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ÐÅÆÈÌÎÌ ÄÎÇÈÐÎÂÀÍÈß Ó ÇÄÎÐÎÂÛÕ ÄÎÁÐÎÂÎËÜÖÅÂ

À. Ë. Êîâàëåíêî1, Þ. À. Ïôàðãåð1, Î. Ñ. Êåòëèíñêàÿ1,

Â. Á. Âàñèëþê2, Ì. Â. Ôàðàïîíîâà2

Â õîäå îòêðûòîãî ðàíäîìèçèðîâàííîãî èññëåäîâàíèÿ èçó÷åíà áåçîïàñíîñòü è ïåðå-

íîñèìîñòü ïðåïàðàòà ðåàìáåðèí (ÎÎÎ “ÍÒÔÔ “ÏÎËÈÑÀÍ”) ñ ðàçëè÷íûìè ðåæèìà-

ìè äîçèðîâàíèÿ, à òàêæå ôàðìàêîêèíåòèêà ïðåïàðàòà ïðè âíóòðèâåííîì ââåäåíèè îáú-

åìîì 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí ó çäîðîâûõ äîáðîâîëüöåâ. Â èññëåäîâàíèå

âêëþ÷åíî 78 çäîðîâûõ äîáðîâîëüöåâ ìóæñêîãî ïîëà â âîçðàñòå îò 18 äî 45 ëåò, êîòî-

ðûå áûëè ðàíäîìèçèðîâàíû íà 2 ãðóïïû: ãðóïïà 1 – 39 äîáðîâîëüöåâ, ïîëó÷àâøèõ ðå-

àìáåðèí îáúåìîì 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí; ãðóïïà 2 – 39 äîáðîâîëüöåâ, ïîëó-

÷àâøèõ ïðåïàðàò îáúåìîì 1000 ìë ñî ñêîðîñòüþ 15 ìë/ìèí. Ðåçóëüòàòû ïðîâåäåííîãî

èññëåäîâàíèÿ ïîêàçàëè áëàãîïðèÿòíûé ïðîôèëü áåçîïàñíîñòè è óäîâëåòâîðèòåëüíóþ

ïåðåíîñèìîñòü ðåàìáåðèíà ïðè èññëåäóåìûõ ðåæèìàõ äîçèðîâàíèÿ. Îöåíêà íåæåëà-

òåëüíûõ ïîáî÷íûõ ýôôåêòîâ ó äîáðîâîëüöåâ ãðóïïû 1 ïîêàçàëà 23 èç 70 íåæåëàòåëü-

íûõ ÿâëåíèé (32,9 %), à â ãðóïïå 2 – 47 èç 70 (67,1 %). Ïðè àíàëèçå íåæåëàòåëüíûõ ýô-

ôåêòîâ ïî îðãàíàì è ñèñòåìàì áûëî óñòàíîâëåíî, ÷òî â ãðóïïå 2 äîëÿ íåæåëàòåëüíûõ

ÿâëåíèé ïðè îöåíêå êîæíûõ ïîêðîâîâ è ñëèçèñòûõ, à òàêæå ñåðäå÷íî-ñîñóäèñòîé ñèñ-

òåìû áûëà äîñòîâåðíî áîëüøå, ÷åì â ãðóïïå 1, è ñîñòàâèëà 46,2 %, â ñðàâíåíèè ñ

12,8 % (ð = 0,024), à òàêæå 15,4 % â ñðàâíåíèè ñ 0 % (ð = 0,025), ñîîòâåòñòâåííî. Ïî

îñòàëüíûì èçó÷àåìûì îðãàíàì è ñèñòåìàì, âêëþ÷àÿ îòêëîíåíèÿ ëàáîðàòîðíûõ ïîêà-

çàòåëåé, çíà÷èìûõ ðàçëè÷èé ìåæäó ãðóïïàìè íå óñòàíîâëåíî. Çíà÷åíèÿ ôàðìàêîêèíå-

òè÷åñêèõ ïîêàçàòåëåé äëÿ ÿíòàðíîé êèñëîòû ïî ìåäèàíå ñîñòàâèëè: Cmax —

62,08 ìêã/ìë; Tmax — 2,50 ÷; AUC0–24 – 196,82 (ìêã � ÷)/ìë; AUC0–�
—

198,14 (ìêã � ÷)/ìë; AUÌÑ0–24 – 433,80 (ìêã � ÷
2
)/ìë; MRT — 2,13 ÷; T1/2 – 1,47 ÷; Vdss —

113,17 ë è Clb — 53,30 ë/÷. Óñòàíîâëåíî, ÷òî ôàðìàêîêèíåòè÷åñêàÿ ìîäåëü ÿíòàðíîé

êèñëîòû ñîîòâåòñòâóåò îäíîêàìåðíîé ìîäåëè, ò.å. âåùåñòâî áûñòðî è ðàâíîìåðíî ðàñ-

ïðåäåëÿåòñÿ ïî âñåìó îáúåìó êðîâè äîáðîâîëüöåâ è ïåðåíîñèòñÿ îáðàòíî èç êðîâîòîêà

â òêàíè, à îãðàíè÷èâàþùåå âëèÿíèå ïåðèôåðè÷åñêèõ êàìåð íåçíà÷èòåëüíî è ìîæåò íå

ó÷èòûâàòüñÿ.

Êëþ÷åâûå ñëîâà: ðåàìáåðèí; ÿíòàðíàÿ êèñëîòà; ôàðìàêîêèíåòè÷åñêèå êëèíè÷åñêèå

èññëåäîâàíèÿ; ÂÝÆÕ-ÌÑ/ÌÑ; ïîáî÷íûå ýôôåêòû; áåçîïàñíîñòü; ïåðåíîñèìîñòü.

