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Èçó÷åíà ìèêðîöèðêóëÿöèÿ â ìûøöàõ ãîëåíè çäîðîâûõ êðûñ â íîðìå è äèíàìèêà

óðîâíÿ ìèêðîöèðêóëÿöèè â òå÷åíèå 6 ÷ ïîñëå ââåäåíèÿ ïåíòîêñèôèëëèíà (60 ìã�êã) è

L-àðãèíèíà (200 ìã�êã). Ìîäåëèðîâàíèå õðîíè÷åñêîé èøåìèè ïðîâîäèëè ïóòåì óäàëå-

íèÿ ìàãèñòðàëüíîãî ñîñóäà áåäðà. Íà ôîíå ïðèåìà ïåíòîêñèôèëëèíà (60 ìã�êã) çíà÷è-

ìîãî èçìåíåíèÿ ìèêðîöèðêóëÿöèè ïî ñðàâíåíèþ ñ êîíòðîëåì íå îòìå÷åíî. L-àðãèíèí

(30 ìã�êã) óâåëè÷èâàë óðîâåíü ìèêðîöèðêóëÿöèè ê 28-ì ñóòêàì ýêñïåðèìåíòà. L-àðãè-

íèí â äîçå 200 ìã�êã óâåëè÷èâàë óðîâåíü ìèêðîöèðêóëÿöèè ïî ñðàâíåíèþ ñ êîíòðîëåì

âî âñå ñðîêè ýêñïåðèìåíòà. Ðåçóëüòàòû ëàçåð-äîïïëåðîâñêîé ôëîóìåòðèè ñîïîñòàâè-

ìû ñ ðåçóëüòàòàìè ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ.

Êëþ÷åâûå ñëîâà: õðîíè÷åñêàÿ èøåìèÿ êîíå÷íîñòåé, îêèñü àçîòà, íåîàíãèîãåíåç,

L-àðãèíèí

ÂÂÅÄÅÍÈÅ

Â íàñòîÿùåå âðåìÿ ôàðìàêîëîãè÷åñêàÿ êîððåêöèÿ

õðîíè÷åñêîé èøåìèè êîíå÷íîñòåé ñâîäèòñÿ ê ïðèìå-

íåíèþ àíòèàãðåãàíòîâ, ðåî- è ñïàçìîëèòèêîâ, ñåðîòî-

íèíà, ïðîñòàãëàíäèíîâ [1, 4, 5]. Îäíàêî ïðèìåíåíèå

ýòèõ ñðåäñòâ íå îáåñïå÷èâàåò óâåëè÷åíèÿ ïåðôóçèè â

ïîñòñòåíîòè÷åñêîé çîíå. Â ñâÿçè ñ ýòèì â ïîñëåäíåå

âðåìÿ ïðèìåíÿþò ðàçëè÷íûå ñïîñîáû ñòèìóëÿöèè

íåîàíãèîãåíåçà [11]: ââåäåíèå ôàêòîðîâ ðîñòà [10],

ñòâîëîâûõ êëåòîê è ìîíîíóêëåàðîâ êîñòíîãî ìîçãà

[8, 11], ýìáðèîíàëüíûõ ýíäîòåëèîöèòîâ [6], äîíîðîâ

îêèñè àçîòà (NO) [9]. Èíòåðåñíîé ÿâëÿåòñÿ âîçìîæ-

íîñòü ñòèìóëÿöèè íåîàíãèîãåíåçà ïðè ïîìîùè ïðè-

ðîäíîãî äîíîðà NO — L-àðãèíèíà. L-àðãèíèí ïðåäîò-

âðàùàåò âîçðàñòàíèå êîýôôèöèåíòà ýíäîòåëèàëüíîé

äèñôóíêöèè, óâåëè÷èâàåò ñîäåðæàíèå NO â êðîâè è

ýêñïðåññèþ ýíäîòåëèàëüíîé NO-ñèíòàçû [7], ÷òî ïðî-

äåìîíñòðèðîâàíî íà ìîäåëè L-NAME-èíäóöèðîâàí-

íîé ýíäîòåëèàëüíîé äèñôóíêöèè.

