêòèâíîãî ô³ëüòðó, ÷åðåç ÿêèé ç
êðîâîíîñíîãî ðóñëà ó ìîçîê íàäõîäÿòü ïîæèâí³
ðå÷îâèíè, à â çâîðîòíîìó íàïðÿìêó âèâîäÿòüñÿ
ïðîäóêòè æèòòºä³ÿëüíîñò³ íåðâîâî¿ òêàíèíè. Àëå
ðàçîì ç òèì, íàÿâí³ñòü ÃÅÁ óñêëàäíþº ë³êóâàí-
íÿ áàãàòüîõ çàõâîðþâàíü ÖÍÑ, òîìó ùî â³í íå
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ïðîïóñêàº ö³ëó íèçêó ë³êàðñüêèõ ïðåïàðàò³â. Çà
äîïîìîãîþ ÃÅÁ çä³éñíþºòüñÿ âèáîð÷à ïðî-
íèêí³ñòü â ãîëîâíèé ìîçîê íåéðîìåä³àòîð³â ³
íåéðîïåïòèä³â öåíòðàëüíî¿ ä³¿. Êð³ì òîãî, îä-
í³ºþ ç íàéâàæëèâ³øèõ ôóíêö³é ÃÅÁ º çáåðåæåí-
íÿ áàëàíñó êîíöåíòðàö³¿ ³îí³â ³ íåîáõ³äíîãî îá-
ñÿãó ð³äèíè â ãîëîâíîìó ìîçêó äëÿ ñòâîðåííÿ
îïòèìàëüíèõ óìîâ ôóíêö³îíóâàííÿ íåéðîí³â
[4,5].

Ïðîíèêíåííÿ ðå÷îâèí ÷åðåç ÃÅÁ ìîæå éòè
ð³çíèìè øëÿõàìè. Íàÿâí³ñòü ù³ëüíèõ êîíòàêò³â
ì³æ êë³òèíàìè ðîáèòü íåìîæëèâèì äèôóç³þ ðå-
÷îâèí ÷åðåç ì³æêë³òèííèé ïðîñò³ð, çàëèøàþ÷è
ò³ëüêè ïàñèâíó äèôóç³þ ³ àêòèâíèé òðàíñïîðò.
Êð³ì òîãî, ìîëåêóëè, ÿê³ ïðîíèêëè ÷åðåç ÃÅÁ,
íåîáîâ’ÿçêîâî çàòðèìóþòüñÿ â ãîëîâíîìó ìîç-
êó, îñê³ëüêè ó ìåìáðàíàõ åíäîòåë³àëüíèõ êë³òèí
ì³ñòèòüñÿ ðÿä ôåðìåíòíèõ ñèñòåì (çâîðîòíèõ
òðàíñïîðòåð³â), ùî âèêèäàþòü â ïðîñâ³ò êàï³-
ëÿð³â ÿê ïðèðîäí³ ìåòàáîë³òè ³ òîêñèíè, ùî º
âàæëèâèì â ï³äòðèìàíí³ ãîìåîñòàçó òà çàõèñòó
ìîçêó, òàê ³ ïîä³áí³ çà ñòðóêòóðîþ ñïîëóêè [6].