ÂÂÅÄÅÍÈÅ

Ñðåäè ëåêàðñòâåííûõ ñðåäñòâ äåçèíòîêñèêàöèîí-

íîé òåðàïèè õîðîøî ñåáÿ çàðåêîìåíäîâàë â êëèíè÷å-

ñêîé ïðàêòèêå ïðåïàðàò ðåàìáåðèí 1,5 % ðàñòâîð äëÿ

èíôóçèé (ÎÎÎ “ÍÒÔÔ “ÏÎËÈÑÀÍ”) [2, 3, 5, 6,

8 – 10]. Ïðåïàðàò ïðåäñòàâëÿåò ñîáîé ïîëèèîííûé

ðàñòâîð, ñîäåðæàùèé àêòèâíîå âåùåñòâî — ÿíòàðíóþ

êèñëîòó è âñïîìîãàòåëüíûå âåùåñòâà — ìèêðîýëåìåí-

òû [11]. Â ëèòåðàòóðå èìåþòñÿ ìíîãî÷èñëåííûå ðàáî-

òû, ñâèäåòåëüñòâóþùèå î âûñîêîé ýôôåêòèâíîñòè

ïðåïàðàòà ïðè ðàçëè÷íûõ êðèòè÷åñêèõ ñîñòîÿíèÿõ

(õèðóðãèÿ, ãåðîíòîëîãè÷åñêàÿ ïðàêòèêà, êîìáóñòèîëî-

ãèÿ, òðàâìàòîëîãèÿ ïðè ñî÷åòàííîé òðàâìå, ñåïñèñ,

íåéðîõèðóðãèÿ). Èñïîëüçîâàíèå ðåàìáåðèíà â ïðî-

ãðàììå êîìïëåêñíîé èíòåíñèâíîé òåðàïèè ïðèâîäèëî

ê áîëåå ðàííåìó êóïèðîâàíèþ ïðîÿâëåíèé ñèíäðîìà

ñèñòåìíîé âîñïàëèòåëüíîé ðåàêöèè è ýíäîòîêñåìèè,

ñòàáèëèçàöèè æèçíåííî âàæíûõ ôóíêöèé, óëó÷øåíèþ

ëàáîðàòîðíûõ ïîêàçàòåëåé, êîððåêöèè ïðîöåññîâ ñâî-

áîäíîðàäèêàëüíîãî îêèñëåíèÿ, íîðìàëèçàöèè âîä-

íî-ýëåêòðîëèòíîãî áàëàíñà è êèñëîòíî-îñíîâíîãî ðàâ-

íîâåñèÿ [2, 3, 5, 6, 8 – 10].

Ñîãëàñíî èíñòðóêöèè ïî ïðèìåíåíèþ, ñðåäíÿÿ ñó-

òî÷íàÿ äîçà ðåàìáåðèíà äëÿ âçðîñëûõ ñîñòàâëÿåò

10 ìë/êã ñ êóðñîì òåðàïèè äî 11 äíåé. Ïî äàííûì ëè-

òåðàòóðû, âàæíûì ìîìåíòîì èíòåíñèâíîé òåðàïèè ó

áîëüíûõ, íàõîäÿùèõñÿ â ðåàêòèâíî-òîêñè÷åñêîé ñòà-

äèè ýíäîãåííîé èíòîêñèêàöèè, ÿâëÿåòñÿ ïðåäóïðåæäå-

íèå ðàçâèòèÿ ñòàäèè òîêñåìèè ïîñðåäñòâîì óïðàâëÿå-

ìîé ãåìîäèëþöèè, íà ôîíå êîòîðîé ïðîèñõîäèò óëó÷-

øåíèå ðåîëîãèè êðîâè, íîðìàëèçóåòñÿ ñîîòíîøåíèå
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âÿçêîñòü/ãåìàòîêðèò, â ðåçóëüòàòå ðîñòà óäàðíîãî îáúå-

ìà ñåðäöà óâåëè÷èâàåòñÿ ìèíóòíûé îáúåì. Ïðè ýòîì

ðåêîìåíäîâàííàÿ ñêîðîñòü ââåäåíèÿ ñîñòàâëÿåò 15 –

25 ìë/ìèí, îáùèé îáúåì ðàñòâîðîâ — 25 – 40 ìë/êã

[1].

Ïîýòîìó íàñòîÿùåå èññëåäîâàíèå ïðîâåäåíî ñ öå-

ëüþ îöåíêè áåçîïàñíîñòè è ïåðåíîñèìîñòè ðåàìáåðè-

íà îáúåìîì 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí è 1000 ìë

ñî ñêîðîñòüþ 15 ìë/ìèí, à òàêæå ôàðìàêîêèíåòèêè

ïðåïàðàòà â îáúåìå 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí ó

çäîðîâûõ äîáðîâîëüöåâ (ïðîòîêîë ¹ RB-I-2017 âåð-

ñèÿ 1.0 îò 02.04.2018 ã.). Ðåæèì äîçèðîâàíèÿ ðåàìáå-

ðèíà îáúåìîì 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí ìîæåò

áûòü èñïîëüçîâàí â ïðîãðàììàõ èíòåíñèâíîé òåðàïèè

íåîòëîæíûõ ñîñòîÿíèé, â ïàòîãåíåçå êîòîðûõ âåäó-

ùóþ ðîëü èãðàþò íàðóøåíèÿ ïàðàìåòðîâ ãîìåîñòàçà,

â òî æå âðåìÿ ðåæèì äîçèðîâàíèÿ ðåàìáåðèíà îáúå-

ìîì 1000 ìë ñî ñêîðîñòüþ 15 ìë/ìèí ïðåäïîëàãàåò

áûñòðîå âîññòàíîâëåíèå îáúåìà öèðêóëèðóþùåé êðî-

âè è ãåìîäèíàìè÷åñêèõ ïàðàìåòðîâ.