Çàäà÷åé èññëåäîâàíèÿ ÿâèëîñü èçó÷åíèå ýôôåêòèâ-

íîñòè L-àðãèíèíà ïðè ýêñïåðèìåíòàëüíîé õðîíè÷å-

ñêîé èøåìèè êîíå÷íîñòè. Ïðè ýòîì â êà÷åñòâå ïðåïà-

ðàòà ñðàâíåíèÿ èçáðàí ïåíòîêñèôèëëèí, ïðèìåíÿþ-

ùèéñÿ â êà÷åñòâå ñðåäñòâà áàçèñíîé òåðàïèè èøåìèè

êîíå÷íîñòè.

ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß

Ðàáîòà ïðîâåäåíà íà 250 êðûñàõ ñàìêàõ ëèíèè Âèñ-

òàð ìàññîé 230 – 270 ã. Îöåíêó àêòèâíîñòè êðîâîîáðà-

ùåíèÿ â ìûøöàõ êîíå÷íîñòè îñóùåñòâëÿëè ìåòîäîì

ëàçåð-äîïïëåðîâñêîé ôëîóìåòðèè íà àïïàðàòå Bio-

pac-systems MP-100. Ìîäåëèðîâàíèå õðîíè÷åñêîé

èøåìèè êîíå÷íîñòè ïðîâîäèëè ïóòåì óäàëåíèÿ ó÷àñò-

êà ìàãèñòðàëüíîãî ñîñóäà áåäðà [12]. Âñå ìàíèïóëÿöèè

ïðîâîäèëè â óñëîâèÿõ îáùåãî îáåçáîëèâàíèÿ (ýòàìè-

íàë-íàòðèé, 35 ìã�êã).

Ó æèâîòíûõ èíòàêòíîé ãðóïïû (n = 10) èçó÷åí èñ-

õîäíûé óðîâåíü ìèêðîöèðêóëÿöèè è ìîðôîëîãè÷åñêàÿ

êàðòèíà â ìûøöàõ çàäíåé êîíå÷íîñòè â íîðìå. Æèâîò-

íûì êîíòðîëüíîé ãðóïïû (n = 90) âûïîëíÿëîñü ìîäå-

ëèðîâàíèå õðîíè÷åñêîé èøåìèè êîíå÷íîñòè, ïîñëå

÷åãî èçó÷åíà äèíàìèêà óðîâíÿ ìèêðîöèðêóëÿöèè è

ìîðôîëîãè÷åñêîé êàðòèíû â ñðîêè îò 1 äî 90 ñóò. Íà

3-õ ãðóïïàõ èíòàêòíûõ æèâîòíûõ (n = 60) â îñòðîì ýê-

ñïåðèìåíòå èçó÷åíà äèíàìèêà óðîâíÿ ìèêðîöèðêóëÿ-

öèè íà ïðîòÿæåíèè 6 ÷ ïîñëå ââåäåíèÿ ïåíòîêñèôèë-

ëèíà â äîçå 60 ìã�êã è L-àðãèíèíà â äîçå 200 ìã�êã. Â

3-õ ãðóïïàõ æèâîòíûõ îïûòíîé ñåðèè (n = 90) âûïîë-

íåíî ìîäåëèðîâàíèå õðîíè÷åñêîé èøåìèè êîíå÷íîñòè

è ïðîâåäåíà êîððåêöèÿ ýêñïåðèìåíòàëüíîé ïàòîëîãèè

ïåíòîêñèôèëëèíîì â äîçå 60 ìã�êã è L-àðãèíèíîì â

äîçàõ 30 è 200 ìã�êã [7]. Ðåçóëüòàòû ëå÷åíèÿ îöåíèâà-

ëè íà 10-å, 21-å è 28-å ñóòêè.

Ëå÷åíèå â îïûòíûõ ãðóïïàõ íà÷èíàëè íà 7-å ñóòêè

ïîñëå ìîäåëèðîâàíèÿ èøåìèè. Ïåíòîêñèôèëëèí

(Trental 400, “Aventis pharma Ltd.”; Èíäèÿ) ââîäèëè

åæåäíåâíî â æåëóäîê â âèäå ñóñïåíçèè, êîòîðóþ ãîòî-

âèëè èç òàáëåòèðîâàííîé ôîðìû ïðåïàðàòà. L-àðãèíèí

(“Ajinomoto Co. INC”, ßïîíèÿ) ââîäèëè âíóòðèáðþ-

øèííî â âèäå âîäíîãî ðàñòâîðà 1 ðàç â ñóòêè.