Îäíèì ç îñíîâíèõ âèä³â òðàíñïîðòó ðå÷î-
âèí ÷åðåç ÃÅÁ º ïàñèâíà äèôóç³ÿ, ÿêà
çä³éñíþºòüñÿ çà ãðàä³ºíòîì êîíöåíòðàö³¿ ç ïî-
òîêó êðîâ³ â ìîçîê áåç åíåðãåòè÷íèõ âèòðàò.
Îñòàíí³ì ÷àñîì ïðèä³ëÿºòüñÿ âåëèêà óâàãà çíà-
÷³ííþ òðàíñïîðòíèõ á³ëê³â, ÿê³ ìàþòü âàæëèâå
çíà÷åííÿ â ðåãóëÿö³¿ àäñîðáö³¿, ðîçïîä³ëó òà åê-
ñêðåö³¿ áàãàòüîõ ðå÷îâèí, â òîìó ÷èñë³ ³
ë³êàðñüêèõ çàñîá³â. Îñîáëèâîþ ôîðìîþ äèôóç³¿
÷åðåç êë³òèííó ìåìáðàíó º ïîëåãøåíà äèôóç³ÿ.
Ïðè öüîìó ñïîëóêè çâ’ÿçóþòüñÿ ç³ ñïåöèô³÷íèì
ìåìáðàííèì á³ëêîì ³ ïåðåíîñÿòüñÿ íà ³íøèé á³ê
ìåìáðàíè øëÿõîì çì³íè êîíôîðìàö³¿ á³ëêà. Öåé
ìåõàí³çì º îñîáëèâîþ ôîðìîþ åíäîöèòîçó, ÿêèé
â³äáóâàºòüñÿ çà ãðàä³ºíòîì êîíöåíòðàö³¿, ÿê ³
â³ëüíà äèôóç³ÿ, ³ ñïðèÿº òðàíñïîðòó äåÿêèõ ìî-
íîêàðáîêñèëüíèõ êèñëîò, àì³íîêèñëîò, ïåïòèä³â
[7]. Ïîëåãøåíà äèôóç³ÿ ñïðÿìîâàíà â íàïðÿìêó
ïðîñòîðó (âíóòð³øíüî- àáî ïîçàêë³òèííîãî) ç
ìåíøîþ êîíöåíòðàö³ºþ ðå÷îâèíè ³ íå âèìàãàº
âèòðàò êë³òèííî¿ åíåðã³¿.

Íà â³äì³íó â³ä ïàñèâíîãî òðàíñïîðòó àê-
òèâíèé òðàíñïîðò ïîëÿãàº â ïåðåíåñåíí³ ðå÷î-
âèí â ïðîñò³ð ç á³ëüøîþ êîíöåíòðàö³ºþ ðå÷î-
âèíè ³ âèìàãàº âåëèêèõ âèòðàò êë³òèííî¿ åíåðã³¿,
îäåðæóâàíî¿ ïðè ðîçïàä³ ìîëåêóë ÀÒÔ [2]. Ïðè
àêòèâíîìó òðàíñïîðò³ ðå÷îâèí ç êðîâîíîñíîãî
ðóñëà â òêàíèíó ìîçêó ãîâîðÿòü ïðî ïðèïëèâ
ðå÷îâèíè (àíãë. influx), â çâîðîòíîìó íàïðÿìêó
– ïðî â³äò³ê (àíãë. efflux). Ïåðøèì ³äåíòèô³êî-
âàíèì efflux-òðàíñïîðòåðîì ÃÅÁ º Ð-ãë³êîïðî-
òå¿í (P-gp) – á³ëîê êë³òèííî¿ ìåìáðàíè, ÿêèé

äîçâîëÿº ï³äâèùèòè âèä³ëåííÿ ðå÷îâèí, ùî
òðàíñïîðòóþòüñÿ [8]. Çá³ëüøåííÿ ê³ëüêîñò³ P-gp
³ éîãî ñóáñòðàò³â ìàº çíà÷åííÿ â ð³çíèõ áàð’ºð-
íèõ ñèñòåìàõ îðãàí³çìó, â òîìó ÷èñë³ ³ ó ÃÅÁ.

Ðàí³øå [9,10] áóëà ïðîäåìîíñòðîâàíà ìîæ-
ëèâ³ñòü ïðîãíîçóâàííÿ ïîêàçíèê³â ïðîíèêíåí-
íÿ ðå÷îâèí ÷åðåç ÃÅÁ çà äîïîìîãîþ â³äïîâ³ä-
íèõ QSAR ìîäåëåé, ÿê³ ðåàë³çîâàí³ ó âèãëÿä³
êîìï’þòåðíî¿ åêñïåðòíî¿ ñèñòåìè.

Ìåòîþ äàíî¿ ðîáîòè áóëî îö³íèòè â³äíîñ-
íå çíà÷åííÿ íåïîëÿðíèõ ³ ïîëÿðíèõ ôàêòîð³â ìî-
ëåêóëÿðíî¿ ñòðóêòóðè, ùî âïëèâàþòü íà ìîæ-
ëèâ³ñòü ðå÷îâèí ïåðåòèíàòè ÃÅÁ. ßê ³íòåãðîâà-
íå îö³íþâàííÿ ïîëÿðíèõ ôàêòîð³â âèêîðèñòî-
âóâàëè âîäíó ðîç÷èíí³ñòü, ÿêà âèçíà÷àºòüñÿ åëåê-
òðîñòàòè÷íèìè âçàºìîä³ÿìè, âîäíåâèì çâ’ÿçêîì
òîùî. Äëÿ îö³íêè íåïîëÿðíèõ ôàêòîð³â âèêî-
ðèñòàëè ë³îô³ëüí³ñòü (logP).

