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Ïðåäñòàâëåíû ðåçóëüòàòû ïî ÊÑÑÀ ìîäåëèðîâàíèþ âçàèìîñâÿçè ñòðóêòóðû îðãàíè÷å-

ñêèõ ñîåäèíåíèé è èõ ñïîñîáíîñòè ïðîíèêàòü ÷åðåç ãåìàòîýíöåôàëè÷åñêèé áàðüåð. Èñ-

ïîëüçîâàíû ëèòåðàòóðíûå äàííûå ýêñïåðèìåíòàëüíûõ çíà÷åíèé logBB äëÿ ÷åëîâåêà (35

ñîåäèíåíèé) è êðûñû (42 ñîåäèíåíèÿ), èñïûòàííûå in vitro. Â ðàáîòå ïðèâëå÷åíû äåñê-

ðèïòîðû, ðàññ÷èòàííûå ñ ïîìîùüþ ïðîãðàììû HYBOT, à òàêæå ýêñïåðèìåíòàëüíûå

çíà÷åíèÿ êîýôôèöèåíòîâ ðàñïðåäåëåíèÿ õèìè÷åñêèõ ñîåäèíåíèé. Ïîêàçàíî ñóùåñòâåí-

íîå âëèÿíèå Í-ñâÿçàííîé àêöåïòîðíîé ñïîñîáíîñòè ìîëåêóë, ïîíèæàþùèõ ïðîíèöàå-

ìîñòü, à òàêæå ìîëåêóëÿðíîé ïîëÿðèçóåìîñòè è ñóììû îòðèöàòåëüíûõ çàðÿäîâ, ïîâû-

øàþùèõ ýòó ñïîñîáíîñòü äëÿ ìîíîôóíêöèîíàëüíûõ õèìè÷åñêèõ ñîåäèíåíèé.

Êëþ÷åâûå ñëîâà: ãåìàòîýíöåôàëè÷åñêèé áàðüåð, âîäîðîäíàÿ ñâÿçü, ôèçèêî-õèìè÷åñêèå

äåñêðèïòîðû, HYBOT, logBB.

Äëÿ óñïåøíîé òåðàïèè ðÿäà øèðîêî ðàñïðîñòðà-

íåííûõ çàáîëåâàíèé öåíòðàëüíîé íåðâíîé ñèñòåìû

(áîëåçíü Àëüöãåéìåðà, èíñóëüòû, îïóõîëè ìîçãà è äð.)

íåîáõîäèì áûñòðûé è ëåãêèé äîñòóï ëåêàðñòâåííûõ

ïðåïàðàòîâ èç êðîâè â ìîçã ïóòåì ïðåîäîëåíèÿ ãåìàòî-

ýíöåôàëè÷åñêîãî áàðüåðà (ÃÝÁ), ÷òî ÿâëÿåòñÿ ñëîæíîé

ïðîáëåìîé.

Ãåìàòîýíöåôàëè÷åñêèé áàðüåð âûïîëíÿåò ôóíêöèþ

ôèëüòðà, ÷åðåç êîòîðûé èç êðîâåíîñíîãî ðóñëà â ìîçã

ïîñòóïàþò ïèòàòåëüíûå âåùåñòâà, à â îáðàòíîì íà-

ïðàâëåíèè âûâîäÿòñÿ ïðîäóêòû æèçíåäåÿòåëüíîñòè

íåðâíîé òêàíè. ÃÝÁ îáåñïå÷èâàåò çàùèòó íåðâíîé òêà-

íè îò öèðêóëèðóþùèõ â êðîâè ìèêðîîðãàíèçìîâ, òîê-

ñèíîâ, êëåòî÷íûõ è ãóìîðàëüíûõ ôàêòîðîâ èììóííîé

ñèñòåìû. Ïðè ýòîì ÃÝÁ ïðåïÿòñòâóåò ïðîíèêíîâåíèþ

â ìîçã è âåùåñòâ, ââîäèìûõ â îðãàíèçì â êà÷åñòâå ëå-

êàðñòâà [1].

Õèìè÷åñêèå ñîåäèíåíèÿ ïðîíèêàþò â ìîçã ëèáî ïó-

òåì ïàññèâíîé äèôôóçèè çà ñ÷åò ñïåöèàëüíûõ òðàíñ-

ïîðòíûõ ñèñòåì è ÷åðåç êàíàëû êëåòî÷íîé ìåìáðàíû.

[2]. Ïðè ïàññèâíîì òðàíñïîðòå äëÿ äèôôóçèè âåùåñòâ

äâèæóùåé ñèëîé ÿâëÿåòñÿ ðàçíèöà êîíöåíòðàöèé.

Äèôôóçèÿ ïðîïîðöèîíàëüíà ãðàäèåíòó êîíöåíòðàöèé

â êðîâåíîñíîì ðóñëå è òêàíè ìîçãà è íå òðåáóåò çàòðàò

ýíåðãèè [3].

Òàêèì îáðàçîì, ñ îäíîé ñòîðîíû, ëåêàðñòâåííûå

ïðåïàðàòû, äåéñòâóþùèå íà ìèøåíè â ÖÍÑ, äîëæíû

ïðîõîäèòü ÷åðåç ÃÝÁ äëÿ îñóùåñòâëåíèÿ èõ òåðàïåâ-

òè÷åñêîãî äåéñòâèÿ. Ñ äðóãîé ñòîðîíû, ëåêàðñòâåííûå

ïðåïàðàòû, íå ïðåäíàçíà÷åííûå äëÿ äåéñòâèÿ â ÖÍÑ,

ïðè ïðîõîæäåíèè ÷åðåç ÃÝÁ áóäóò âûçûâàòü íåæåëà-

òåëüíûå ïîáî÷íûå ýôôåêòû [4, 5].

