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Â ñòàòüå ïðåäñòàâëåí ìàòåðèàë ïî îöåíêå ôàðìàêîäèíàìèêè ìîíîêëîíàëüíûõ àíòèòåë ê �4�1-èíòåãðèíó íà ìîð-
ñêèõ ñâèíêàõ. Èññëåäîâàíî âîçäåéñòâèå ïðåïàðàòà íà àáñîëþòíîå ñîäåðæàíèå ëåéêîöèòîâ ïåðèôåðè÷åñêîé êðîâè
ïîñëå îäíîêðàòíîãî âíóòðèáðþøèííîãî ââåäåíèÿ â òðåõ äîçàõ. Ïîêàçàíî, ÷òî âíóòðèáðþøèííîå ââåäåíèå ïðåïà-
ðàòà â äîçàõ 30, 60 è 120 ìã/êã âûçûâàåò äâóêðàòíîå ïîâûøåíèå ñîäåðæàíèÿ ëåéêîöèòîâ óæå â ïåðâûå ñóòêè ïîñëå
ââåäåíèÿ, äîñòèãàÿ ìàêñèìàëüíûõ çíà÷åíèé ê 6 ñóòêàì. Âïîñëåäñòâèè ê 11–18 ñóòêàì, â çàâèñèìîñòè îò äîçû ïðå-
ïàðàòà, ñîäåðæàíèå ëåéêîöèòîâ ïîñòåïåííî ñíèæàåòñÿ äî êîíòðîëüíûõ çíà÷åíèé.
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Ðàññåÿííûé ñêëåðîç — çàáîëåâàíèå öåíòðàëüíîé íåðâ-

íîé ñèñòåìû, â îñíîâå êîòîðîãî ëåæèò ðàñïàä ìèåëèíîâûõ

îáîëî÷åê (äåìèåëèíèçàöèÿ). Îñíîâíîé ïðè÷èíîé äåìèå-

ëèíèçàöèè, âåðîÿòíî, ñëóæàò èììóííûå íàðóøåíèÿ, íî

íåêîòîðóþ ðîëü, âîçìîæíî, èãðàþò òàêæå íàñëåäñòâåííûå

ôàêòîðû, ôàêòîðû îêðóæàþùåé ñðåäû è íåêîòîðûå âèðó-

ñû [1]. Ðàññåÿííûé ñêëåðîç — îäíî èç ñàìûõ ÷àñòûõ íåâ-

ðîëîãè÷åñêèõ çàáîëåâàíèé. Íàèáîëåå âûñîêàÿ ðàñïðî-

ñòðàíåííîñòü ðåãèñòðèðóåòñÿ â Ñåâåðíîé è Öåíòðàëüíîé

Åâðîïå, Ðîññèè, Þæíîé Êàíàäå, ñåâåðíîé ÷àñòè ÑØÀ. Ðàñ-

ïðîñòðàíåííîñòü ðàññåÿííîãî ñêëåðîçà â ýòèõ ñòðàíàõ ñî-

ñòàâëÿåò 30–110 ñëó÷àåâ íà 100000 æèòåëåé [2].

Íà ñåãîäíÿøíèé äåíü äëÿ ëå÷åíèÿ ðåìèòòèðóþùåãî
ðàññåÿííîãî ñêëåðîçà îäîáðåí ïðåïàðàò ìîíîêëîíàëüíûõ
àíòèòåë ê �4�1-èíòåãðèíó — íàòàëèçóìàá (Òèçàáðè®) [3].
Íàòàëèçóìàá — ãóìàíèçèðîâàííîå ìîíîêëîíàëüíîå IgG4
àíòèòåëî ê �4-èíòåãðèíó àäãåçèîííûõ ìîëåêóë, ýêñïðåñ-
ñèðóåìûõ íà ìåìáðàíå ëèìôîöèòîâ, ìîíîöèòîâ è ýîçèíî-
ôèëîâ [4]. Áûëî ïîêàçàíî, ÷òî áëîêèðîâàíèå �4-èíòåãðè-
íà ìîæåò ïðåäîòâðàòèòü ðàçâèòèå äåìèåëèíèçèðóùèõ ïî-
ðàæåíèé íà ìîäåëè ðàññåÿííîãî ñêëåðîçà ìûøåé [5].
Íàòàëèçóìàá èíãèáèðóåò âçàèìîäåéñòâèå �4�1 ñ VCAM-1
(vascular cell adhesion molecule 1) è �4�7 ñ MAdCAM-1
(mucosal adressin cell adhesion molecule-1) [6]. VCAM-1 è
MAdCAM-1 îáíàðóæåíû íà ìåìáðàíå ýíäîòåëèàëüíûõ
êëåòîê, è èõ âçàèìîäåéñòâèå ñ �4�1 è �4�7 ëåéêîöèòîâ
ïðèâîäèò ê ýêñòðàâàçàöèè ïîñëåäíèõ â î÷àã âîñïàëåíèÿ
[7]. Íàòàëèçóìàá ïðåäîòâðàùàåò ìèãðàöèþ àóòîðåàêòèâ-
íûõ ëåéêîöèòîâ èç êðîâåíîñíûõ ñîñóäîâ â îðãàíû-ìèøå-
íè ïóòåì áëîêèðîâàíèÿ �4-êîìïîíåíòû àäãåçèîííîé ìî-
ëåêóëû ëåéêîöèòîâ, óìåíüøàÿ âîñïàëåíèå. Ïîñêîëüêó
VCAM-1 ýêñïðåññèðóåòñÿ íà ïîâåðõíîñòè öåðåáðîâàñêó-
ëÿðíûõ ýíäîòåëèàëüíûõ êëåòîê, �4�1 ÿâëÿåòñÿ êðèòè÷å-