Ìàòåð³àëè ³ ìåòîäè
Îá’ºêòîì äîñë³äæåííÿ áóëà áàçà äàíèõ ç 614

ð³çíîìàí³òíèõ îðãàí³÷íèõ ñïîëóê, ñåðåä ÿêèõ
ïåðåâàæíà ÷àñòèíà öå ïîòåíö³éí³ ³ â³äîì³
ë³êàðñüê³ ïðåïàðàòè [10]. Ñë³ä çàçíà÷èòè, ùî áàçà
ì³ñòèòü ³íôîðìàö³þ ïåðåâàæíî ùîäî ïðîíèê-
íåííÿ ðå÷îâèí ÷åðåç ÃÅÁ øëÿõîì ïàñèâíî¿ äè-
ôóç³¿, ïðè öüîìó ðîçãëÿäàþòüñÿ òàê³ ïîêàçíèêè
ïðîíèêíîñò³ ðå÷îâèí, ÿê:

– logBB(blood-brain, log(Cìîçîê/Ñêðîâ)) – ëî-
ãàðèôì â³äíîøåííÿ êîíöåíòðàö³¿ äîñë³äæóâàíî¿
ðå÷îâèíè ó ãîëîâíîìó ìîçêó ³ ïëàçì³ êðîâ³ ïðè
äîñÿãíåíí³ ñèñòåìîþ ñòàö³îíàðíîãî ñòàíó;

– logPS – ëîãàðèôì äîáóòêó ïðîíèêíîñò³ ³
ïëîù³ ïîâåðõí³ îáì³íó, ùî º ì³ðîþ ïåðåíîñó
ñïîëóêè ç êðîâ³ ó ìîçîê òà â³äîáðàæóº ñòóï³íü
ïðîíèêíåííÿ ðå÷îâèíè ó ìîçîê áåç â³äíîñíîãî
çâ’ÿçóâàííÿ ç á³ëêàìè;

– logP0
PAMPA-ÃÅÁ – ëîãàðèôì ïàñèâíî¿ ïðî-

íèêíîñò³, îòðèìàíèé çà äîïîìîãîþ ìåòîäó
PAMPA (Parallel Artificial Membrane Permeability
Assay), ÿêèé áàçóºòüñÿ íà âèêîðèñòàíí³ øòó-
÷íèõ íåá³îëîã³÷íèõ ìåìáðàí;

– íàëåæí³ñòü ðå÷îâèíè äî êëàñó ÂÂÂ+ àáî
ÂÂÂ–.

Êð³ì òîãî, â áàç³ ïðèñóòíÿ ³íôîðìàö³ÿ ùîäî
ïðîíèêíîñò³ ðå÷îâèí ÷åðåç ÃÅÁ øëÿõîì àêòèâ-
íîãî òðàíñïîðòó ïðè çâ’ÿçóâàíí³ ç Ð-ãë³êîïðî-
òå¿íîì, ÿêèé âèêîíóº ðîëü ñâîºð³äíîãî íàñîñó ³
º íàéá³ëüø ïîøèðåíèì efflux (åôôëþêñ)-òðàíñ-
ïîðòåðîì. Â äàíîìó âèïàäêó ðîçãëÿäàºòüñÿ íà-
ëåæí³ñòü ñïîëóêè äî ñóáñòðàò³â/ íåñóáñòðàò³â
Ð-ãë³êîïðîòå¿íó (P-gl/no-P-gl).