Â íàñòîÿùåå âðåìÿ ñòàëî î÷åâèäíûì, ÷òî íå ñóùå-

ñòâóåò “÷èñòûõ” âåùåñòâ, ïðîõîäÿùèõ â ìîçã òîëüêî çà

ñ÷åò ïàññèâíîãî òðàíñïîðòà. Âñå îíè â òîé èëè èíîé

ñòåïåíè âûáðàñûâàþòñÿ îáðàòíî â êðîâü çà ñ÷åò âçàè-

ìîäåéñòâèÿ ñ òðàíñïîðòåðîì Ð-ãëèêîïðîòåèíîì (P-gp).

Óêàçàííûé ïðîöåññ íîñèò ñòåðåîñïåöèôè÷åñêèé õà-

ðàêòåð ñ âîâëå÷åíèåì íåñêîëüêèõ àêòèâíûõ öåíòðîâ

áåëêà è äåéñòâóþùåãî âåùåñòâà.

Â ñâÿçè ñ óêàçàííîé âàæíîñòüþ ïðîöåññà ïðîíèê-

íîâåíèÿ ëåêàðñòâ ÷åðåç ÃÝÁ çà ïîñëåäíèå 20 ëåò áûë

ïðîâåäåí öåëûé ðÿä èññëåäîâàíèé ïî óñòàíîâëåíèþ

âçàèìîñâÿçè ìåæäó ñòðóêòóðîé îðãàíè÷åñêèõ ñîåäè-

íåíèé è èõ ñïîñîáíîñòüþ ïðîíèêàòü ÷åðåç ÃÝÁ. Îñ-

íîâíîå âíèìàíèå óäåëÿëîñü ñîåäèíåíèÿì ñ ïðåèìóùå-

ñòâåííûì ïàññèâíûì ìåõàíèçìîì òðàíñïîðòà. Çäåñü

ìîæíî óïîìÿíóòü îá îöåíêå ïðîíèöàåìîñòè Caco-2

[6], êëàññèôèêàöèè äåéñòâèÿ ñîåäèíåíèé íà ñèñòåìó

ÖÍÑ [7, 8], à òàêæå ïðîíèöàåìîñòè ÷åðåç ÃÝÁ [9, 10].

Â óêàçàííûõ è äðóãèõ ïóáëèêàöèÿõ èñïîëüçîâàëñÿ öå-

ëûé íàáîð ðàçëè÷íûõ äåñêðèïòîðîâ, çíà÷èìîñòü è

âëèÿíèå ýòèõ äåñêðèïòîðîâ íà ïðîöåññ òðàíñïîðòà âå-

ùåñòâ â îðãàíèçìå ïðîäîëæàåò îñòàâàòüñÿ ïðåäìåòîì

îæèâëåííûõ äèñêóññèé. Ñëàáûì ìåñòîì ïîëó÷åííûõ

â óêàçàííûõ ðàáîòàõ ÊÑÑÀ ìîäåëåé ÿâëÿåòñÿ ïðîèç-

âîëüíîå îòíåñåíèå ñîåäèíåíèé ê âåùåñòâàì, êîòîðûå

ïðîÿâëÿþò “÷èñòóþ” ïàññèâíóþ äèôôóçèþ.

Íàñòîÿùåå ñîîáùåíèå ïîñâÿùåíî âûÿâëåíèþ êîëè-

÷åñòâåííîé âçàèìîñâÿçè ìåæäó õèìè÷åñêèìè ñâîéñò-
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Ò à á ë è ö à 1

Äåñêðèïòîðû HYBOT, ýêñïåðèìåíòàëüíûå çíà÷åíèÿ êîýôôèöèåíòîâ ðàñïðåäåëåíèÿ logKo/w, logKhd/w, ðàññ÷èòàííûå çíà÷åíèÿ

MlogP, ýêñïåðèìåíòàëüíûå çíà÷åíèÿ logBB äëÿ êðûñû è ÷åëîâåêà íà óðîâíå in vitro è in vivo, âçÿòûå èç [11, 12]

Íàçâàíèå � �Q
–

�C
a

�C
d

�C
ad

logK
o/w

logK
hd/w

MlogP logBB
(RAT)

logBB
(HUMAN)