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Îòêðûòîå ðàíäîìèçèðîâàííîå êëèíè÷åñêîå èññëå-

äîâàíèå ïðîâîäèëè ïîä êîíòðîëåì Ñîâåòà ïî ýòèêå

ïðè Ìèíçäðàâå Ðîññèè è â ñîîòâåòñòâèè ñ ICH GCP Å6

R1 ïî îðãàíèçàöèè ïðîâåäåíèÿ êëèíè÷åñêîãî èññëåäî-
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Ïàðàìåòð

Ãðóïïà 1 (N = 39) Ãðóïïà 2 (N = 39)

ð
1

àáñ. åä. äîëÿ, %
îøèáêà

äîëè, %
àáñ. åä. äîëÿ, %

îøèáêà

äîëè, %

Íàðóøåíèÿ ñî ñòîðîíû äûõàòåëüíîé ñèñ-

òåìû, îðãàíîâ ãðóäíîé êëåòêè è ñðåäî-

ñòåíèÿ

0 0,0 0,0 2 5,1 7,2 0,494

Íàðóøåíèÿ ñî ñòîðîíû êîæíûõ ïîêðîâîâ

è ñëèçèñòîé

5 12,8 7,0 18 46,2 7,0 0,024*

Ëàáîðàòîðíûå îòêëîíåíèÿ 5 12,8 7,0 4 10,3 4,3 1,000

Íàðóøåíèÿ ñî ñòîðîíû íåðâíîé ñèñòåìû 3 7,7 4,3 2 5,1 5,7 1,000

Îáùèå íàðóøåíèÿ è ðåàêöèè â ìåñòå ââå-

äåíèÿ

5 12,8 7,0 11 28,1 4,3 0,160

Íàðóøåíèÿ ñî ñòîðîíû æåëóäî÷íî-êèøå÷-

íîãî òðàêòà

5 12,8 7,0 4 10,3 4,9 1,000

Íàðóøåíèÿ ñî ñòîðîíû ñåðäå÷íî-ñîñóäè-

ñòîé ñèñòåìû

0 0,0 0,0 6 15,4 4,3 0,025*

1
çíà÷åíèå p-óðîâíÿ çíà÷èìîñòè â Fisher exact p ìåæäó ãðóïïàìè 1 è 2;

* ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìû (ð < 0,05);

N — êîëè÷åñòâî ÷åëîâåê â ãðóïïå.
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Ðèñ. 1. Êîíöåíòðàöèÿ ÿíòàðíîé êèñëîòû â ïëàçìå êðîâè ó äîáðîâîëüöåâ ïîñëå âíóòðèâåííîãî ââåäåíèÿ ðåàìáåðèíà îáúåìîì

2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí ñ âû÷åòîì ýíäîãåííîãî ñîäåðæàíèÿ íà ëèíåéíîé øêàëå.



âàíèÿ â ñîîòâåòñòâèè ñ ýòè÷åñêèìè ïðèíöèïàìè, èçëî-

æåííûìè â Õåëüñèíñêîé Äåêëàðàöèè Âñåìèðíîé Ìå-

äèöèíñêîé Àññîöèàöèè (Ôîðòàëåçà, 2013 ã.), Ôåäå-

ðàëüíîãî çàêîíà Ðîññèéñêîé Ôåäåðàöèè ÐÔ îò

12.04.2010 ã. ¹ 61-ÔÇ “Îá îáðàùåíèè ëåêàðñòâåííûõ

ñðåäñòâ” (ñ èçìåíåíèÿìè è äîïîëíåíèÿìè), Ïðèêàçîì

Ìèíçäðàâà Ðîññèè ÐÔ îò 01.04.2016 ã. ¹ 200í “Îá óò-

âåðæäåíèè ïðàâèë íàäëåæàùåé êëèíè÷åñêîé ïðàêòè-

êè”, Íàöèîíàëüíûì ñòàíäàðòîì Ðîññèéñêîé Ôåäåðà-

öèè ÃÎÑÒ R 52379 – 2005 “Íàäëåæàùàÿ êëèíè÷åñêàÿ

ïðàêòèêà” è äðóãèìè äåéñòâóþùèìè íîðìàòèâíûìè

äîêóìåíòàìè. Èññëåäîâàíèå âûïîëíÿëè íà áàçå ÎÎÎ

“ÍÈÖ Ýêî-áåçîïàñíîñòü” (Ñàíêò-Ïåòåðáóðã). Äàòà íà-

÷àëà èññëåäîâàíèÿ — 26.07.2018 ã. Äàòà çàâåðøåíèÿ

èññëåäîâàíèÿ — 06.10.2018 ã. Ñïîíñîð èññëåäîâàíèÿ

— ÎÎÎ “ÍÒÔÔ “ÏÎËÈÑÀÍ”. Äëÿ ó÷àñòèÿ â èññëåäî-

âàíèè áûëî âêëþ÷åíî 78 äîáðîâîëüöåâ. Âñå äîáðî-

âîëüöû ïðîõîäèëè ïðîöåäóðû ñêðèíèíãà â òå÷åíèå 12

äíåé äî ãîñïèòàëèçàöèè.

