
Èññëåäîâàíèå ñòðîåíèÿ õèìè÷åñêèõ ñîåäèíåíèé,

ìåòîäû àíàëèçà è êîíòðîëü ïðîèçâîäñòâà

© Êîëëåêòèâ àâòîðîâ, 2014

À. Ñ. Îñèïîâ, Å. Á. Íå÷àåâà

ÏÐÈÌÅÍÅÍÈÅ ÕÐÎÌÀÒÎÃÐÀÔÈ×ÅÑÊÈÕ ÊÎËÎÍÎÊ Ñ ÍÈÒÐÈËÜÍÛÌÈ

È ÔÅÍÈËÜÍÛÌÈ ÑÎÐÁÅÍÒÀÌÈ ÄËß ÀÍÀËÈÇÀ ÊÎÎÐÄÈÍÀÖÈÎÍÍÛÕ

ÑÎÅÄÈÍÅÍÈÉ ÏËÀÒÈÍÛ

ÔÃÁÓ “Íàó÷íûé öåíòð ýêñïåðòèçû ñðåäñòâ ìåäèöèíñêîãî ïðèìåíåíèÿ” Ìèíèñòåðñòâà

çäðàâîîõðàíåíèÿ ÐÔ, Ìîñêâà, Ðîññèÿ

Óñòàíîâëåíî, ÷òî õðîìàòîãðàôè÷åñêèå êîëîíêè ñ íèòðèëüíûìè ñîðáåíòàìè Nova-Pak CN HP

è Zorbax Eclipse XDB-CN ìîãóò áûòü ïðèìåíåíû äëÿ àíàëèçà êîîðäèíàöèîííûõ ñîåäèíåíèé

ïëàòèíû(II). Àíàëèç ñîåäèíåíèé ìîæåò áûòü âûïîëíåí êàê â óñëîâèÿõ îáðàùåííî-ôàçîâîé

õðîìàòîãðàôèè (ïîäâèæíàÿ ôàçà àöåòîíèòðèë — âîäà 3:97), òàê è â óñëîâèÿõ íîðìàëüíî-ôà-

çîâîé õðîìàòîãðàôèè (ïîäâèæíàÿ ôàçà àöåòîíèòðèë — âîäà, 96:4). Ëó÷øåå ðàçðåøåíèå àíà-

ëèçèðóåìûõ êîìïîíåíòîâ äîñòèãíóòî â óñëîâèÿõ íîðìàëüíî-ôàçîâîé õðîìàòîãðàôèè. Õðîìà-

òîãðàôè÷åñêèå êîëîíêè ñ ðàçíîîáðàçíûìè ôåíèëüíûìè ñîðáåíòàìè è ïåíòàôòîðôåíèëüíûì

ñîðáåíòîì Discovery HS F5 ìîãóò áûòü èñïîëüçîâàíû äëÿ àíàëèçà êîîðäèíàöèîííûõ ñîåäèíå-

íèé ïëàòèíû òîëüêî â óñëîâèÿõ îáðàùåííî-ôàçîâîé õðîìàòîãðàôèè (ïîäâèæíàÿ ôàçà àöåòî-

íèòðèë — âîäà 5:95). Ñâîéñòâà êîëîíîê ñ íèòðèëüíûìè è ôåíèëüíûìè ñîðáåíòàìè ïðè àíà-

ëèçå êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû ñ èñïîëüçîâàíèåì ïîäâèæíûõ ôàç ñ ñîäåðæàíè-

åì àöåòîíèòðèëà áîëåå 90 % çíà÷èòåëüíî îòëè÷àþòñÿ. Ïðè âûñîêîì ñîäåðæàíèè àöåòîíèòðè-

ëà ñîðáöèÿ ñîåäèíåíèé ïëàòèíû íà íèòðèëüíûõ êîëîíêàõ îáóñëîâëåíà ñïåöèôè÷åñêèìè êîîð-

äèíàöèîííûìè âçàèìîäåéñòâèÿìè ìåæäó àòîìîì ïëàòèíû è íèòðèëüíûìè ãðóïïàìè

ñîðáåíòà. Â îòëè÷èå îò ýòîãî ôåíèëüíûå ãðóïïû, êàê óñòàíîâëåíî â õîäå èññëåäîâàíèÿ, ïðàê-

òè÷åñêè íå îáëàäàþò ïîäîáíîé ñïîñîáíîñòüþ.