in vitro

1 Hexane 11,784 – 0,44 0 0 0 4,00 – 4,49 3,52 0,68 0,78

2 Heptane 13,619 – 0,51 0 0 0 4,50 – 5,14 3,87 0,44 0,71

3 Nonane 17,289 – 0,65 0 0 0 – – 4,52 0,52 –

4 Decane 19,124 – 0,72 0 0 0 – – 4,82 0,67 –

5 2-Methyl heptane 15,454 – 0,58 0 0 0 – – 4,20 0,86 –

6 2-Methyl octane 17,289 – 0,65 0 0 0 – – 4,52 0,98 –

7 2-Methyl nonane 19,124 – 0,72 0 0 0 – – 4,82 1,05 –

8 Cyclohexane 11,01 – 0,41 0 0 0 3,44 – 3,91 3,12 1,11 0,87

9 Methylcyclohexane 12,845 – 0,48 0 0 0 – – 3,48 0,96 –

10 1,2-Dimethylcyclohexane 14,68 – 0,55 0 0 0 – – 3,81 1,07 –

11 t-Butylcyclohexane 18,35 – 0,7 0 0 0 – – 4,43 0,61 –

12 1,2,4-Trimethylcyclohexane 16,515 – 0,63 0 0 0 – – 4,13 1,02 –

13 1,1-dichloroethane 8,3 – 0,14 0,31 0 0,31 – – 1,82 – 0,28 –

14 1,2-dichloroethane 8,3 – 0,15 0,78 0 0,78 – – 1,82 – 0,14 –

15 1,1,2-trichloroethane 10,228 – 0,15 0,68 0 0,68 – – 2,23 – 0,10 –

16 1,1,1,2-tetrachloroethane 12,156 – 0,14 0,55 0 0,55 – – 2,60 0,33 –

17 1-Chloro-2,2,2-trifluroethane 6,099 – 0,57 0,45 0 0,45 – – 2,03 0,12 0,08

18 trans 1,2-dichloroethene 8,108 – 0,08 0,4 0 0,4 – – 1,67 0,04 –

19 cis 1,2-dichloroethene 8,108 – 0,08 0,4 0 0,4 – – 1,67 – 0,13 –

20 tetrachloroethylene 11,964 – 0,04 0,23 0 0,23 – – 2,46 0,37 –

21 1-Octene 15,262 – 0,52 0,2 0 0,2 – – 3,15 0,74 –

22 1-Nonene 17,097 – 0,59 0,2 0 0,2 – – 4,37 0,86 –

23 1-Decene 18,932 – 0,66 0,2 0 0,2 – – 4,68 0,96 –

24 Trichloroethene 10,036 – 0,08 0,22 0 0,22 2,53 – 2,68 2,08 0,11 0,39

25 Methanol 3,246 – 0,25 1,63 – 1,5 3,13 – 0,74 2,77 – 0,81 0,02 – 0,13

26 Ethanol 5,081 – 0,32 1,66 – 1,42 3,08 – – – 0,17 – 0,12 –

27 1-Propanol 6,916 – 0,39 1,61 – 1,27 2,88 – – 0,35 – 0,08 –

28 t-butanol 8,751 – 0,46 1,6 – 1,28 2,88 0,35 1,32 0,80 0,11 – 0,29

29 2-Methyl-2-butanol

(tertiary-amylalcohol)

10,586 – 0,54 1,63 – 1,87 3,5 – – 1,21 0,07 –

30 Ethyl t-butyl ether 12,421 – 0,59 1,58 0 1,58 – – 1,59 0,22 –

31 Methyl t-butyl ether 10,586 – 0,52 1,58 0 1,58 – – 1,21 0,36 –

32 tertiary-Amyl methyl ether 12,421 – 0,59 1,45 0 1,45 – – 1,59 0,17 –

33 Ethylene Oxide 4,307 – 0,25 1,45 0 1,45 – – – 0,56 0,01 –

34 2-pentanone 10,103 – 0,45 1,9 0 1,9 – – 1,06 – 0,01 –

35 Methyl acetate 6,707 – 0,54 1,65 0 1,65 – – 0,13 – 0,13 –

36 Ethyl acetate 8,542 – 0,61 1,69 0 1,69 – – 0,59 0,00 –

37 Propyl acetate 10,377 – 0,68 1,65 0 1,65 – – 0,99 0,12 –

38 Butyl acetate 12,212 – 0,75 1,62 0 1,62 – – 1,37 0,28 –

39 Pentyl acetate 14,047 – 0,83 1,62 0 1,62 – – 1,73 0,40 –

40 Isopropyl acetate 10,377 – 0,68 1,57 0 1,57 – – 0,99 0,40 –

41 t-Butylbenzene 17,774 – 0,47 0,62 0 0,62 – – 3,56 0,43 –

42 1,2,4-Trimethylbenzene

(Pseudocumene)

15,939 – 0,39 0,6 0 0,6 – – 3,25 0,16 –

1 Pentane 9,949 – 0,36 0 0 0 3,45 – 3,87 3,14 – 0,76

2 Hexane 11,784 – 0,44 0 0 0 4,00 – 4,49 3,52 – 0,78

3 Heptane 13,619 – 0,51 0 0 0 4,50 – 5,14 3,87 – 0,71

4 2,2-Dimethylbutane 11,784 – 0,44 0 0 0 3,82 – 4,19 3,52 – 1,04

5 2-Methylpentane 11,784 – 0,44 0 0 0 4,16 – 4,34 3,52 – 0,97

6 3-Methylpentane 11,784 – 0,44 0 0 0 3,60 – 4,42 3,52 – 1,01

7 3-Methylhexane 13,619 – 0,51 0 0 0 – – 5,03 3,87 – 0,90

8 Cyclopropane 5,505 – 0,18 0 0 0 1,72 – 1,86 1,88 – 0,41

9 Cyclohexane 11,01 – 0,41 0 0 0 3,44 – 3,91 3,12 – 0,87

10 Methylcyclopentane 11,01 – 0,41 0 0 0 3,37 – 3,99 3,12 – 0,93

11 Benzene 10,434 – 0,21 0 0,64 0,64 2,13 – 2,15 2,25 – 0,39

12 Toluene (methylbenzene) 12,269 – 0,27 0 0,51 0,51 2,73 – 2,68 2,61 – 0,38

13 Dichloromethane 6,465 – 0,08 0 0,3 0,3 1,25 – 1,06 1,36 – – 0,13

14 Chloroform

(trichloromethane)