ñêîé ìèøåíüþ íàòàëèçóìàáà äëÿ ïðåäîòâðàùåíèÿ ìèãðà-
öèè ëåéêîöèòîâ â òêàíè ÖÍÑ ïðè ðàññåÿííîì ñêëåðîçå [2].

Èçìåíåíèå ìèãðàöèè ëèìôîöèòîâ, êîòîðîå ñâÿçàíî ñ
ôàðìàêîëîãè÷åñêîé àêòèâíîñòüþ íàòàëèçóìàáà, áûëî ïî-
ëîæåíî â îñíîâó äàííîãî ýêñïåðèìåíòà.

Öåëü äàííîé ðàáîòû — èññëåäîâàíèå ôàðìàêîäè-
íàìèêè ñåëåêòèâíîãî èíãèáèòîðà ìîëåêóë àäãåçèè ïî èç-
ìåíåíèþ êîíöåíòðàöèè ëåéêîöèòîâ â êðîâè ìîðñêèõ
ñâèíîê [8].

Ìàòåðèàëû è ìåòîäû

Æèâîòíûå

Èññëåäîâàíèå ïðîâåäåíî íà ìîðñêèõ ñâèíêàõ ïåñòðûå
àãóòè (ñàìöàõ) ìàññîé 260–280 ã, ïîëó÷åííûõ èç ïèòîìíè-
êà Ôèëèàë Àíäðååâêà ÔÃÁÓÍ ÍÖÁÌÒ ÔÌÁÀ Ðîññèè. Âñå
ìàíèïóëÿöèè ñ æèâîòíûìè âûïîëíÿëè ñîãëàñíî íàöèî-
íàëüíîìó ñòàíäàðòó ÐÔ ÃÎÑÒ Ð 53434–2009 «Ïðèíöèïû
íàäëåæàùåé ëàáîðàòîðíîé ïðàêòèêè».

Ââåäåíèå ïðåïàðàòà

Ìîíîêëîíàëüíûå àíòèòåëà ê �4�1-èíòåãðèíó ïðîèçâîäñò-
âà ÇÀÎ «Áèîêàä» ââîäèëè îäíîêðàòíî âíóòðèáðþøèííî â
äîçàõ 30, 60 è 120 ìã/êã â îáúåìå 0,5 ìë. Ãðóïïå êîíòðîëÿ
â êà÷åñòâå ïëàöåáî ââîäèëè ñòåðèëüíûé 0,9 % ôèçèîëî-
ãè÷åñêèé ðàñòâîð â îáúåìå 0,5 ìë. Â êàæäîé ãðóïïå áûëî
çàäåéñòâîâàíî ïî 4 æèâîòíûõ.

Èññëåäîâàíèÿ êðîâè

Çàáîð êðîâè ó ìîðñêèõ ñâèíîê äëÿ ãåìàòîëîãè÷åñêîãî
àíàëèçà ïðîâîäèëè åæåäíåâíî èíòðàêàðäèàëüíî â òå÷å-
íèå 21 äíÿ ïîñëå ââåäåíèÿ ïðåïàðàòà â ïðîáèðêè ñ Ê3ÝÄÒÀ
(ýòèëåíäèàìèíòåòðàóêñóñíàÿ êèñëîòà; MiniCollect® TUBE
0.5 ml; Greiner Bio-One GmbH) â îáúåìå 0,5 ìë. Äëÿ ýòîãî
ñâèíêó ôèêñèðîâàëè â ïîëîæåíèè ëåæà íà ñïèíå, ââîäèëè
ñòåðèëüíûé èíñóëèíîâûé øïðèö ñî ñúåìíîé èãëîé â îá-
ëàñòü ñåðäå÷íîãî òîë÷êà. Ïîäñ÷åò êîëè÷åñòâà ëåéêîöèòîâ
ïðîâîäèëè ñ ïîìîùüþ êàìåðû Ãîðÿåâà.