Êëþ÷åâûå ñëîâà: ÂÝÆÕ; îêñàëèïëàòèí; êàðáîïëàòèí.

Êîîðäèíàöèîííûå ñîåäèíåíèÿ ïëàòèíû(II) ïðèìå-

íÿþò â ìåäèöèíñêîé ïðàêòèêå äëÿ ëå÷åíèÿ îíêîëîãè-

÷åñêèõ çàáîëåâàíèé. Ìåõàíèçì ïðîòèâîîïóõîëåâîãî

äåéñòâèÿ êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû ñâÿ-

çàí ñî ñïîñîáíîñòüþ ê áèôóíêöèîíàëüíîìó àëêèëèðî-

âàíèþ öåïåé ÄÍÊ, âåäóùåìó ê ïîäàâëåíèþ áèîñèíòå-

çà íóêëåèíîâûõ êèñëîò è ãèáåëè çëîêà÷åñòâåííûõ êëå-

òîê [1]. Â íàñòîÿùåå âðåìÿ èç ëåêàðñòâåííûõ ñðåäñòâ

äàííîé ôàðìàêîëîãè÷åñêîé ãðóïïû ïðèìåíÿþò â îñ-

íîâíîì ïðåïàðàòû, ñîäåðæàùèå öèñïëàòèí, êàðáîïëà-

òèí è îêñàëèïëàòèí. Ñòðóêòóðíûå ôîðìóëû ýòèõ ñî-

åäèíåíèé ïðèâåäåíû íà ðèñ. 1. Äëÿ êîíòðîëÿ êà÷åñòâà

äàííûõ ïðåïàðàòîâ ïî ïîêàçàòåëÿì “êîëè÷åñòâåííîå

îïðåäåëåíèå” è “ïîñòîðîííèå ïðèìåñè” ïðèìåíÿþò

îáðàùåííî-ôàçîâóþ è ðàçëè÷íûå âàðèàíòû èîí-ïàð-

íîé õðîìàòîãðàôèè íà êîëîíêàõ ñ ñîðáåíòàìè Ñ18 è

Ñ8. Ïðè ýòîì ñîäåðæàíèå àöåòîíèòðèëà â ïîäâèæíûõ

ôàçàõ âàðüèðóåò îò 1 – 2 % (îáðàùåííî-ôàçîâàÿ õðî-

ìàòîãðàôèÿ) äî 10 – 20 % (âàðèàíòû èîí-ïàðíîé õðî-

ìàòîãðàôèè). Äëÿ îïðåäåëåíèÿ ïîñòîðîííèõ ïðèìåñåé

â öèñïëàòèíå èñïîëüçóþò õðîìàòîãðàôèþ íà èîíîîá-

ìåííûõ êîëîíêàõ. Â Àìåðèêàíñêîé è ßïîíñêîé Ôàð-

ìàêîïåÿõ [2, 3] äëÿ êîëè÷åñòâåííîãî îïðåäåëåíèÿ öèñ-

ïëàòèíà ïðèìåíÿþò õðîìàòîãðàôèðîâàíèå íà êîëîí-

êàõ ñ àìèíîñîðáåíòîì ñ èñïîëüçîâàíèåì ïîäâèæíîé

ôàçû ýòèëàöåòàò — ìåòàíîë — äèìåòèëôîðìàìèä —

âîäà (25:16:5:5). Â ñîîòâåòñòâóþùåé ìîíîãðàôèè Áðè-

òàíñêîé ôàðìàêîïåè [4] äëÿ êîëè÷åñòâåííîãî îïðåäå-

ëåíèÿ öèñïëàòèíà íà êîëîíêå ñ àìèíîñîðáåíòîì

ïðèâåäåíà ïîäâèæíàÿ ôàçà èíîãî ñîñòàâà: àöåòîíèò-

ðèë — âîäà (90:10). Äëÿ êîëè÷åñòâåííîãî îïðåäåëåíèÿ

è îïðåäåëåíèÿ õðîìàòîãðàôè÷åñêîé ÷èñòîòû â ñóá-

ñòàíöèè è ëåêàðñòâåííîé ôîðìå êàðáîïëàòèíà [5 – 7]