Ïðîòå íå äëÿ âñ³õ 614 ñïîëóê ïðèñóòíÿ åê-
ñïåðèìåíòàëüíà ³íôîðìàö³ÿ ùîäî äåÿêèõ ïîêàç-
íèê³â ïðîíèêíîñò³ ÷åðåç ÃÅÁ. Äëÿ ðîçðàõóíêó
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âèùå çàçíà÷åíèõ ïîêàçíèê³â ïðîíèêíåííÿ áóëî
âèêîðèñòàíî åêñïåðòíó ñèñòåìó «AcrossBBB» 1

[10], ùî ñôîðìîâàíà íà îñíîâ³ 2D QSPR ìîäå-
ëåé, ïîáóäîâàíèõ çà äîïîìîãîþ ñèìïëåêñíîãî
ï³äõîäó ïðåäñòàâëåííÿ ìîëåêóëÿðíî¿ ñòðóêòóðè
[11,12] ïðè àíàë³ç³ çâ’ÿçêó «ñòðóêòóðà-âëàñòè-
â³ñòü» äëÿ ïîêàçíèê³â logBB, logPS, logP0

PAMPA-ÃÅÁ,
íàëåæíîñò³ äî ïåâíîãî êëàñó: ÂÂÂ+ àáî ÂÂÂ– ³
ñóáñòðàò Ð-ãë³êîïðîòå¿íó àáî íå ñóáñòðàò.

Âî÷åâèäü, äâà òàêèõ ïðîòèëåæíèõ ôàêòî-
ðà, ÿê ë³ïîô³ëüí³ñòü ìîëåêóë (íåïîëÿðíèé ôàê-
òîð) ³ ðîç÷èíí³ñòü ¿õ ó âîä³ (ïîëÿðíèé ôàêòîð+
âîäíåâ³ çâ’ÿçêè), áóäóòü â çíà÷í³é ñòóïåí³ âèç-
íà÷àòè ïðîíèêíåííÿ ñïîëóê ÷åðåç ÃÅÁ. Äëÿ âñ³õ
614 ìîëåêóë áàçè äàíèõ áóëè âèêîðèñòàí³ ðîç-
ðàõóíêîâ³ çíà÷åííÿ ë³ïîô³ëüíîñò³ (logP) ³ âîä-
íî¿ ðîç÷èííîñò³ (logSw) ç åêñïåðòíî¿ ñèñòåìè
«LipSol»2.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Áåçïîñåðåäíº ïîð³âíÿííÿ åêñïåðèìåíòàëü-

íèõ äàíèõ ùîäî ïàðàìåòð³â ïðîíèêíåííÿ ÷åðåç
ÃÅÁ ïîêàçàëî íàñòóïí³ ðåçóëüòàòè äëÿ òàêèõ ïàð, ÿê:

– logBB–logPS: ê³ëüê³ñòü çàãàëüíèõ ñïîëóê
(NÊ) äîð³âíþº 47, êîåô³ö³ºíò êîðåëÿö³¿ (R) äî-
ð³âíþº 0,65;

– logPS–logP0
PAMPA- ÃÅÁ: NÊ=79, R=0,63,

– äëÿ logBB–logP0
PAMPA- ÃÅÁ: NÊ=39, R=0,46.

Â³äñóòí³ñòü ò³ñíîãî çâ’ÿçêó ì³æ ïàðàìåòðà-
ìè ïðîíèêíåííÿ ÷åðåç ÃÅÁ ñâ³ä÷èòü ïðî äåÿê³
îñîáëèâîñò³ âçàºìîä³¿ ìîëåêóë ç ÃÅÁ, ùî õàðàê-
òåðèçóþòüñÿ êîæíèì ç ðîçãëÿíóòèõ ïàðàìåòð³â.

Äëÿ îòðèìàííÿ á³ëüø «îïóêëî¿» êàðòèíè
äîñë³äæóâàíèõ âçàºìîä³é áóâ âèêîðèñòàíèé óâåñü
îá’ºì ðîçðàõóíêîâî¿ ³íôîðìàö³¿ (äàí³ ùîäî 614
ñïîëóê) ç QSAR ìîäåëåé äëÿ àíàë³çó ð³çíèõ ÷èí-
íèê³â, ùî âèçíà÷àþòü ïðîíèêíåííÿ ìîëåêóë
÷åðåç ÃÅÁ. Ç ðèñ. 1 ÷³òêî âèäíî çàãàëüí³ òåí-
äåíö³¿ çì³íè (ñèìáàòí³ñòü) ïîêàçíèê³â ïðîíèê-
íåííÿ ÃÅÁ ïðè ¿õíüîìó ïàðíîìó ïîð³âíÿíí³.