ÎÐÈÃÈÍÀËÜÍÛÅ ÑÒÀÒÜÈ
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Ñïèñîê ñîêðàùåíèé:
VCAM-1 — âàñêóëÿðíàÿ ìîëåêóëà êëåòî÷íîé àäãåçèè 1;
MadCAM-1 — ñëèçèñòàÿ ìîëåêóëà-àäðåññèí êëåòî÷íîé àäãåçèè 1;
ÖÍÑ — öåíòðàëüíàÿ íåðâíàÿ ñèñòåìà.



Ñòàòèñòè÷åñêèé àíàëèç

Äëÿ âûÿâëåíèÿ ðàçëè÷èé ìåæäó ãðóïïàìè ïðèìåíÿëè îä-
íîôàêòîðíûé äèñïåðñèîííûé àíàëèç (ANOVA), à òàêæå ïî-
ïàðíîå ñðàâíåíèå ãðóïï ñ ïîìîùüþ êðèòåðèÿ Áîíôåðîíè â
ïðîãðàììíîì ïàêåòå STATISTICA 10 [9]. Ñòàòèñòè÷åñêè äîñ-
òîâåðíûìè ñ÷èòàëè ðàçëè÷èÿ ïðè óðîâíå çíà÷èìîñòè
ð � 0,05.

Ðåçóëüòàòû è îáñóæäåíèå

×åðåç 24 ÷ ïîñëå îäíîêðàòíîãî âíóòðèáðþøèííîãî ââåäå-
íèÿ ïðåïàðàòà ìîíîêëîíàëüíûõ àíòèòåë ê �4�1-èíòåãðèíó
â äîçàõ 30, 60 è 120 ìã/êã íàáëþäàëîñü ðåçêîå ïîâûøåíèå
àáñîëþòíîãî ñîäåðæàíèÿ ëåéêîöèòîâ â êðîâè, ïðåâûøàþ-
ùåå â 1,8–2,0 ðàçà êîëè÷åñòâî ëåéêîöèòîâ â êðîâè æèâîò-
íûõ ãðóïïû êîíòðîëÿ.

Ìàêñèìàëüíûõ çíà÷åíèé êîëè÷åñòâî ëåéêîöèòîâ â
êðîâè æèâîòíûõ îïûòíûõ ãðóïï äîñòèãàëî ê 6 ñóòêàì è
ïðåâûøàëî ïîêàçàòåëè ãðóïïû êîíòðîëÿ â 2,4–2,8 ðàçà.

Ïðè ýòîì ê 11 ñóòêàì â ãðóïïå æèâîòíûõ, ïîëó÷èâøèõ
ïðåïàðàò ìîíîêëîíàëüíûõ àíòèòåë ê �4�1-èíòåãðèíó â
äîçå 30 ìã/êã, íàáëþäàëîñü ðåçêîå ñíèæåíèå êîëè÷åñòâà
ëåéêîöèòîâ äî óðîâíÿ â êîíòðîëüíîé ãðóïïå. Â ãðóïïàõ
æèâîòíûõ, ïîëó÷èâøèõ ïðåïàðàò ìîíîêëîíàëüíûõ àíòè-
òåë ê �4�1-èíòåãðèíó â äîçàõ 60 è 120 ìã/êã, îòìå÷àëè
ñíèæåíèå êîëè÷åñòâà ëåéêîöèòîâ â êðîâè äî óðîâíÿ êîí-
òðîëüíîé ãðóïïû íà 17 ñóò èññëåäîâàíèÿ (ðèñ. 1).