ïðèìåíÿþò êîëîíêè àíàëîãè÷íîãî òèïà è ïîäâèæíóþ

ôàçó àöåòîíèòðèë — âîäà (87:13). Ñëåäóåò îòìåòèòü,

÷òî â ýòîì ñëó÷àå ïðè àíàëèçå ñîåäèíåíèé ïëàòèíû íà

àìèíîñîðáåíòàõ èìååò ìåñòî íîðìàëüíî-ôàçîâûé ìå-

õàíèçì ðàçäåëåíèÿ â æèäêîñòíîé õðîìàòîãðàôèè ãèä-

ðîôèëüíûõ âçàèìîäåéñòâèé (Hydrophilic Interaction

Liquid Chromatography; HILIC). Õðîìàòîãðàôè÷åñêèå

êîëîíêè äðóãèõ òèïîâ äëÿ àíàëèçà êîîðäèíàöèîííûõ

ñîåäèíåíèé ïëàòèíû(II) â âåäóùèõ ìåæäóíàðîäíûõ

ôàðìàêîïåÿõ íå îïèñàíû. Öåëü ðàáîòû — èññëåäîâàòü

âîçìîæíîñòü ïðèìåíåíèÿ êîëîíîê ñ íèòðèëüíûìè è ôå-

íèëüíûìè ñîðáåíòàìè äëÿ àíàëèçà êîîðäèíàöèîííûõ

ñîåäèíåíèé ïëàòèíû, à òàêæå óòî÷íèòü ìåõàíèçì èõ õðî-

ìàòîãðàôè÷åñêîãî ðàçäåëåíèÿ íà äàííûõ êîëîíêàõ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ðàáîòà ïðîâîäèëàñü íà õðîìàòîãðàôå “Agilent”, ñå-

ðèè 1100 (Agilent Technologies, ÑØÀ). Èñïîëüçîâà-

ëèñü êîëîíêè ñëåäóþùèõ ôèðì: Advanced
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Chromatography Technologies (Øîòëàíäèÿ),

Phenomenex (ÑØÀ), Supelco (ÑØÀ), ÁèîÕèìÌàê

(Ðîññèÿ), Waters (ÑØÀ) è Agilent Technologies (ÑØÀ).

Äåòåêòèðîâàíèå ïðîâîäèëè ïðè 220 íì. Ñêîðîñòü ïî-

òîêà ýëþåíòà — 1 ìë/ìèí èëè 0,72 ìë/ìèí (â çàâèñè-

ìîñòè îò äèàìåòðà êîëîíîê). Ââîä îáðàçöîâ â îáú¸ìå 5

èëè 3,6 ìêë (äëÿ êîëîíêè Nova-Pak CN HP

150 � 3,9 ìì, 4 ìêì). Â ðàáîòå èñïîëüçîâàëè ñòàíäàðò-

íûå îáðàçöû öèñïëàòèíà (USP Cisplatin RS), îêñàëèï-

ëàòèíà (USP Oxaliplatin RS) è êàðáîïëàòèíà (USP

Carboplatin RS) Ôàðìàêîïåè ÑØÀ. Àíàëèçèðîâàëè

ïðåïàðàòû îêñàëèïëàòèíà (“Îêñàòåðà”, 100 ìã) è êàð-

áîïëàòèíà (“Êàðáîòåðà”, 50 ìã), (ïðîèçâîäèòåëü —

Laboratory TUTEUR S. A. C. I. F. I. A., Àðãåíòèíà), â

ëåêàðñòâåííîé ôîðìå — ëèîôèëèçàòû äëÿ ïðèãîòîâ-

ëåíèÿ ðàñòâîðîâ äëÿ èíôóçèé. Ïîäãîòîâêà ïðîá: ãîòî-

âèëè âîäíûå ðàñòâîðû ïðåïàðàòîâ ñ êîíöåíòðàöèåé

äåéñòâóþùèõ âåùåñòâ, ðàâíîé 1 ìã/ìë, ïîëó÷åííûå

ðàñòâîðû ðàçáàâëÿëè ïîäâèæíûìè ôàçàìè äî êîíöåí-

òðàöèè äåéñòâóþùèõ âåùåñòâ, ðàâíîé 0,2 ìã/ìë. Èñ-

ïûòóåìûå ðàñòâîðû ôèëüòðîâàëè ÷åðåç ìåìáðàííûé

êàïðîíîâûé ôèëüòð ñ äèàìåòðîì ïîð 0,2 ìêì (Áèî-

ÕèìÌàê, Ðîññèÿ).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â òàáë. 1 ïðèâåäåíû ðåçóëüòàòû õðîìàòîãðàôèðîâà-