8,393 – 0,09 0 0,24 0,24 1,97 – 1,69 1,82 – 0,34

15 1,1,1-Trichloroethane 10,228 – 0,15 0 0,21 0,21 2,49 – 2,59 2,23 – 0,39



âàìè è äåñêðèïòîðàìè ñîåäèíåíèé, êîòîðûå ñîäåðæàò

íå áîëåå 1 àêòèâíîãî öåíòðà (ôóíêöèîíàëüíîé õèìè-

÷åñêîé ãðóïïû ñ ñèëüíûì äîíîðíûì èëè àêöåïòîðíûì

öåíòðîì). Ìîæíî ïîëàãàòü, ÷òî òàêèå ñîåäèíåíèÿ îá-

ðàçóþò ñëàáûå îäíîöåíòðîâûå êîìïëåêñû ñ P-gp, è

òåì ñàìûì ïðåîáëàäàíèå ïðîöåññà ïàññèâíîãî òðàíñ-

ïîðòà òàêèõ ñîåäèíåíèé äîëæíî áûòü ñóùåñòâåííî

áîëüøå ïî ñðàâíåíèþ ñ òðàíñïîðòîì èç ìîçãà â êðîâü

çà ñ÷åò ñïåöèôè÷åñêîãî âçàèìîäåéñòâèÿ ñ P-gp.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èç ìíîãî÷èñëåííûõ ïóáëèêàöèé, ñîäåðæàùèõ äàí-

íûå ïî ïðîíèöàåìîñòè âåùåñòâ èç êðîâè â ìîçã, áûëè

îòîáðàíû ïðÿìûå ýêñïåðèìåíòàëüíûå çíà÷åíèÿ ïî

îöåíêå ñîîòíîøåíèÿ êîíöåíòðàöèè âåùåñòâ â òêàíè

ìîçãà è êðîâè (logBB) äëÿ ñîåäèíåíèé, èìåþùèõ íå

áîëåå 1 ñèëüíîãî àêòèâíîãî öåíòðà. Òàêèå äàííûå ñî-

äåðæàëèñü â ïóáëèêàöèÿõ [11, 12]. Â ïåðâîì ñëó÷àå

ýòî áûëè çíà÷åíèÿ logBB äëÿ 35 ñîåäèíåíèé, èñïûòàí-

íûõ íà óðîâíå in vitro äëÿ òêàíåé îðãàíèçìà ÷åëîâåêà

(logBB
(HUMAN)

in vitro), à âî âòîðîì – 42 çíà÷åíèÿ

logBB òàêæå íà óðîâíå in vitro äëÿ êðûñû (logBB
(RAT)

in vitro). Ýòè äàííûå ïðåäñòàâëåíû â òàáë. 1.

Â êà÷åñòâå ôèçèêî-õèìè÷åñêèõ äåñêðèïòîðîâ èñ-

ïîëüçîâàëè ýêñïåðèìåíòàëüíûå çíà÷åíèÿ êîýôôèöè-

åíòîâ ðàñïðåäåëåíèÿ õèìè÷åñêèõ ñîåäèíåíèé â ñèñòå-

ìå îêòàíîë – âîäà (logK
o/w

), çíà÷åíèÿ êîýôôèöèåíòîâ

ðàñïðåäåëåíèÿ, ðàññ÷èòàííûå ïðîãðàììîé (MlogP),

ýêñïåðèìåíòàëüíûå çíà÷åíèÿ êîýôôèöèåíòîâ ðàñïðå-

äåëåíèÿ â ñèñòåìå ãåêñàäåêàí – âîäà (logK
hd/w

), à òàêæå

ôèçèêî-õèìè÷åñêèå äåñêðèïòîðû, ñâÿçàííûå ñ îñíîâ-

íûìè òèïàìè ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé, ðàñ-

ñ÷èòàííûå ïðîãðàììîé HYBOT [13], à èìåííî: ìîëå-

êóëÿðíàÿ ïîëÿðèçóåìîñòü (�), ñóììà îòðèöàòåëüíûõ

àòîìíûõ çàðÿäîâ â ìîëåêóëå (�Q–

), ñóììà âîäîðîäíî-

ñâÿçàííûõ àêöåïòîðíûõ ôàêòîðîâ â ìîëåêóëå (�C
a

) è

ñóììà âîäîðîäíîñâÿçàííûõ äîíîðíûõ ôàêòîðîâ

(�C
d
), à òàêæå ñóììà äîíîðíûõ è àêöåïòîðíûõ ôàêòî-

ðîâ â ìîëåêóëå (�C
ad

). Çíà÷åíèÿ äåñêðèïòîðîâ HYBOT

òàêæå ïðèâåäåíû â òàáë. 1.

Ðåçóëüòàòû è èõ îáñóæäåíèå

ÊÑÑÀ ìîäåëè ïðîíèöàåìîñòè ÷åðåç ÃÝÁ äëÿ

logBB(HUMAN) in vitro

Â òàáë. 2 ïðèâåäåíà êîððåëÿöèîííàÿ ìàòðèöà ïàðà-

ìåòðîâ, ñâÿçàííûõ êàê ñî ñâîéñòâîì logBB
(HUMAN)

in

vitro, òàê è äåñêðèïòîðàìè, èñïîëüçîâàííûìè â äàííîé

ðàáîòå.