Íà ðèñ. 2 íàâåäåí³ êîíòóðí³ ä³àãðàìè çà-
ëåæíîñòåé log BB=f(logP, logSw), logPS=f(logP,
logSw), logP0

PAMPA-ÃÅÁ=f(logP, logSw). Â ðåçóëüòàò³
àíàë³çó ðîçïîä³ëó òî÷îê â³äïîâ³äíèõ ìîëåêóë ó
êîîðäèíàòàõ logP– logSw ìîæíà çðîáèòè âèñíî-
âîê, ùî äëÿ ñïîëóê ç âèñîêîþ ïðîíèêàþ÷îþ
çäàòí³ñòþ ñï³ââ³äíîøåííÿ ì³æ ë³ïîô³ëüí³ñòþ ³
âîäíîþ ðîç÷èíí³ñòþ ïîâèíí³ áóòè ïðèáëèçíî
òàê³: 3logP6; –5logSw–1.

Ñïîëóêè ç ìàêñèìàëüíîþ ïðîíèêàþ÷îþ
çäàòí³ñòþ ÷åðåç ÃÅÁ ìàþòü logP5; logSw–5.

1 ²íôîðìàö³ÿ ùîäî âèá³ðêè äîñë³äæóâàíèõ ñïîëóê ³ åêñïåðòíî¿ ñèñòåìè äëÿ ðîçðàõóíêó ïàðàìåòð³â ïðîíèêíåííÿ ÷åðåç ÃÅÁ

äîñòóïíà çà ïîñèëàííÿì http://surl.li/gonzt.
2 LipSol  äîñòóïíà çà ïîñèëàííÿì http://surl.li/gooaj.

â

Ðèñ. 1. Ñï³ââ³äíîøåííÿ ð³çíèõ ïîêàçíèê³â ïðîíèêíåííÿ

ñïîëóê ÷åðåç ÃÅÁ: à – logBB–LogPS;

 á – logPS–LogP0
PAMPA-ÃÅÁ; â – logBB–LogP0

PAMPA- ÃÅÁ

à

á

logP0
PAMPA-BBB

logP0
PAMPA-BBB

logPS

logPS

logBB

logBB
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Íàïðèêëàä, íàñòóïí³ ñïîëóêè [10]:

N

N

S

S
CH3

H3C

Thioridazine (logP=5,47; logSw=–4,76)

H
N

H3C

Cl
Cl

Sertaline (logP=5,04; logSw=–4,83)

S

N

CH3

CH3

H

Cl

Chlorprothixene (logP=5,02; logSw=–4,63)

Ö³êàâî â³äçíà÷èòè, ùî íà ä³àãðàìàõ ÷àñòè-
íà ä³ëÿíîê ç ìàêñèìàëüíîþ ïðîíèêàþ÷îþ çäàò-
í³ñòþ ÷åðåç ÃÅÁ ÿâíî íå äîñÿæíà. Íàïðèêëàä,
íå ³ñíóº ñïîëóêè ç logSw=1 ³ logP=5, äëÿ ÿêî¿
ïîêàçíèê ïðîíèêíåííÿ áóâ áè ìàêñèìàëüíèé
(ðèñ. 2,â). Çðîçóì³ëî, ùî ðå÷îâèíè âèñîêîë³-
ïîô³ëüí³ ³ îäíî÷àñíî äîáðå ðîç÷èíí³ ó âîä³ ³ñíó-
âàòè íå ìîæóòü.

Äëÿ àíàë³çó ñï³ââ³äíîøåíü ì³æ ïîêàçíèêà-
ìè ïðîíèêíåííÿ ÃÅÁ ³ õàðàêòåðèñòèêàìè ë³ïî-
ô³ëüíîñò³ ³ âîäíî¿ ðîç÷èííîñò³ áóëè ðîçðàõîâàí³
çíà÷åííÿ «â³äñòàíåé», ùî â³äîáðàæóþòü
ïîä³áí³ñòü/â³äì³íí³ñòü çàçíà÷åíèõ ïàðàìåòð³â ó
ïðîñòîð³ ìîëåêóëÿðíèõ ñòðóêòóð. Ïîêàçíèêîì