íèÿ êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû íà êîëîí-

êàõ ñ íèòðèëüíûìè ñîðáåíòàìè. Ðàçäåëåíèå êîìïîíåí-

òîâ àíàëèçèðóåìîé ñìåñè íà êîëîíêàõ Nova-Pak CN

HP è Zorbax Eclipse XDB-CN âîçìîæíî êàê â óñëîâèÿõ
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Ðèñ. 1. Ñòðóêòóðíûå ôîðìóëû êîîðäèíàöèîííûõ ñîåäèíåíèé

ïëàòèíû(II): à — öèñïëàòèí; á — êàðáîïëàòèí; â — îêñàëèïëà-

òèí.
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Ðèñ. 2. Õðîìàòîãðàììà ðàçäåëåíèÿ ñìåñè ñòàíäàðòíûõ îáðàç-

öîâ êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû íà êîëîíêå No-

va-Pak CN HP 150 � 3,9 ìì (4 ìêì). Óñëîâèÿ àíàëèçà: ïîäâèæ-

íàÿ ôàçà àöåòîíèòðèë — âîäà (3:97); ñêîðîñòü ïîòîêà —

0,72 ìë/ìèí; äåòåêòèðîâàíèå ïðè 220 íì: 1 — öèñïëàòèí; 2 —

êàðáîïëàòèí; 3 — îêñàëèïëàòèí.

Ò à á ë è ö à 1

Âðåìåíà óäåðæèâàíèÿ (Ò) êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû è ðàçðåøåíèå ìåæäó ïèêàìè êàðáîïëàòèíà è îêñàëèïëàòèíà

íà êîëîíêàõ ñ íèòðèëüíûìè ñîðáåíòàìè *

Íàèìåíîâàíèå êîëîíêè, ñêîðîñòü ïîòîêà,

ñîñòàâ ïîäâèæíîé ôàçû

Ò, ìèí Ðàçðåøåíèå ìåæäó

ïèêàìè êàðáîïëàòèíà

è îêñàëèïëàòèíàöèñïëàòèíà êàðáîïëàòèíà îêñàëèïëàòèíà

Äèàñôåð 110 Ñ10ÑN 150 � 4,6 ìì, 5 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (5:95)

1,94 2,25 2,86 3,93

Äèàñôåð 110 Ñ10ÑN 150 � 4,6 ìì, 5 ìêì, 1 ìë/ìèí,

ìåòàíîë — âîäà (5:95)

1,93 2,62 3,43 4,65

Äèàñôåð 110 Ñ10ÑN 150 � 4,6 ìì, 5 ìêì, 1 ìë/ìèí,

ìåòàíîë — âîäà (10:90)

1,89 2,34 2,79 3,10

Nova-Pak CN HP 150 � 3,9 ìì, 4 ìêì, 0,72 ìë/ìèí,

àöåòîíèòðèë — âîäà (3:97)

1,65 1,81 2,36 4,95

Nova-Pak CN HP 150 � 3,9 ìì, 4 ìêì, 0,72 ìë/ìèí,

ìåòàíîë — âîäà (3:97)

1,65 1,83 2,89 7,08

Nova-Pak CN HP 150 � 3,9 ìì, 4 ìêì, 0,72 ìë/ìèí,

àöåòîíèòðèë — âîäà (90:10)

1,63 2,72 2,27 3,80

Nova-Pak CN HP 150 � 3,9 ìì, 4 ìêì, 0,72 ìë/ìèí,

àöåòîíèòðèë — âîäà (95:5)

1,68 6,63 3,82 11,40

Zorbax Eclipse XDB-CN 150 � 4,6 ìì, 5 ìêì,

1 ìë/ìèí, àöåòîíèòðèë — âîäà (3:97)

1,81 2,02 2,32 2,04

Zorbax Eclipse XDB-CN 150 � 4,6 ìì, 5 ìêì,

1 ìë/ìèí, ìåòàíîë — âîäà (3:97)

1,81 2,05 2,46 3,27

Zorbax Eclipse XDB-CN 150 � 4,6 ìì, 5 ìêì,

1 ìë/ìèí, àöåòîíèòðèë — âîäà (96:4)

1,64 3,68 2,86 4,10

* ñðåäíÿÿ âåëè÷èíà 5 îïðåäåëåíèé äëÿ êàæäîãî óñëîâèÿ õðîìàòîãðàôèðîâàíèÿ.