Ìîæíî ñðàçó îòìåòèòü, ÷òî äëÿ ðàññìàòðèâàåìîãî

ðÿäà ñîåäèíåíèé ñóùåñòâóþò âåñüìà õîðîøèå êîððå-

ëÿöèè logBB
(HUMAN)

ñ logK
o/w

, logK
hd/w

è MlogP. Ýòî îç-

íà÷àåò, ÷òî â ïðåäåëàõ ðàññìàòðèâàåìîãî ðÿäà ñîåäè-

íåíèé ïðîíèöàåìîñòü ÷åðåç ÃÝÁ äëÿ ÷åëîâåêà ïðè

èñïûòàíèÿõ in vitro îïðåäåëÿåòñÿ â îñíîâíîì ëèïî-

ôèëüíîñòüþ ñîåäèíåíèé. Ýòà çàâèñèìîñòü ïîëíî îïè-

ñûâàåòñÿ ñëåäóþùèìè óðàâíåíèÿìè:
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Íàçâàíèå � �Q
–

�C
a

�C
d

�C
ad

logK
o/w

logK
hd/w

MlogP logBB
(RAT)

logBB
(HUMAN)

16 Trichloroethylene 10,036 – 0,08 0 0,52 0,52 2,53 – 2,68 2,08 – 0,39

17 1,1,1-Trifluoro-2-chloroethane 6,099 – 0,57 0 0,45 0,45 – – 2,03 – 0,08

18 Halothane 8,725 – 0,56 0 0,42 0,42 2,30 – 2,10 2,60 – 0,35

19 Teflurane 6,706 – 0,74 0 0,38 0,38 2,01 – 1,75 2,42 – 0,27

20 Diethyl ether 8,751 – 0,45 0 1,54 1,54 0,89 – 0,85 0,80 – 0,01

21 Divinyl ether 8,004 – 0,44 0 1,38 1,38 0,96 – 0,55 – 0,13

22 Isoflurane 8,389 – 1,12 0 1,3 1,3 2,06 – 1,65 1,77 – 0,20

23 Desflurane (I-653) 6,37 – 1,28 0 1,28 1,28 – – 1,59 – 0,10

24 Enflurane 8,389 – 1,15 0 1,53 1,53 2,10 – 1,77 – 0,13

25 Fluroxene 7,923 – 0,91 0 1,09 1,09 1,69 – 1,26 – 0,15

26 Methoxyflurane 10,59 – 0,7 0 1,05 1,05 2,21 – 2,04 1,59 – 0,22

27 Sevoflurane 8,114 – 1,56 0 0,92 0,92 2,34 – 2,11 – 0,28

28 Methanol 3,246 – 0,25 – 1,5 1,63 3,13 – 0,74 2,77 – 0,81 – – 0,13

29 2-Methyl-2-propanol (t-buta-

nol)

8,751 – 0,46 – 1,28 1,6 2,88 0,35 1,32 0,80 – – 0,29

30 1-Butanol 8,751 – 0,46 – 1,32 1,6 2,91 0,88 0,86 0,80 – – 0,10

31 3-Methyl-1-butanol (isopenta-

nol)

10,586 – 0,53 – 1,41 1,62 3,03 1,42 0,23 1,21 – – 0,04

32 1-Pentanol 10,586 – 0,53 – 1,31 1,61 2,92 1,56 0,24 1,21 – – 0,09

33 1-Hexanol 12,421 – 0,6 – 1,59 1,59 3,18 2,03 – 0,38 1,59 – – 0,20

34 Acetone 6,433 – 0,31 0 1,79 1,79 – 0,24 1,09 0,20 – – 1,20

35 Methylethylketone 8,268 – 0,38 0 1,91 1,91 3,45 0,43 0,66 – – 0,20

in vivo

1 Propargyl alcohol 5,812 – 0,27 1,83 – 1,98 3,81 – – – – 0,23 –

2 Acrylonitrile 6,112 – 0,15 1,63 0 1,63 – – – – 0,40 –

3 Phenyl-N-tert-butylnitrone 21,046 – 0,6 3,82 0 3,82 – – – 0,05 –

4 Propofol 21,718 – 0,81 1,81 – 1,06 2,87 – – – 0,48 –

5 Pyrene 28,766 – 0,38 2,24 0 2,24 – – – 0,23 –

6 Water 1,411 – 0,19 1,76 – 2,88 4,64 – – – – 0,04 –



logBB
(HUMAN)

= – 0,41( � 0,08) + 0,32( � 0,03)logK
o/w

, (1)

n = 32, R
2

= 0,771, SD = 0,23, F = 101,1,

logBB
(HUMAN)

= – 0,43( � 0,08) + 0,36( � 0,04)ÌlogÐ, (2)

n = 35, R
2

= 0,749, SD = 0,24, F = 98,8,

logBB
(HUMAN)

= – 0,10( � 0,06) + 0,21( � 0,02)logK
hd/w

, (3)

n = 29, R
2

= 0,787, SD = 0,24, F = 100,0,

ãäå n – ÷èñëî ñîåäèíåíèé, R2

– êâàäðàò êîýôôèöèåíòà

êîððåëÿöèè, SD – ñòàíäàðòíîå îòêëîíåíèå, F – êîýô-

ôèöèåíò Ôèøåðà.