Êðèòåðèè âêëþ÷åíèÿ äîáðîâîëüöåâ â èññëåäîâàíèå:

ïîäïèñàííîå èíôîðìèðîâàííîå ñîãëàñèå; ìóæ÷èíû â

âîçðàñòå îò 18 äî 45 ëåò; èíäåêñ ìàññû òåëà â ïðåäåëàõ

îò 22,5 äî 30 êã/ì2
ïðè ìàññå òåëà îò 60 äî 90 êã; âåðè-

ôèöèðîâàííûé äèàãíîç “çäîðîâ” (îòñóòñòâèå îòêëîíå-

íèé îò íîðìû ïðè âðà÷åáíîì îñìîòðå, âêëþ÷àþùåì

èçìåðåíèå îñíîâíûõ æèçíåííûõ ïîêàçàòåëåé, ÝÊÃ â

12 îòâåäåíèÿõ, êëèíè÷åñêèõ ëàáîðàòîðíûõ èññëåäîâà-

íèé); ñîãëàñèå íå çàíèìàòüñÿ òÿæåëûìè ôèçè÷åñêèìè

íàãðóçêàìè è èíòåíñèâíûìè çàíÿòèÿìè ñïîðòîì â òå-

÷åíèå èññëåäîâàíèÿ; ñîãëàñèå èñïîëüçîâàòü íàäåæíûå

ìåòîäû êîíòðàöåïöèè â õîäå âñåãî èññëåäîâàíèÿ è 90

äíåé ïîñëå îêîí÷àíèÿ ó÷àñòèÿ â èññëåäîâàíèè.

Çäîðîâûå äîáðîâîëüöû áûëè ðàíäîìèçèðîâàíû íà

2 ãðóïïû: ãðóïïà 1 – 39 äîáðîâîëüöåâ, ïîëó÷àâøèõ ðå-

àìáåðèí (âíóòðèâåííî) îáúåìîì 2000 ìë ñî ñêîðî-

ñòüþ 10 ìë/ìèí; ãðóïïà 2 – 39 äîáðîâîëüöåâ, ïîëó÷àâ-

øèõ ðåàìáåðèí îáúåìîì 1000 ìë ñî ñêîðîñòüþ

15 ìë/ìèí.

36 À. Ë. Êîâàëåíêî è äð.
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Ôàðìàêîêèíåòè÷åñêèé

ïàðàìåòð
Min Max Me LQ UQ

Cmax, ìêã/ìë 40,57 171,49 62,08 56,91 69,18

Tmax, ÷ 1,75 4,00 2,50 2,50 3,00

AUC0–24, (ìêã � ÷)/ìë 86,63 406,41 196,82 180,11 218,76

AUC0–�
, (ìêã � ÷)/ìë 90,35 406,41 198,14 180,11 220,02

AUÌÑ0–24, (ìêã � ÷
2
)/ìë 198,92 1286,86 433,80 386,23 477,33

MRT, ÷ 1,77 5,49 2,13 2,04 2,25

T1/2, ÷ 1,22 3,79 1,47 1,41 1,55

Vdss, ë 82,27 641,56 113,17 104,45 131,80

Clb, ë/÷ 25,98 116,88 53,30 48,00 58,63

Me — ìåäèàíà, UQ — âåðõíÿÿ è LQ — íèæíÿÿ êâàðòèëè, Min — ìèíèìàëüíûå è Max — ìàêñèìàëüíûå çíà÷åíèÿ ïåðåìåííîé.
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Ðèñ. 2. Óñðåäíåííûå ýêñïåðèìåíòàëüíûå è ìîäåëüíûå (îäíî- è äâóõêàìåðíûå) ãðàôèêè çàâèñèìîñòè êîíöåíòðàöèè ÿíòàðíîé êèñ-

ëîòû â ïëàçìå êðîâè ó äîáðîâîëüöåâ ïîñëå âíóòðèâåííîãî ââåäåíèÿ ðåàìáåðèíà îáúåìîì 2000 ìë ñî ñêîðîñòüþ 10 ìë/ìèí.



Ôàðìàêîêèíåòè÷åñêèå èññëåäîâàíèÿ áûëè ïðîâåäå-

íû ó äîáðîâîëüöåâ ïåðâîé ãðóïïû. Êîëè÷åñòâåííîå

îïðåäåëåíèå ÿíòàðíîé êèñëîòû â ïëàçìå êðîâè äîáðî-

âîëüöåâ îñóùåñòâëÿëè ñîãëàñíî òðåáîâàíèÿì ðóêîâî-

äñòâà ïî ýêñïåðòèçå ëåêàðñòâåííûõ ñðåäñòâ [4] âàëè-

äèðîâàííûì ìåòîäîì ÂÝÆÕ-ÌÑ/ÌÑ ñ ó÷åòîì òîãî,

÷òî ÿíòàðíàÿ êèñëîòà ÿâëÿåòñÿ ýíäîãåííûì ñîåäèíå-

íèåì. Îïðåäåëåíèå îñóùåñòâëÿëè â ðåæèìå êîíòðîëÿ

ìíîæåñòâåííûõ ðåàêöèé (MRM) [12, 13]. Íèæíèé ïðå-

äåë êîëè÷åñòâåííîãî îïðåäåëåíèÿ ÿíòàðíîé êèñëîòû â

ïëàçìå êðîâè ñîñòàâèë 0,1 ìêã/ìë; ëèíåéíûé äèàïàçîí

0,1 – 100 ìêã/ìë.