îáðàùåííî-ôàçîâîé (ñîäåðæàíèå àöåòîíèòðèëà èëè

ìåòàíîëà â ïîäâèæíîé 3 %), òàê è â óñëîâèÿõ íîð-

ìàëüíî-ôàçîâîé õðîìàòîãðàôèè (ñîäåðæàíèå àöåòî-

íèòðèëà 95 – 96 %). Ïðè èñïîëüçîâàíèè ïîäâèæíîé

ôàçû, ñîäåðæàùåé 90 – 95 % ìåòàíîëà, êîîðäèíàöèîí-

íûå ñîåäèíåíèÿ ïëàòèíû â óñëîâèÿõ íîðìàëüíî-ôàçî-

âîé õðîìàòîãðàôèè íå ðàçäåëÿëèñü.

Ðàçäåëåíèå êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû

â óñëîâèÿõ íîðìàëüíî-ôàçîâîé õðîìàòîãðàôèè çíà÷è-

òåëüíî ëó÷øå. Ñëåäóåò îòìåòèòü, ÷òî ïðè ïåðåõîäå îò

îáðàùåííî-ôàçîâîé ê íîðìàëüíî-ôàçîâîé õðîìàòîãðà-

ôèè ìåíÿåòñÿ î÷åð¸äíîñòü ýëþèðîâàíèÿ îêñàëèïëàòè-

íà è êàðáîïëàòèíà (ðèñ. 2, 3).

Ïðè õðîìàòîãðàôèðîâàíèè êàðáîïëàòèíà íà êîëîí-

êå Äèàñôåð-110 Ñ10ÑN íå íàáëþäàåòñÿ ñóùåñòâåííî-

ãî óâåëè÷åíèÿ âðåìåíè óäåðæèâàíèÿ ñîåäèíåíèÿ ñ

óâåëè÷åíèåì ñîäåðæàíèÿ àöåòîíèòðèëà â ïîäâèæíîé

ôàçå. Ìèíèìàëüíîå âðåìÿ óäåðæèâàíèÿ êàðáîïëàòèíà

(1,21 – 1,35 ìèí äëÿ âñåõ òèïîâ êîëîíîê) íàáëþäàåòñÿ

ïðè èñïîëüçîâàíèè ïîäâèæíûõ êîëîíîê, ñîäåðæàùèõ

îêîëî 60 % àöåòîíèòðèëà. Ïðè õðîìàòîãðàôèðîâàíèè

íà êîëîíêå Äèàñôåð-110 Ñ10ÑN âðåìÿ óäåðæèâàíèÿ

êàðáîïëàòèíà âîçðàñòàåò òîëüêî íà 1,17 ìèí ïðè óâå-

ëè÷åíèè ñîäåðæàíèÿ àöåòîíèòðèëà â ïîäâèæíûé ôàçå

ñ 60 äî 95 %, ÷òî íåäîñòàòî÷íî äëÿ ïîëíîãî ðàçäåëå-

íèÿ ñîåäèíåíèé ïëàòèíû â óñëîâèÿõ íîðìàëüíî-ôàçî-

âîé õðîìàòîãðàôèè. Ïðèåìëåìîå ðàçäåëåíèå êîìïî-

íåíòîâ àíàëèçèðóåìîé ñìåñè îñóùåñòâëÿåòñÿ òîëüêî â

óñëîâèÿõ îáðàùåííî-ôàçîâîé õðîìàòîãðàôèè

(òàáë. 1). Äàííûé ôàêò, âåðîÿòíî, ÿâëÿåòñÿ ñëåäñòâèåì

òîãî, ÷òî â ñîðáåíòå Äèàñôåð-110 Ñ10ÑN íèòðèëüíàÿ

ãðóïïà ñâÿçàíà íå ñ ïðîïèëüíîé ãðóïïîé, à ñ àëêèëü-

íîé Ñ10. Íåîáõîäèìî îòìåòèòü, ÷òî ïî ðåçóëüòàòàì

ïðîâåä¸ííûõ ðàíåå èññëåäîâàíèé ñîðáåíò Äèà-

ñôåð-110 Ñ10ÑN ïî ñâîéñòâàì áîëåå áëèçîê ê ñîðáåí-
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Ðèñ. 3. Õðîìàòîãðàììà ðàçäåëåíèÿ ñìåñè ñòàíäàðòíûõ îáðàç-