Èçâåñòíî, ÷òî ëèïîôèëüíîñòü ÿâëÿåòñÿ êîìïîçèò-

íûì äåñêðèïòîðîì, îïèñûâàþùèì êàê ñòåðè÷åñêèå

ìåæìîëåêóëÿðíûå âçàèìîäåéñòâèÿ, òàê è âîäîðîäíóþ

ñâÿçü [14]. Ïîýòîìó äëÿ ëó÷øåãî ïîíèìàíèÿ ìåõàíèç-

ìà ïðîíèöàåìîñòè âåùåñòâ ÷åðåç ÃÝÁ è îïèñàíèÿ

âçàèìîñâÿçè ñòðóêòóðà – ñâîéñòâî â äàííîé ðàáîòå

áûëè èñïîëüçîâàíû äåñêðèïòîðû HYBOT [13]. Ñðåäè

óêàçàííûõ äåñêðèïòîðîâ íàèëó÷øåå îäíîïàðàìåòðî-

âîå óðàâíåíèå áûëî ïîëó÷åíî ïðè èñïîëüçîâàíèè ñóì-

ìû àêöåïòîðíûõ âîäîðîäíîñâÿçàííûõ ôàêòîðîâ â ìî-

ëåêóëå:

logBB
(HUMAN)

= 0,67( � 0,06) – 0,56( � 0,07)�C
a

, (4)

n = 35, R
2

= 0,705, SD = 0,22, F = 78,9.

Äîáàâëåíèå ê �C
a

äîïîëíèòåëüíîãî íåçàêîððåëèðî-

âàííîãî äåñêðèïòîðà � ïîçâîëèëî íåñêîëüêî óëó÷øèòü

ñòàòèñòè÷åñêèå êðèòåðèè êîððåëÿöèè:

logBB
(HUMAN)

= 0,13(0,16) + 0,052(0,014)� –

– 0,40(0,05)�C
a

, (5)

n = 35, R
2

= 0,791, SD = 0,19, F = 60,7.

Äîáàâëåíèå ê ýòèì 2 äåñêðèïòîðàì �Q–

äàëî óðàâ-

íåíèå:

logBB
(HUMAN)

= 0,05( � 0,15) + 0,052( � 0,013)� –

– 0,23( � 0,09)�Q
–

– 0,44( � 0,05)�C
a

, (6)

n = 35, R
2

= 0,825, SD = 0,17, F = 48,6.

À äîáàâëåíèå ê 3 óêàçàííûì äåñêðèïòîðàì åùå �C
d

ïðàêòè÷åñêè íå èçìåíèëî ñòàòèñòè÷åñêèå êðèòåðèè

óðàâíåíèÿ:

logBB
(HUMAN)

= 0,03( � 0,15) + 0,055( � 0,014)� –

– 0,19( � 0,09)�Q
–

– 0,40( � 0,06)�C
a

+

+0,08( � 0,07)�C
d

, (7)

n = 35, R
2

= 0,832, SD = 0,17, F = 37,1.

Îòìåòèì òàêæå, ÷òî çíà÷åíèå âåðîÿòíîñòè ð äëÿ äå-

ñêðèïòîðà �C
d

ñóùåñòâåííî âûøå ïîðîãîâîãî çíà÷å-

íèÿ, êîòîðîå äîëæíî áûòü p < 0,001, ïî ýòîé ïðè÷èíå

âêëàä äåñêðèïòîðà �C
d

â çíà÷åíèå logBB
(HUMAN)

ïðîá-

ëåìàòè÷åí è äîëæåí îáñóæäàòüñÿ íà áîëåå ïðåäñòàâè-

òåëüíîé âûáîðêå ñîåäèíåíèé.

Ñîïîñòàâëåíèå óðàâíåíèÿ (6) ñ òðåìÿ äåñêðèïòîðà-

ìè ïî ñðàâíåíèþ ñ óðàâíåíèåì (1) ïîêàçûâàåò, ÷òî â

ñëó÷àå óðàâíåíèÿ (6) ïîëó÷àþòñÿ íåñêîëüêî ëó÷øèå

ñòàòèñòè÷åñêèå êðèòåðèè. Êðîìå òîãî ïîÿâëÿåòñÿ âîç-

ìîæíîñòü ñóäèòü î íàïðàâëåíèè è âåëè÷èíàõ âêëàäîâ

ðàçëè÷íûõ ìåæìîëåêóëÿðíûõ âçàèìîäåéñòâèé íà

òðàíñïîðò âåùåñòâ ÷åðåç ÃÝÁ. Èç ýòîãî óðàâíåíèÿ î÷å-

âèäíî, ÷òî ìîëåêóëÿðíàÿ ïîëÿðèçóåìîñòü, îïèñûâàþ-

ùàÿ ñòåðè÷åñêèå âçàèìîäåéñòâèÿ, è ñóììà îòðèöàòåëü-

íûõ àòîìíûõ çàðÿäîâ (ýëåêòðîñòàòè÷åñêèå âçàèìîäåé-

ñòâèÿ) ñïîñîáñòâóþò ïîâûøåíèþ çíà÷åíèÿ

logBB
(HUMAN)

, â òî âðåìÿ êàê âîäîðîäíîñâÿçàííàÿ àê-

öåïòîðíàÿ ñïîñîáíîñòü ìîëåêóëû ïðèâîäèò ê ïîíèæå-

íèþ ñïîñîáíîñòè âåùåñòâ ïðîíèêàòü ÷åðåç ÃÝÁ.