Äëÿ ïîèñêà ïàðàìåòðîâ ìîäåëè (êîíñòàíòû ñêîðî-

ñòè ýëèìèíàöèè, êîíñòàíòû ñêîðîñòåé îáìåíà ìåæäó

êàìåðàìè) èñïîëüçîâàëè ìåòîä îïòèìèçàöèè, îñíîâàí-

íûé íà ìåòîäå ïîèñêà ïðîèçâîäíûõ (ìåòîä Ãèðà) [7]. Â

êà÷åñòâå ïîêàçàòåëÿ àäåêâàòíîñòè ïîñòðîåííîé ìîäå-

ëè èñïîëüçîâàíà ñðåäíåêâàäðàòè÷åñêàÿ îøèáêà ìîäå-

ëè (MSE), êîòîðàÿ ïðåäñòàâëÿåò ñîáîé îòêëîíåíèÿ ýêñ-

ïåðèìåíòàëüíûõ äàííûõ îò ïîëó÷åííûõ â õîäå îïòè-

ìèçàöèè òåîðåòè÷åñêèõ êðèâûõ è ðàññ÷èòûâàåòñÿ ïî

ôîðìóëå:

MSE

y y

n

i i

i

n

�



�

� ( )
2

1
,

ãäå y
i

— ýêñïåðèìåíòàëüíîå çíà÷åíèå êîíöåíòðàöèè

ìåòàáîëèòà â òî÷êå çàáîðà êðîâè; y — òåîðåòè÷åñêîå

çíà÷åíèå êîíöåíòðàöèè ìåòàáîëèòà â òî÷êå çàáîðà

êðîâè; n — êîëè÷åñòâî ýêñïåðèìåíòàëüíûõ òî÷åê çà-

áîðà êðîâè.

Ìàòåìàòèêî-ñòàòèñòè÷åñêèé àíàëèç ðåçóëüòàòîâ

îñóùåñòâëåí ñ èñïîëüçîâàíèåì ïàêåòîâ ïðîãðàìì

Microsoft Excel 2010 ñ íàäñòðîéêîé AtteStat, MATLAB

12 è Statistica 10.0. Çíà÷åíèÿ ïàðàìåòðîâ ïðåäñòàâëåíû

â âèäå Me — ìåäèàíà, UQ — âåðõíåãî è LQ — íèæíå-

ãî êâàðòèëåé, Mean — ñðåäíåãî àðèôìåòè÷åñêîãî, SD

— ñòàíäàðòíîãî îòêëîíåíèÿ. Äëÿ îïðåäåëåíèÿ íîð-

ìàëüíîñòè èñïîëüçîâàëè êðèòåðèé Øàïèðî — Óèëêà.

Äëÿ ñðàâíåíèÿ êîëè÷åñòâåííûõ äàííûõ, íå ïîä÷èíÿâ-

øèõñÿ çàêîíó íîðìàëüíîãî ðàñïðåäåëåíèÿ, áûë ðàñ-

ñ÷èòàí U-êðèòåðèé Ìàííà — Óèòíè äëÿ íåçàâèñèìûõ

âûáîðîê è êðèòåðèé Âèëêîêñîíà äëÿ çàâèñèìûõ âûáî-

ðîê. Äëÿ ñðàâíåíèÿ êîëè÷åñòâåííûõ äàííûõ, ïîä÷è-

íÿâøèõñÿ çàêîíó íîðìàëüíîãî ðàñïðåäåëåíèÿ, áûë

ðàññ÷èòàí t-êðèòåðèé Ñòüþäåíòà äëÿ íåçàâèñèìûõ âû-

áîðîê è êðèòåðèé Ñòüþäåíòà äëÿ çàâèñèìûõ âûáîðîê.

Äëÿ îöåíêè ðàçëè÷èé ìåæäó èññëåäóåìûìè ãðóïïàìè

â äèíàìèêå èñïîëüçîâàëè äèñïåðñèîííûé àíàëèç ïî-

âòîðíûõ íàáëþäåíèé (Repeated Measures ANOVA).

Äëÿ ñðàâíåíèÿ êà÷åñòâåííûõ ïîêàçàòåëåé (äîëåé) è

îöåíêè äîñòîâåðíîñòè îáíàðóæåííûõ ðàçëè÷èé â ÷àñ-

òîòå èõ ïîÿâëåíèÿ èñïîëüçîâàëè òî÷íûé êðèòåðèé Ôè-

øåðà. Ñòàòèñòè÷åñêè çíà÷èìûìè ñ÷èòàëè ðàçëè÷èÿ

ïðè p < 0,05.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Ïî äàííûì ñêðèíèíãà ó âñåõ äîáðîâîëüöåâ (100 %)