â

Ðèñ. 2. Êîíòóðí³ ä³àãðàìè çàëåæíîñòåé ïàðàìåòð³â ïðîíèê-

íåííÿ ÷åðåç ÃÅÁ â³ä ë³ïîô³ëüíîñò³ ³ ðîç÷èííîñò³ ó âîä³

(÷èì òåìí³øå ä³ëÿíêà íà ä³àãðàì³, òèì á³ëüøå ïðîíèêàþ÷à

çäàòí³ñòü ðå÷îâèíè)

à

á

logP

logP

logP

lo
gS

w
lo

gS
w

lo
gS

w

logP0
PAMPA-BBB=f(logP, logSw)

logPS=f(logP, logSw)

logBB=f(logP, logSw)
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â³äì³ííîñò³ («â³äñòàíü») º âåëè÷èíà dxy=1–rxy, äå
rxy – êîåô³ö³ºíò ïàðíî¿ êîðåëÿö³¿. ßêùî äâ³ õà-
ðàêòåðèñòèêè x ³ y åêâ³âàëåíòí³, òî rxy=1, à dxy=0,
ÿêùî âîíè ìàêñèìàëüíî â³äð³çíÿþòüñÿ, òî rxy=–1,
à dxy=2 (òàáëèöÿ).

Àíàë³ç â³äñòàíåé dxy ïîêàçàâ, ùî â³äì³ííîñò³
ì³æ óñ³ìà òðüîìà ïîêàçíèêàìè ïðîíèêíåííÿ
ðå÷îâèí ÷åðåç ÃÅÁ ïðèáëèçíî îäíàêîâ³:
dxy=0,26–0,32. Ë³ïîô³ëüí³ñòü, â ñåðåäíüîìó,
á³ëüøå âïëèâàº íà ö³ ïîêàçíèêè, í³æ ðîç÷èíí³ñòü
â âîä³, îñîáëèâî ó âèïàäêó ÐÀÌÐÀ.

Â äàí³é ðîáîò³ òàêîæ ê³ëüê³ñíî îö³íåíî çà-
ãàëüí³ òåíäåíö³¿ êëàñèô³êàö³¿ 614 ìîëåêóë áàçè
äàíèõ çà êëàñàìè ÂÂÂ+/ÂÂÂ– ³ P-gl/no-P-gl.
Ðîçðàõîâàíî çíàêîâèé êîåô³ö³ºíò àñîö³àö³¿ (ÊÀ)
[13], ÿêèé äîð³âíþº –0,35, ùî ï³äêðåñëþº àíò³-
áàòíèé õàðàêòåð çâ’ÿçêó äàíèõ äâîõ êëàñèô³êàö³é.
Öå ñâ³ä÷èòü ïðî òå, ùî ðå÷îâèíè, ÿê³ º ñóáñòðà-

òàìè Ð-ãë³êîïðîòå¿íó, íå ìîæóòü äàë³ ïðèéìàòè
ó÷àñòü ó ïðîöåñàõ ìîçêó, îñê³ëüêè âèøòîâõóþòü-
ñÿ íàçàä ó êðîâ. Äàíèé ôàêò âèêîíóºòüñÿ ó 92%
âèïàäê³â (8% – öå ïîìèëêà ïðîãíîçó). Íåâåëè-
êà àáñîëþòíà âåëè÷èíà ÊÀ òàêîæ çðîçóì³ëà: áåç-
ïîñåðåäíüî çâ’ÿçàí³ ò³ëüêè êëàñè: 1(+) – ñóá-
ñòðàòè Ð-ãë³êîïðîòå¿íó ³ 0(–) ðå÷îâèíè, ùî íå
ïðîíèêàþòü ÷åðåç ÃÅÁ. Äëÿ ³íøèõ âèïàäê³â
ñï³ââ³äíîøåííÿ êëàñ³â ìîæå áóòè äîâ³ëüíèì.