öîâ êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû íà êîëîíêå No-

va-Pak CN HP 150 � 3,9 ìì (4 ìêì). Óñëîâèÿ àíàëèçà: ïîäâèæ-

íàÿ ôàçà àöåòîíèòðèë — âîäà (95:5); ñêîðîñòü ïîòîêà —

0,72 ìë/ìèí; äåòåêòèðîâàíèå ïðè 220 íì: 1 — öèñïëàòèí, 2 —

îêñàëèïëàòèí, 3 — êàðáîïëàòèí.
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Ðèñ. 4. Õðîìàòîãðàììà ðàçäåëåíèÿ ñìåñè ñòàíäàðòíûõ îáðàç-

öîâ êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû íà êîëîíêå Discove-

ry HS F5 150 � 4,6 ìì, 3 ìêì. Óñëîâèÿ àíàëèçà: ïîäâèæíàÿ ôàçà

àöåòîíèòðèë — âîäà (5:95); ñêîðîñòü ïîòîêà — 1 ìë/ìèí; äåòåê-

òèðîâàíèå ïðè 220 íì: 1 — öèñïëàòèí, 2 — êàðáîïëàòèí, 3 —

îêñàëèïëàòèí.

Ò à á ë è ö à 2

Âðåìåíà óäåðæèâàíèÿ (Ò) êîîðäèíàöèîííûõ ñîåäèíåíèé ïëàòèíû è ðàçðåøåíèå ìåæäó ïèêàìè êàðáîïëàòèíà è îêñàëèïëàòèíà

íà êîëîíêàõ ñ ôåíèëüíûìè ñîðáåíòàìè *

Íàèìåíîâàíèå êîëîíêè, ñêîðîñòü ïîòîêà,

ñîñòàâ ïîäâèæíîé ôàçû

Ò, ìèí Ðàçðåøåíèå ìåæäó

ïèêàìè êàðáîïëàòèíà

è îêñàëèïëàòèíàöèñïëàòèíà êàðáîïëàòèíà îêñàëèïëàòèíà

Discovery HS F5 150 � 4,6 ìì, 3 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (3:95)

– 2,83 4,09 9,24

Discovery HS F5 150 � 4,6 ìì, 3 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (5:95)

1,93 2,46 3,36 8,42

Discovery HS F5 150 � 4,6 ìì, 3 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (10:90)

1,84 1,97 2,49 6,20

Luna Phenyl — Hexyl 150 � 4,6 ìì, 5 ìêì,

1 ìë/ìèí, àöåòîíèòðèë — âîäà (5:95)

1,85 2,51 4,68 14,95

Luna Phenyl — Hexyl 150 � 4,6 ìì, 5 ìêì,

1 ìë/ìèí, àöåòîíèòðèë — âîäà (10:90)

1,78 1,92 2,80 8,06

Synergi Polar RP 150 � 4,6 ìì, 4 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (5:95)

1,97 2,44 4,45 13,87

Synergi Polar RP 150 � 4,6 ìì, 4 ìêì, 1 ìë/ìèí,

àöåòîíèòðèë — âîäà (10:90)

1,89 2,00 2,91 7,97

Ace 3 Phenyl 150 � 4,6 ìì, 3 ìêì, 1 ìë/ìèí, àöå-

òîíèòðèë — âîäà (5:95)

1,98 2,57 4,58 17,80

Ace 3 Phenyl 150 � 4,6 ìì, 3 ìêì, 1 ìë/ìèí, àöå-

òîíèòðèë — âîäà (10:90)

1,94 2,10 2,94 6,87

* ñðåäíÿÿ âåëè÷èíà 5 îïðåäåëåíèé äëÿ êàæäîãî óñëîâèÿ õðîìàòîãðàôèðîâàíèÿ.



òàì Ñ18, ÷åì ê òèïè÷íûì íèòðèëüíûì ñîðáåíòàì

[8 – 10].