ïî ðåçóëüòàòàì îñìîòðà ïî îðãàíàì è ñèñòåìàì íå îò-

ìå÷åíû îòêëîíåíèÿ. Èññëåäîâàíèå áåçîïàñíîñòè è ïå-

ðåíîñèìîñòè ðåàìáåðèíà ïîêàçàëî â öåëîì áëàãîïðè-

ÿòíûé ïðîôèëü áåçîïàñíîñòè. Ïðè ñðàâíåíèè ðåæè-

ìîâ äîçèðîâàíèÿ ðåàìáåðèíà â ðàìêàõ ìåæãðóïïîâîãî

àíàëèçà íå áûëî âûÿâëåíî ñòàòèñòè÷åñêè çíà÷èìûõ

ðàçëè÷èé æèçíåííî âàæíûõ ïîêàçàòåëåé è ïîêàçàòåëåé

èíñòðóìåíòàëüíûõ èññëåäîâàíèé ìåæäó èññëåäóåìû-

ìè ãðóïïàìè. Êðîìå ïîêàçàòåëåé ÷àñòîòû ñîêðàùåíèé

ñåðäöà (×ÑÑ) â òî÷êå 12:00 (ð = 0,012) è òåìïåðàòóðû

òåëà â òî÷êå 04:00 (ð = 0,040), à òàêæå óðîâåíü ×ÑÑ

ÝÊÃ, êîòîðûé ñòàòèñòè÷åñêè çíà÷èìî ðàçëè÷àëñÿ íà

âèçèòå ïîñëåäóþùåãî íàáëþäåíèÿ (ð = 0,037). Ìåæ-

ãðóïïîâîå ñðàâíåíèå ëàáîðàòîðíûõ ïîêàçàòåëåé âû-

ÿâèëî ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ êîëè÷åñòâà

ìîíîöèòîâ â òî÷êå – 01:00 (ð = 0,043), äîëè áàçîôèëîâ

â òî÷êå 24:00 (ð = 0,026) è äîëè ýîçèíîôèëîâ íà âèçèòå

ïîñëåäóþùåãî íàáëþäåíèÿ (ð = 0,049). Äëÿ ïîêàçàòå-

ëåé áèîõèìè÷åñêîãî àíàëèçà êðîâè áûëè âûÿâëåíû

ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ åäèíè÷íûõ ïàðà-

ìåòðîâ, òàêèõ êàê óðîâåíü Na
+

â òî÷êå – 01:00

(ð = 0,020) è êîíöåíòðàöèÿ ãëþêîçû â òî÷êå 24:00

(ð = 0,011). Ìåæãðóïïîâîé àíàëèç ïîêàçàòåëåé êèñëîò-

íî-îñíîâíîãî ñîñòîÿíèÿ êðîâè è îáùåãî àíàëèçà ìî÷è

íå âûÿâèë ñóùåñòâåííûõ ðàçëè÷èé â ãðóïïàõ.

Â õîäå îöåíêè áåçîïàñíîñòè è ïåðåíîñèìîñòè ðåàì-

áåðèíà ïðè èçó÷àåìûõ ðåæèìàõ äîçèðîâàíèÿ áûë ïðî-

âåäåí àíàëèç íåæåëàòåëüíûõ ýôôåêòîâ (ÍÝ). Âñåãî

áûëî çàðåãèñòðèðîâàíî 70 ñëó÷àåâ ÍÝ: 61 (87,1 %),

ñâÿçàííûõ ñ ñîìàòè÷åñêèì ñòàòóñîì, è 9 (12,9 %), ñâÿ-

çàííûõ ñ îòêëîíåíèÿìè ëàáîðàòîðíûõ ïîêàçàòåëåé. Â

50 èç 70 ñëó÷àåâ (71,4 % îò îáùåãî êîëè÷åñòâà) ïðè-

÷èííî-ñëåäñòâåííàÿ ñâÿçü ñ ïðåïàðàòîì îöåíåíà êàê

“âîçìîæíàÿ”, â 18 ñëó÷àåâ (25,7 %) — “îïðåäåëåííàÿ”

è â 2 ñëó÷àÿõ (2,9 %) — “âåðîÿòíàÿ”. Îñíîâíàÿ ÷àñòü

äåéñòâèé, ïðåäïðèíÿòûõ ïðè âîçíèêíîâåíèè ÍÝ, 68 èç

70 (97,1 %) áûëà îòíåñåíà ê êàòåãîðèè “íèêàêèõ äåé-

ñòâèé íå ïðåäïðèíèìàëîñü”. Â 2 èç 70 ñëó÷àåâ (2,9 %)

áûëà íàçíà÷åíà ëåêàðñòâåííàÿ òåðàïèÿ äëÿ ëå÷åíèÿ

ÍÝ (äîáðîâîëüöû èç ãðóïïû 2 âûáûëè èç èññëåäîâà-

íèÿ â ñâÿçè ñ ðàçâèòèåì ÍÝ). Ïî ñòåïåíè òÿæåñòè 67 èç

70 ñëó÷àåâ (95,7 %) îòíåñåíû ê “ëåãêîé ñòåïåíè òÿæå-

ñòè”, 2 ñëó÷àÿ (2,9 %) — ê “òÿæåëîé ñòåïåíè òÿæåñòè”

è 1 ñëó÷àé (1,4 %) — ê “ñðåäíåé ñòåïåíè òÿæåñòè”. Èñ-

õîäîì 61 èç 70 ñëó÷àåâ (87,1 %) ñòàëî “ïîëíîå ðàçðå-

øåíèå”, â 9 èç 70 ñëó÷àåâ (12,9 %) èñõîä ÍÝ, ñâÿçàí-

íûõ ñ îòêëîíåíèÿìè ëàáîðàòîðíûõ ïîêàçàòåëåé, íåèç-

âåñòåí (äàííûå îòêëîíåíèÿ âûÿâëåíû íà çàâåðøàþ-

ùåì âèçèòå, ðàñöåíåíû êàê êëèíè÷åñêè íåçíà÷èìûå è

äàëüíåéøåå íàáëþäåíèå íå ïðîâîäèëîñü).