Âî÷åâèäü, ùî ðåçóëüòàòè ïðîãíîçó ïàðà-
ìåòð³â log BB ³ íàëåæíîñò³ äî ïåâíîãî êëàñó
BBB+/– ïîâèíí³ áóòè óçãîäæåí³. Äëÿ ïåðåâ³ðêè
äàíîãî ôàêòó ðîçðàõîâàíî êîåô³ö³ºíò ïîëóçíà-
êîâî¿ êîðåëÿö³¿ Rss [13], ùî îö³íþº óçãîäæåí³ñòü
äàíèõ, ÿê³ ïðåäñòàâëåí³ ó ð³çíèõ øêàëàõ – áåç-
ïåðåðâíî¿ ³ êëàñèô³êàö³éíî¿. Ðåçóëüòàòè ïðîãíîçó
log BB ³ BBB+/– äëÿ 614 ñïîëóê áàçè âèÿâèëèñÿ
ö³ëêîì óçãîäæåí³: Rss=0,93.

y 
x 

logSw logP logBB logPS logP0
PAMPA–ГЕБ 

logSw 0 1,80 1,17 1,27 1,33 

logSw 0 1,80 1,17 1,27 1,33 

logP 1,80 0 0,51 0,42 0,33 

logBB 1,17 0,51 0 0,32 0,29 

logPS 1,27 0,42 0,32 0 0,26 

logP0
PAMPA–ГЕБ 1,33 0,33 0,29 0,26 0 

 

Çíà÷åííÿ â³äñòàíåé dxy ïðè ïîð³âíÿíí³ ïîêàçíèê³â ïðîíèêíåííÿ ÷åðåç ÃÅÁ, ë³ïîô³ëüíîñò³ ³ âîäíî¿ ðîç÷èííîñò³

Ðèñ. 3. Ñï³ââ³äíîøåííÿ ìîëåêóë ì³æ êëàñàìè: BBB+ ³ BBB–; P-gl (ñóáñòðàò) ³ no-P-gl (íå ñóáñòðàò)

ó êîîðäèíàòàõ logSw, logP

logP

logSw
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Òàêîæ áóëî îö³íåíî âïëèâ ë³ïîô³ëüí³ñò³
logP ³ âîäíî¿ ðîç÷èííîñò³ logSw íà ðåçóëüòàòè
êëàñèô³êàö³¿. Íà ðèñ. 3 íàâåäåíî ä³àãðàìó
ñï³ââ³äíîøåííÿ 614 ñïîëóê ó êîîðäèíàòàõ logP ³
logSw.

Íà ä³àãðàì³ ïðèâåäåíî ë³í³¿ ç â³äïîâ³äíèìè
¿ì ð³âíÿííÿìè, ÿê³ â³äîáðàæóþòü êîðäîíè ì³æ
êëàñàìè: B1 ùîäî BBB+ ³ BBB–, B2 ùîäî P-gl
(ñóáñòðàò) ³ no-P-gl (íå ñóáñòðàò). ßê âèäíî ç
ðèñ. 3, ñïîëóêè, ÿê³ ïðîíèêàþòü ÷åðåç ÃÅÁ (êëàñ
BBB+), ãîëîâíèì ÷èíîì, çíàõîäÿòüñÿ íà ä³ëÿíö³:
2logP6; –5logSw–1, ùî â³äïîâ³äàº àíàëîã³-
÷íèì ðåçóëüòàòàì äëÿ logBB. Ñóáñòðàòè Ð-ãë³êîï-
ðîòå¿íó çíàõîäÿòüñÿ íà ä³ëÿíö³ 0logP5;
–6logSw–2.

Âñåðåäèí³ íèæíüî¿ ä³ëÿíêè ïåðåòèíó ïðÿ-
ìèõ ë³í³é B1 ³ B2 çíàõîäèòüñÿ íåâåëèêà ê³ëüê³ñòü
ìîëåêóë (8% â³ä óñ³º¿ áàçè äàíèõ), ùî ïîìèëêî-
âî êëàñèô³êîâàíî ³ ÿê BBB+, ³ ÿê ñóáñòðàòè
Ð-ãë³êîïðîòå¿íó.