ÊÑÑÀ ìîäåëè ïðîíèöàåìîñòè ÷åðåç ÃÝÁ äëÿ

logBB(RAT) in vitro

Â òàáë. 3 ïðèâåäåíà êîððåëÿöèîííàÿ ìàòðèöà ïàðà-

ìåòðîâ, ñâÿçàííûõ ñî ñâîéñòâîì logBB
(RAT)

in vitro è ñ

äåñêðèïòîðàìè, èñïîëüçîâàííûìè â äàííîé ðàáîòå.

Äëÿ äàííîãî ðÿäà ñîåäèíåíèé ïðîíèöàåìîñòü âå-

ùåñòâ ÷åðåç ÃÝÁ logBB
(RAT)

òàêæå âåñüìà õîðîøî êîð-

ðåëèðóåò ñ ïàðàìåòðàìè ñ logK
o/w

, logK
hd/w

è MlogP.

Ýòî îçíà÷àåò, ÷òî â ïðåäåëàõ ðàññìàòðèâàåìîãî ðÿäà

ñîåäèíåíèé ïðîíèöàåìîñòü ÷åðåç ÃÝÁ êàê äëÿ êðûñû,

òàê è äëÿ ÷åëîâåêà ïðè èñïûòàíèÿõ in vitro îïðåäåëÿ-

åòñÿ ëèïîôèëüíîñòüþ ñîåäèíåíèé. Ýòà çàâèñèìîñòü

îïèñûâàåòñÿ ñëåäóþùèìè óðàâíåíèÿìè:

logBB
(RAT)

= – 0,06( � 0,07) + 0,15( � 0,03)logK
o/w

, (8)

n = 33, R
2

= 0,553, SD = 0,26, F = 33,9,

logBB
(RAT)

= – 0,12( � 0,07) + 0,20( � 0,02)ÌlogÐ, (9)

n = 42, R
2

= 0,632, SD = 0,25, F = 68,7,
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Ò à á ë è ö à 2

Êîððåëÿöèîííàÿ ìàòðèöà logBB(HUMAN)

logBB
(HUMAN)

logK
o/w

logK
hd/w

MlogP � �Q
–

�C
a

�C
d

�C
ad

logBB
(HUMAN)

1 0,878 0,888 0,866 0,577 0,055 0,825 0,416 0,730

logK
o/w

1 0,964 0,973 0,760 0,068 0,805 0,447 0,729

logK
hd/w

1 0,969 0,688 0,031 0,883 0,674 0,869

MlogP 1 0,706 0,016 0,852 0,486 0,782

� 1 0,107 0,385 0,053 0,271

�Q
–

1 0,297 0,059 0,159

�C
a

1 0,557 0,911

�C
d

1 0,849

�C
ad

1



logBB
(RAT)

= 0,04( � 0,06) + 0,11( � 0,02)logK
hd/w

, (10)

n = 30, R
2

= 0,535, SD = 0,27, F = 32,3.

Êàê è â ñëó÷àå logBB
(HUMAN)

íàèáîëåå çíà÷èìîé ïà-

ðîé äåñêðèïòîðîâ ÿâëÿåòñÿ �C
a

è �:

logBB
(RAT)

= – 0,16(0,18) + 0,055(0,011)� – 0,17(0,07)�C
a

,

(11)

n = 42, R
2

= 0,632, SD = 0,25, F = 33,5.

Äîáàâëåíèå ê ýòèì äâóì �Q–

äàëî óðàâíåíèå:

logBB
(RAT)

= 0,03( � 0,16) + 0,015( � 0,015)� –

–0,87( � 0,23)�Q
–

– 0,33( � 0,07)�C
a

, (12)

n = 42, R
2

= 0,730, SD = 0,22, F = 34,3.

Äîáàâëåíèå ê òðåì óêàçàííûì äåñêðèïòîðàì âîäî-

ðîäíîñâÿçàííûõ äîíîðíûõ ôàêòîðîâ ïðàêòè÷åñêè íå

èçìåíèëî ñòàòèñòè÷åñêèå êðèòåðèè óðàâíåíèÿ.

logBB
(RAT)

= 0,01( � 0,17) + 0,017( � 0,015)� –

–0,87( � 0,24)�Q
–

– 0,35( � 0,08)�C
a

–

–0,06( � 0,08)�C
d

, (13)

n = 42, R
2

= 0,734, SD = 0,22, F = 25,6.

Òàê æå êàê â ñëó÷àå óðàâíåíèÿ logBB
(HUMAN)

çíà÷å-

íèå ð-ôàêòîðà (âåðîÿòíîñòè) äëÿ äåñêðèïòîðà �C
d

ñó-

ùåñòâåííî âûøå ïîðîãà çíà÷èìîñòè.

Î÷åâèäíî, ÷òî Í-ñâÿçàííûé äîíîðíûé äåñêðèïòîð

�C
d

íå èãðàåò ñóùåñòâåííîé ðîëè äëÿ äàííîé âûáîðêè

ñîåäèíåíèé.