Îöåíêà ÍÝ ïîêàçàëà, ÷òî ó äîáðîâîëüöåâ ãðóïïû 1

áûëî çàðåãèñòðèðîâàíî 23 èç 70 ÍÝ (32,9 %), à ãðóïïû

2 – 47 èç 70 (67,1 %). Ïðè àíàëèçå ÍÝ ïî îðãàíàì è

Ôàðìàêîêèíåòè÷åñêèå ñâîéñòâà, áåçîïàñíîñòü è ïåðåíîñèìîñòü ðåàìáåðèíà 37



ñèñòåìàì áûëî óñòàíîâëåíî, ÷òî â ãðóïïå 2 äîëÿ ÍÝ

ïðè îöåíêå êîæíûõ ïîêðîâîâ è ñëèçèñòûõ, à òàêæå

äåÿòåëüíîñòè ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû áûëà äîñ-

òîâåðíî áîëüøå, ÷åì â ãðóïïå 1, è ñîñòàâèëà 46,2 % â

ñðàâíåíèè ñ 12,8 % (ð = 0,024), à òàêæå 15,4 % â ñðàâ-

íåíèè ñ 0 % (ð = 0,025), ñîîòâåòñòâåííî. Ïî îñòàëü-

íûì èçó÷àåìûì îðãàíàì è ñèñòåìàì, âêëþ÷àÿ îòêëî-

íåíèÿ ëàáîðàòîðíûõ ïîêàçàòåëåé, çíà÷èìûõ ðàçëè÷èé

ìåæäó ãðóïïàìè íå óñòàíîâëåíî (òàáë. 1).

Àíàëèç ôàðìàêîêèíåòè÷åñêèõ äàííûõ óñòàíîâèë

çíà÷èòåëüíûé ðàçáðîñ ïîêàçàòåëÿ êîíöåíòðàöèè ÿí-

òàðíîé êèñëîòû â ïëàçìå êðîâè äîáðîâîëüöåâ ãðóïïû

1, íî ïðè ýòîì â öåëîì åå ôàðìàêîêèíåòè÷åñêèé ïðî-

ôèëü à áûë õàðàêòåðåí äëÿ âíóòðèâåííîãî ââåäåíèÿ

ïðåïàðàòà ñ ïîñòîÿííîé ñêîðîñòüþ â òå÷åíèå êîðîòêî-

ãî ïðîìåæóòêà âðåìåíè (ðèñ. 1).

Àíàëèç îáîáùåííûõ äàííûõ äëÿ ÿíòàðíîé êèñëîòû

(òàáë. 2) ïîêàçàë, ÷òî çíà÷åíèÿ ôàðìàêîêèíåòè÷åñêèõ

ïîêàçàòåëåé ïî ìåäèàíå ñîñòàâèëè: ìàêñèìàëüíàÿ êîí-

öåíòðàöèÿ â ïëàçìå êðîâè (C
max

) — 62,08 ìêã/ìë; âðå-

ìÿ äîñòèæåíèÿ ìàêñèìàëüíîé êîíöåíòðàöèè â ïëàçìå

êðîâè (T
max

) — 2,50 ÷; ïëîùàäü ïîä ôàðìàêîêèíåòè÷å-

ñêîé êðèâîé “êîíöåíòðàöèÿ — âðåìÿ” îò íà÷àëüíîãî

ìîìåíòà âðåìåíè äî îòáîðà ïîñëåäíåãî îáðàçöà êðîâè

÷åðåç 24 ÷ (AUC
0–24

) — 196,82 (ìêã � ÷)/ìë; AUC
0–�

—

198,14 (ìêã � ÷)/ìë; AUÌÑ
0–24

– 433,80 (ìêã � ÷
2
)/ìë;

ñðåäíåå âðåìÿ óäåðæàíèÿ â ïëàçìå êðîâè (MRT) —

2,13 ÷; ïåðèîä ïîëóâûâåäåíèÿ èç ïëàçìû êðîâè (T
1/2

)

— 1,47 ÷; êàæóùèéñÿ îáúåì ðàñïðåäåëåíèÿ â ñòàöèî-

íàðíîì ñîñòîÿíèè (V
dss

) — 113,17 ë è êëèðåíñ èç ïëàç-

ìû êðîâè (Cl
b
) — 53,30 ë/÷.

Ýêñïåðèìåíòàëüíûå è ìîäåëüíûå ãðàôèêè çàâèñè-

ìîñòè êîíöåíòðàöèè ÿíòàðíîé êèñëîòû îò âðåìåíè

ïðåäñòàâëåíû íà ðèñ. 2. Îøèáêà ìîäåëè (MSE) äëÿ îä-

íîêàìåðíîé ìîäåëè ñîñòàâèëà — 6,719; äëÿ äâóõêà-

ìåðíîé — 17,245.

Âèçóàëüíûé àíàëèç ïðåäñòàâëåííûõ êðèâûõ è çíà-

÷åíèÿ ïîêàçàòåëÿ îøèáêè ìîäåëè (MSE) îäíî- è äâóõ-

êàìåðíûõ ìîäåëåé çàâèñèìîñòè êîíöåíòðàöèè ÿíòàð-

íîé êèñëîòû â ïëàçìå êðîâè îò âðåìåíè ó çäîðîâûõ

äîáðîâîëüöåâ ïîñëå îäíîêðàòíîãî âíóòðèâåííîãî ââå-

äåíèÿ ðåàìáåðèíà îáúåìîì 2000 ìë ñî ñêîðîñòüþ

10 ìë/ìèí ïîçâîëèëè âûñêàçàòü ïðåäïîëîæåíèå î òîì,

÷òî îïòèìàëüíîé ÿâëÿåòñÿ îäíîêàìåðíàÿ ôàðìàêîêè-

íåòè÷åñêàÿ ìîäåëü. Äëÿ òðåõêàìåðíîé ìîäåëè îêàçà-

ëîñü íåâîçìîæíûì ïîäîáðàòü ïàðàìåòðû äëÿ ïîëó÷å-

íèÿ ïåðåõîäíûõ êîíñòàíò ìåæäó êàìåðàìè. Òàêèì îá-

ðàçîì, ìîæíî ñäåëàòü çàêëþ÷åíèå î áûñòðîì è ðàâíî-

ìåðíîì ðàñïðåäåëåíèè èññëåäóåìîãî ïðåïàðàòà ïî

âñåìó îáúåìó êðîâè.