Äèñïåðñèîííûé àíàëèç âûÿâèë çíà÷èìîå âëèÿíèå
ïðåïàðàòà ìîíîêëîíàëüíûõ àíòèòåë ê �4�1-èíòåãðèíó íà
ñîäåðæàíèå ëåéêîöèòîâ ïåðèôåðè÷åñêîé êðîâè ìîðñêèõ
ñâèíîê (p = 0,0000). Ïîñêîëüêó äèñïåðñèîííûé àíàëèç íå
îòâå÷àåò íà âîïðîñ î òîì, ìåæäó êàêèìè èìåííî ãðóïïàìè
ðàçëè÷èå çíà÷èìî, áûëî ïðîâåäåíî ïîïàðíîå ñðàâíåíèå
ãðóïï ñ èñïîëüçîâàíèåì êðèòåðèÿ Áîíôåðîíè (òàáë. 1), ïî-
çâîëèâøåå âûÿâèòü îòëè÷èå ýêñïåðèìåíòàëüíûõ ãðóïï ïî
àáñîëþòíîìó ñîäåðæàíèþ ëåéêîöèòîâ îò ãðóïïû, ïîëó-
÷èâøåé ïëàöåáî (p = 0,0000).

Âûâîäû

Èññëåäîâàíà ôàðìàêîäèíàìèêà ïðåïàðàòà ìîíîêëîíàëü-
íûõ àíòèòåë ê �4�1-èíòåãðèíó. Â êà÷åñòâå îñíîâíîãî ôàð-
ìàêîäèíàìè÷åñêîãî ïàðàìåòðà èñïîëüçîâàëè àáñîëþòíîå
êîëè÷åñòâî ëåéêîöèòîâ ïåðèôåðè÷åñêîé êðîâè ìîðñêèõ
ñâèíîê.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîäòâåðäèëè ïðàâèëü-
íîñòü âûáðàííîé ìîäåëè. Ïîêàçàíî, ÷òî âíóòðèáðþøèí-
íîå ââåäåíèå ïðåïàðàòà â äîçàõ 30, 60 è 120 ìã/êã âûçûâà-
åò äâóêðàòíîå ïîâûøåíèå ñîäåðæàíèÿ ëåéêîöèòîâ óæå â
ïåðâûå ñóòêè ïîñëå ââåäåíèÿ, äîñòèãàÿ ìàêñèìàëüíûõ
çíà÷åíèé ê 6 ñóòêàì.
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Òàáëèöà 1. Ñðàâíåíèå ãðóïï ñ èñïîëüçîâàíèåì êðèòåðèÿ Áîíôå-
ðîíè. Îòîáðàæåíû óðîâíè çíà÷èìîñòè ð, â ñåðûõ êâàäðàòàõ —
ñðåäíèå çíà÷åíèÿ àáñîëþòíîãî ñîäåðæàíèÿ ëåéêîöèòîâ â ãðóïïå

30 ìã/êã 60 ìã/êã 120 ìã/êã Ïëàöåáî

30 ìã/êã M = 9,44 0,0885 1,0000 0,0000

60 ìã/êã 0,0885 M = 10,80 1,0000 0,0000

120 ìã/êã 1,0000 1,0000 M = 10,15 0,0000

Ïëàöåáî 0,0000 0,0000 0,0000 M = 6,12

Ðèñ. 1. Ôàðìàêîäèíàìèêà ïðåïàðàòà ìîíîêëîíàëüíûõ àíòèòåë ê �4�1-èíòåãðèíó (ñðåäíèå çíà÷åíèÿ).



Ïîêàçàíà çàâèñèìîñòü äëèòåëüíîñòè ïåðèîäà ïîâû-
øåííîãî ñîäåðæàíèÿ ëåéêîöèòîâ â êðîâè æèâîòíûõ îò êî-
ëè÷åñòâà ââåäåííîãî ïðåïàðàòà. Âïîñëåäñòâèè ê
11–18 ñóòêàì, â çàâèñèìîñòè îò äîçû ïðåïàðàòà, ñîäåðæà-
íèå ëåéêîöèòîâ ïîñòåïåííî ñíèæàåòñÿ äî êîíòðîëüíûõ
çíà÷åíèé, õàðàêòåðíûõ äëÿ äàííîãî âèäà æèâîòíûõ.
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Experimental study of the pharmacokinetics of monoclonal antibodies
to á4â1-integrin in guinea pigs
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This article presents the data on pharmacodynamics evaluation of monoclonal antibodies to �4�1-integrin in guinea pigs.
The effect on total content of peripheral blood leukocytes after a single intraperitoneal injection of three doses of the drug
has been studied. It was shown that intraperitoneal injection of the drug at doses of 30, 60, and 120 mg/kg causes a two-
fold increase in the content of leukocytes in the first hours after the administration, reaching a maximum value to 6th day.
Subsequently 11–18 days, depending on dose, leukocytes content gradually decreased to control values.
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