Ïðèìåíÿâøèåñÿ â õîäå èññëåäîâàíèÿ ôåíèëüíûå

êîëîíêè òàêæå èìåþò ñâîè îñîáåííîñòè. Ñîðáåíò êî-

ëîíêè Ace 3 Phenyl ïðåäñòàâëÿåò ñîáîé òðàäèöèîííûé

ôåíèëüíûé ñîðáåíò. Â ñîðáåíòå êîëîíêè Luna

Phenyl-Hexyl ôåíèëüíàÿ ãðóïïà ñâÿçàíà ñ àëêèëüíîé

Ñ6. Ñîðáåíòîì êîëîíêè Synergi Polar RP ÿâëÿåòñÿ ôå-

íèëüíàÿ ôàçà ñ ãèäðîôèëüíûì ýíäêåïèíãîì ïîâåðõíî-

ñòè ñèëèêàãåëÿ, ñïåöèàëüíî ðàçðàáîòàííàÿ äëÿ ìàêñè-

ìàëüíîãî óäåðæèâàíèÿ ïîëÿðíûõ è àðîìàòè÷åñêèõ ñî-

åäèíåíèé. Â îòëè÷èå îò óêàçàííûõ âûøå êîëîíîê,

ñîðáåíò êîëîíêè Discovery HS F5 ñîäåðæèò ïåíòà-

ôòîðôåíèëüíóþ ãðóïïó.

Íåêîòîðûå ïàðàìåòðû õðîìàòîãðàôèðîâàíèÿ íà

ýòèõ êîëîíêàõ ïðèâåäåíû â òàáë. 2. Íåîáõîäèìî îòìå-

òèòü, ÷òî õîòÿ èññëåäîâàííûå êîëîíêè â äîñòàòî÷íîé

ñòåïåíè îòëè÷àþòñÿ ïî ñâîèì ñâîéñòâàì, ðåçóëüòàòû

õðîìàòîãðàôèðîâàíèÿ íà íèõ êîîðäèíàöèîííûõ ñî-

åäèíåíèé ïëàòèíû ñõîäíû. Â îòëè÷èå îò õðîìàòîãðà-

ôèðîâàíèÿ íà êîëîíêàõ ñ àìèíîñîðáåíòàìè, ãäå ïðè-

ìåíÿþòñÿ ïîäâèæíûå ôàçû ñ ñîäåðæàíèåì àöåòîíèò-

ðèëà 87 – 95 % [5 – 7, 11], ðàçäåëåíèå êîìïîíåíòîâ

àíàëèçèðóåìîé ñìåñè íà ôåíèëüíûõ êîëîíêàõ ïðîèñ-

õîäèò ïðè ñîäåðæàíèè àöåòîíèòðèëà â ïîäâèæíîé

ôàçå íå áîëåå 3 – 5 %. Îäíàêî ñëåäóåò îòìåòèòü, ÷òî

ïðè ñîäåðæàíèè àöåòîíèòðèëà â ïîäâèæíîé ôàçå ìå-

íåå 5 %, íå ôîðìèðóåòñÿ ïèê öèñïëàòèíà ïðàâèëüíîé

ôîðìû íà áîëüøèíñòâå ôåíèëüíûõ êîëîíêàõ. Èñêëþ-

÷åíèå ñîñòàâëÿåò êîëîíêà Synergi Polar RP. Ýôôåêòèâ-

íîñòü âñåõ ïðîòåñòèðîâàííûõ êîëîíîê ïî ïèêàì êàð-

áîïëàòèíà è îêñàëèïëàòèíà âàðüèðóåò îò 8600 äî

14400 òåîðåòè÷åñêèõ òàðåëîê â çàâèñèìîñòè îò òèïà

êîëîíêè è ñîñòàâà ïîäâèæíîé ôàçû. Ïîðÿäîê ýëþèðî-

âàíèÿ êîìïîíåíòîâ àíàëèçèðóåìîé ñìåñè îñóùåñòâëÿ-

åòñÿ â ñîîòâåòñòâèè ñ âîçðàñòàíèåì ãèäðîôîáíîñòè

àíàëèçèðóåìûõ ñîåäèíåíèé ïî ìåõàíèçìó îáðàùåí-

íî-ôàçîâîé õðîìàòîãðàôèè (ðèñ. 4).

Ïðè õðîìàòîãðàôèðîâàíèè íà êîëîíêå Discovery HS

F5 150 � 4,6 ìì, 3 ìêì ñ èñïîëüçîâàíèåì ïîäâèæíîé

ôàçû àöåòîíèòðèë — âîäà (5:95) áûëî ïîäòâåðæäåíî

çàÿâëåííîå èçãîòîâèòåëåì êîëè÷åñòâåííîå ñîäåðæà-

íèå îêñàëèïëàòèíà è êàðáîïëàòèíà â ëåêàðñòâåííûõ

ïðåïàðàòàõ. Ïðè ýòîì èñïîëüçîâàëèñü ñòàíäàðòû USP

Oxaliplatin RS è USP Carboplatin RS.