ÂÛÂÎÄÛ

1. Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ ïîêàçàëè

áëàãîïðèÿòíûé ïðîôèëü è óäîâëåòâîðèòåëüíóþ ïåðå-

íîñèìîñòü ðåàìáåðèíà ïðè îäíîêðàòíîì âíóòðèâåí-

íîì ââåäåíèè îáúåìîì 2000 ìë ñî ñêîðîñòüþ

10 ìë/ìèí è 1000 ìë ñî ñêîðîñòüþ 15 ìë/ìèí. Äîñòî-

âåðíûå ðàçëè÷èÿ æèçíåííî-âàæíûõ ïîêàçàòåëåé è ïà-

ðàìåòðîâ ëàáîðàòîðíûõ èññëåäîâàíèé äîáðîâîëüöåâ â

îòäåëüíûõ âðåìåííûõ òî÷êàõ èññëåäîâàíèÿ, ïî ñðàâ-

íåíèþ ñ èñõîäíûìè äàííûìè íà ñêðèíèíãå è äî ââåäå-

íèÿ ïðåïàðàòà, èìåëè ðàçíîíàïðàâëåííûé õàðàêòåð è

íå ïîâëèÿëè íà ïðîôèëü áåçîïàñíîñòè èçó÷àåìûõ ðå-

æèìîâ äîçèðîâàíèÿ èññëåäóåìîãî ïðåïàðàòà.

2. Çíà÷åíèÿ ôàðìàêîêèíåòè÷åñêèõ ïîêàçàòåëåé äëÿ

ÿíòàðíîé êèñëîòû ïî ìåäèàíå ñîñòàâèëè: C
max

—

62,08 ìêã/ìë; T
max

— 2,50 ÷; AUC
0–24

–

196,82 (ìêã � ÷)/ìë; AUC
0–�

— 198,14 (ìêã � ÷)/ìë;

AUÌÑ
0–24

– 433,80 (ìêã � ÷
2
)/ìë; MRT — 2,13 ÷;

T
1/2

– 1,47 ÷; V
dss

— 113,17 ë è Cl
b

— 53,30 ë/÷. Ôàðìà-

êîêèíåòè÷åñêèé ïðîôèëü ìåòàáîëèòà ÿíòàðíîé êèñëî-

òû ñîîòâåòñòâóåò îäíîêàìåðíîé ìîäåëè, ò.å. âåùåñòâî

áûñòðî è ðàâíîìåðíî ðàñïðåäåëÿåòñÿ ïî âñåìó îáúåìó

êðîâè äîáðîâîëüöåâ è ïåðåíîñèòñÿ îáðàòíî èç êðîâî-

òîêà â òêàíè.
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PHARMACOKINETICS, SAFETY, AND TOLERABILITY
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The safety and tolerability of reamberin (POLYSAN Ltd.) were studied in an open randomized trial with various dosage regimens. The pharmacokinetics of re-

amberin was studied upon a single infusion of 2000 ml at a rate of 10 ml/min in healthy volunteers. The test involved 78 healthy male volunteers aged 18 – 45

years, which were randomized into 2 groups: 39 volunteers in group 1 received an infusion of reamberin in a volume of 2000 ml at a rate of 10 ml/min; 39 vo-

lunteers in group 2 received an infusion of reamberin in a volume of 1000 ml at a rate of 15 ml/min. Results of the study showed favorable safety profile and sa-

tisfactory tolerability of reamberin under the studied dosage regimens. Monitoring of the adverse events showed 23 cases out of 70 (32.9%) in group 1 and 47

cases out of 70 (67.1%) in group 2. An analysis of the adverse events as distributed over organs and systems showed that the share of adverse events observed

during evaluation of the skin and mucous membranes as well as in the cardiovascular system was significantly higher in group 2 than in group 1 and amounted

to 46.2% versus 12.8% ( p = 0.024) as well as 15.4% versus 0%, respectively. With respect to other evaluated organs and systems (with allowance for deviati-

ons in laboratory indicators), no significant differences between the two groups were identified. The pharmacokinetic profile of the succinic acid (the active

metabolite of the drug reamberin) generally characterizes the intravenous route of administration of the drug infused at a constant rate over a short period of

time (short-tern intravenous infusion of the drug). The median values of the pharmacokinetic parameters for succinic acid were: C
max

= 62.08 �g/ml;

T
max

= 2.50 h; AUC
0 – 24

= 196.82 (�g � h)/ml; AUC
0–�

= 198.14 (�g � h)/ml; AUMC
0 – 24

= 433.80 (�g � h
2
)/ml; MRT = 2.13 h; T

1/2
= 1.47 h; V

dss
= 113.17 l;

and Cl
b

= 53.30 l/h. It was found that the observed kinetics corresponds to a single-chamber model, so that the substance is quickly and evenly distributed thro-

ughout the blood volume of volunteers and is transferred from the bloodstream to tissues, and the limiting effect of peripheral chambers is insignificant and can

be ignored.

Keywords: reamberin; succinic acid; pharmacokinetics; clinical trials; HPLC-MS/MS side effects; safety; tolerability.
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