Âèñíîâêè
Â ðåçóëüòàò³ ç³ñòàâëåííÿ äâîõ ïðîòèëåæíèõ

ôàêòîð³â, ùî âïëèâàþòü íà ïðîíèêíåííÿ ÷åðåç
ãåìàòîåíöåôàë³÷íèé áàð’ºð – ë³ïîô³ëüíîñò³ ìî-
ëåêóë òà ¿õ âîäíî¿ ðîç÷èííîñò³ çà ïîêàçíèêàìè
logBB, logPS, log P0

PAMPA-ÃÅÁ, âäàëîñÿ âèçíà÷èòè,
ùî äëÿ ñïîëóê ç âèñîêîþ ïðîíèêàþ÷îþ çäàòí³-
ñòþ ñï³ââ³äíîøåííÿ ì³æ ë³ïîô³ëüí³ñòþ ³ âîäíîþ
ðîç÷èíí³ñòþ ïîâèíí³ áóòè ïðèáëèçíî òàê³:
3logP6; –5logSw–1. Ïîêàçàíî, ùî ðåçóëüòà-
òè ïðîãíîçó ïàðàìåòð³â logBB ³ êëàñèô³êàö³¿
BBB+/– óçãîäæåí³, ùî ï³äòâåðäæåíî çíà÷åííÿì
êîåô³ö³ºíòà íàï³âçíàêîâî¿ êîðåëÿö³¿ Rss äëÿ
îö³íþâàííÿ óçãîäæåíîñò³ äàíèõ, ÿê³ ïðåäñòàâ-
ëåí³ ó ð³çíèõ øêàëàõ – áåçïåðåðâíî¿ ³ êëàñèô³-
êàö³éíî¿ (Rss=0,93). Ïðè ç³ñòàâëåíí³ ðåçóëüòàò³â
êëàñèô³êàö³éíèõ ìîäåëåé ÂÂÂ+/– òà Ð-ãë³êî-
ïðîòå¿íó, âî÷åâèäü, ùî âñ³ ñóáñòðàòè äëÿ Ð-ãë³êî-
ïðîòå¿íó ïîâèíí³ â³äíîñèòèñÿ äî êëàñó ÂÂÂ– ç
òî÷êè çîðó ïðîíèêíåííÿ ÃÅÁ. Çà ðåçóëüòàòàìè
ïðîãíîçó çà âñåþ âèá³ðêîþ ç 614 ìîëåêóë ò³ëüêè
8% íå â³äïîâ³äàþòü ö³é óìîâ³, ùî ï³äòâåðäæóº
âèñîêó ïðîãíîçóþ÷ó çäàòí³ñòü êëàñèô³êàö³éíèõ
ìîäåëåé.

Òàêèì ÷èíîì, ³íôîðìàö³ÿ ùîäî ðîç÷èí-
íîñò³ ñïîëóê ó âîä³ òà ¿õ ë³ïîô³ëüíîñò³ ìîæå âè-
êîðèñòîâóâàòèñÿ äëÿ ïîïåðåäíüî¿, ïðèáëèçíî¿
îö³íêè ïðîíèêíåííÿ ðå÷îâèí ÷åðåç ãåìàòîåí-
öåôàë³÷íèé áàð’ºð.
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The analysis of the relative role of polar and non-polar
factors of the molecular structure on the penetration of substances
through the blood–brain barrier (BBB) was carried out. Such
analysis will allow a preliminary approximate assessment of the
ability of substances to cross the blood–brain barrier. Using
previously developed computer expert systems on the basis of
QSAR/QSPR models in the framework of simplex approach, the
water solubility logSw (polar factor model), the lipophilicity logP
(nonpolar factor model), and the characteristics of penetration
through the blood–brain barrier (logBB, logPS, logP0

PAMPA–BBB)
were calculated for a set of 614 different organic compounds. It
was determined whether substances belong to classes BBB+ or
BBB– and whether these substances are substrates of
P-glycoprotein (P-gl) or not (no-P-gl). Analysis of the distribution
of the points of the investigated molecules in the logP vs. logSw
coordinates revealed that lipophilicity and water solubility for
the compounds with high penetrating ability should be
approximately in following ranges: 3log P6; and –5logSw–1.
For the data, which are presented in different scales, continuous
scale and classification scale, a half-sign correlation coefficient
Rss was calculated. Rss equals 0.93, that confirms the consistency
of the results of the prognosis of log BB parameters and
classification BBB+/BBB–. The general trends in the classification
of the investigated compounds according to the BBB+/BBB–
and P-gl/no-P-gl classes were quantitatively estimated. The sign
coefficient of association, which equals –0.35, emphasizes the
antibatic nature of the relationship between the data of the two
classifications.

Keywords: blood–brain barrier; molecule structure;
ÐÀÌÐÀ; lipophilicity; solubility.
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