Íåîáõîäèìî îòìåòèòü, ÷òî õðîìàòîãðàôè÷åñêèå êî-

ëîíêè ñ íèòðèëüíûìè è ôåíèëüíûìè ñîðáåíòàìè îá-

ëàäàþò îïðåäåë¸ííîé ñõîæåñòüþ â óñëîâèÿõ îáðàùåí-

íî-ôàçîâîé õðîìàòîãðàôèè. Ýòî îáóñëîâëåíî âîçìîæ-

íîñòüþ ñïåöèôè÷åñêîé ñîðáöèè çà ñ÷¸ò �-�

âçàèìîäåéñòâèÿìè ìåæäó �-ñâÿçÿìè ôóíêöèîíàëüíûõ

ãðóïï ñîðáåíòîâ è ñèñòåìàìè ñîïðÿæ¸ííûõ äâîéíûõ

ñâÿçåé èëè íèòðîãðóïï àíàëèçèðóåìûõ ñîåäèíåíèé

[8 – 10]. Ñâîéñòâà ýòèõ êîëîíîê ïðè àíàëèçå êîîðäèíà-

öèîííûõ ñîåäèíåíèé ïëàòèíû ñ èñïîëüçîâàíèåì ïîä-

âèæíûõ ôàç ñ ñîäåðæàíèåì àöåòîíèòðèëà áîëåå 90 %

çíà÷èòåëüíî îòëè÷àþòñÿ. Ïðè âûñîêîì ñîäåðæàíèè

àöåòîíèòðèëà ñîðáöèÿ ñîåäèíåíèé ïëàòèíû íà íèò-

ðèëüíûõ êîëîíêàõ îáóñëîâëåíà ñïåöèôè÷åñêèìè êîîð-

äèíàöèîííûìè âçàèìîäåéñòâèÿìè ìåæäó àòîìîì ïëà-

òèíû è íèòðèëüíûìè ãðóïïàìè ñîðáåíòà. Â îòëè÷èå

îò ýòîãî ôåíèëüíûå ãðóïïû, êàê óñòàíîâëåíî â õîäå

èññëåäîâàíèÿ, ïðàêòè÷åñêè íå îáëàäàþò ïîäîáíîé

ñïîñîáíîñòüþ. Âðåìÿ óäåðæèâàíèÿ êàðáîïëàòèíà ñ

âîçðàñòàíèåì äîëè àöåòîíèòðèëà â ïîäâèæíîé ôàçå îò

60 äî 95 % óâåëè÷èâàåòñÿ òîëüêî íà 0,32 – 0,36 ìèí â

çàâèñèìîñòè îò òèïà ôåíèëüíîé êîëîíêè.
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APPLICATION OF CHROMATOGRAPHIC COLUMNS WITH NITRILE AND PHENYL

SORBENTS FOR THE ANALYSIS OF PLATINUM COORDINATION COMPOUNDS

A. S. Osipov and E. B. Nechaeva

State Scientific Center for Drug Expertise and Control, Ministry of Public Health of the Russian Federation, Moscow, Russia

It is established that the chromatographic columns with nitrile sorbents Nova-Pak CN HP and Zorbax Eclipse XDB-CN can be applied to the analysis of co-

ordination compounds of platinum(II). Analysis of these compounds can be carried out both in a reversed-phase chromatography regime (mobile phase: ace-

tonitrile – water (3 : 97)) and under conditions of normal phase chromatography (mobile phase: acetonitrile – water (96 : 4)). Better resolution of analytes

was achieved in the normal-phase chromatography regime. Chromatographic columns with various phenyl sorbents and pentafluorophenyl sorbent Discove-

ry HS F5 can be used for the analysis of platinum coordination compounds only in the reversed-phase chromatography regime (mobile phase: acetonitri-

le – water (5:95)). The properties of columns with phenyl and nitrile sorbents in the assay of platinum coordination compounds using mobile phases with ace-

tonitrile content above 90% are significantly different. In the presence of a high content of acetonitrile, the adsorption of platinum compounds on nitrile co-

lumns is determined by specific interactions between the platinum atom and nitrile groups of the sorbent. In contrast, the phenyl groups have been found to

possess practically no such ability.

Keywords: HPLC; oxaliplatin; carboplatin
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