Ñðàâíåíèå òðåõïàðàìåòðîâûõ óðàâíåíèé äëÿ ïðî-

íèöàåìîñòè in vitro äëÿ ÷åëîâåêà è êðûñû ïîêàçûâàåò,

÷òî âñå 3 äåñêðèïòîðà â óðàâíåíèÿõ èìåþò îäíî è

òîæå íàïðàâëåíèå âêëàäîâ: � è �Q–

ïîâûøàþò logBB,

à �C
a

– ïîíèæàåò. ×òî êàñàåòñÿ âåëè÷èí êîýôôèöèåí-

òîâ ïðè ýòèõ äåñêðèïòîðàõ â óðàâíåíèÿõ (6) è (12), îíè

íåñêîëüêî îòëè÷àþòñÿ è âûõîäÿò çà ðàìêè îøèáêè èõ

îöåíêè, îäíàêî íà óðîâíå èçó÷åííûõ íåáîëüøèõ âûáî-

ðîê ñîåäèíåíèé êîëè÷åñòâåííàÿ îöåíêà ðàçëè÷èé çíà-

÷åíèé ýòèõ ñîåäèíåíèé âðÿä ëè öåëåñîîáðàçíà â âèäó

íåáîëüøèõ èíòåðâàëîâ çíà÷åíèé ýòèõ äåñêðèïòîðîâ â

èçó÷åííûõ 2 ðÿäàõ ñîåäèíåíèé.

Òàêèì îáðàçîì, ïðîâåäåííîå ÊÑÑÀ ìîäåëèðîâàíèå

âçàèìîñâÿçè ôèçèêî-õèìè÷åñêèõ ïàðàìåòðîâ è ïðîíè-

öàåìîñòè ÷åðåç ÃÝÁ äëÿ êðûñû è ÷åëîâåêà íà óðîâíå

in vitro ïðîäåìîíñòðèðîâàëî ñóùåñòâåííîå âëèÿíèå

Í-ñâÿçàííîé àêöåïòîðíîé ñïîñîáíîñòè ìîëåêóë, ïîíè-

æàþùåé ïðîíèöàåìîñòü, à òàêæå ìîëåêóëÿðíîé ïîëÿ-

ðèçóåìîñòè è ñóììû îòðèöàòåëüíûõ çàðÿäîâ, ïîâû-

øàþùèõ ýòó ñïîñîáíîñòü äëÿ ìîíîôóíêöèîíàëüíûõ

õèìè÷åñêèõ ñîåäèíåíèé. Äàëüíåéøåå îáñóæäåíèå

êîíêóðåíöèè óêàçàííûõ ìåæìîëåêóëÿðíûõ âçàèìî-

äåéñòâèé áóäåò íàìè ïðîäîëæåíî äëÿ ñîåäèíåíèé, ñî-

äåðæàùèõ íåñêîëüêî ôóíêöèîíàëüíûõ ãðóïï.

Íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿåò ñîçäàíèå óñòîé-

÷èâûõ ïðîãíîñòè÷åñêèõ ìîäåëåé íà óðîâíå in vivo.

Âîçíèêàåò âîïðîñ î âîçìîæíîñòè èñïîëüçîâàíèÿ äëÿ

ðàñ÷åòà ïðîíèöàåìîñòè íà óðîâíå in vivo ïîëó÷åííîé â

ýòîé ðàáîòå ìîäåëè âçàèìîñâÿçè ñòðóêòóðà – ïðîíè-

öàåìîñòü íà óðîâíå in vitro. Íàìè áûëè íàéäåíû â ëè-

òåðàòóðå çíà÷åíèÿ logBB in vivo äëÿ êðûñ äëÿ 6 ñîåäè-

íåíèé, èìåþùèå íå áîëåå 1 àêòèâíîãî öåíòðà

(propargyl alcohol, acrylonitrile, phenyl-N-tert-butylnitro-

ne, propofol, pyrene, water) [12]. Ýêñïåðèìåíòàëüíûå

äàííûå äëÿ ýòèõ ñîåäèíåíèé ïðèâåäåíû òàêæå â

òàáë. 1. Èñïîëüçîâàíèå óðàâíåíèÿ (12) äëÿ êðûñ ïðè-

âåëî ê îöåíêå logBB in vivo êðûñ äëÿ óêàçàííûõ ñîåäè-

íåíèé ñî ñòàíäàðòíûì îòêëîíåíèåì SD = � 0,23, ÷òî

íàõîäèòñÿ íà óðîâíå îøèáêè ýêñïåðèìåíòà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèí-

îáðíàóêè (Ãîñêîíòðàêò ¹ 07.514.11.4118).
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QUANTITATIVE RELATIONSHIP BETWEEN THE CHEMICALS STRUCTURE

AND BBB-CROSSING ABILITY OF ORGANIC COMPOUNDS
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Drug ability to penetrate through the blood brain barrier (BBB) is an important pharmacological property of substances. Chemicals penetrate from blood to

brain by passive diffusion or by active transport (carrier proteins). Data on modeling the quantitative structure–activity relationship (QSAR) between the che-

micals structure and BBB-crossing ability are presented for organic compounds with one active center (functional group with strong donor – acceptor cen-

ter). The study is based on published data for in vitro logBB in humans (35 chemicals) and rats (42 chemicals), descriptors calculated by the HYBOT pro-

gram package, and experimental distribution coefficients. It s shown that important factors are (i) the influence of H-bond acceptor ability of molecules,

which reduces the BBB permeability, and (ii) the molecular polarizability and the sum of negative charges, which increase this ability for monofunctional

chemicals.

Key words: Blood brain barrier, H-bond, physicochemical descriptors, HYBOT, logBB
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