Ìîðôîëîãè÷åñêîå èññëåäîâàíèå ïðîâîäèëè ïî îá-

ùåïðèíÿòîé ìåòîäèêå. Äëÿ ìîðôîìåòðèè èñïîëüçîâà-

ëè ñåòêó Àâòàíäèëîâà. Ðåçóëüòàòû èññëåäîâàíèé ñòà-

òèñòè÷åñêè îáðàáîòàíû ñ èñïîëüçîâàíèåì ïðîãðàììû

Microsoft Excel 2003.
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ïåðôóçèîííûõ åäèíèö (ï. å.). Â îñòðîì îïûòå ÷åðåç

1 ÷ ïîñëå âíóòðèæåëóäî÷íîãî ââåäåíèÿ ïåíòîêñèôèë-

ëèíà â äîçå 60 ìã�êã çäîðîâîé êðûñå óðîâåíü ìèêðî-

öèðêóëÿöèè â ìûøöàõ ãîëåíè äîñòîâåðíî ïîâûøàëñÿ

è îñòàâàëñÿ òàêèì â òå÷åíèå äâóõ ÷àñîâ. Â òåõ æå óñëî-

âèÿõ ïðè âíóòðèáðþøèííîì ââåäåíèè L-àðãèíèíà â

äîçå 200 ìã�êã äîñòîâåðíûõ èçìåíåíèé óðîâíÿ ìèêðî-

öèðêóëÿöèè â òå÷åíèå 6 ÷ íàáëþäåíèÿ íå îòìå÷àëîñü

(ðèñ. 1).

Ïîñëå îïåðàöèè ìîäåëèðîâàíèÿ èøåìèè óðîâåíü

ìèêðîöèðêóëÿöèè äîñòîâåðíî ñíèæàëñÿ äî

209,8 � 10,26 ï. å., à çàòåì ìåäëåííî âîññòàíàâëèâàëñÿ,

íî ê 28-ì ñóòêàì îñòàâàëñÿ íèæå èíòàêòíûõ çíà÷åíèé

(369,56 � 14,64, p < 0,05). Ïîëíîå âîññòàíîâëåíèå ìèê-

ðîöèðêóëÿöèè ïðîèñõîäèëî ê 3-ìó ìåñÿöó íàáëþäåíèÿ

(ðèñ. 2).

Ïðè ìîðôîëîãè÷åñêîì èññëåäîâàíèè ó æèâîòíûõ

îïûòíûõ è êîíòðîëüíîé ãðóïï íà 10-å ñóòêè â ïðåïà-

ðàòå îïðåäåëÿëñÿ ñóáòîòàëüíûé íåêðîç ìûøå÷íîé òêà-

íè ñ íà÷èíàþùèìèñÿ ðåçîðáòèâíûìè ÿâëåíèÿìè è ïî-

ÿâëåíèåì ãðàíóëÿöèîííîé òêàíè. Íà 21-å ñóòêè ïðè

ìîðôîëîãè÷åñêîì èññëåäîâàíèè èìåëè ìåñòî ïðîöåñ-

ñû ñîçðåâàíèÿ ãðàíóëÿöèîííîé òêàíè è ðåãåíåðàöèè

ìûøå÷íûõ âîëîêîí, êîòîðûå çàìåùàëè ãðàíóëÿöèè. Ê

28-ì ñóòêàì ìûøöà áûëà ïðåäñòàâëåíà ðåãåíåðèðóþ-

ùèìè ìèîöèòàìè è ãðàíóëÿöèîííîé òêàíüþ. Ó÷àñòêîâ

íåêðîçà íåò.

Ðåçóëüòàòû ôëîóìåòðèè ïîñëå ìîäåëèðîâàíèÿ, à

òàêæå íà ôîíå ëå÷åíèÿ õðîíè÷åñêîé èøåìèè ïðåä-

ñòàâëåíû íà ðèñ. 3.

Âèäíî, ÷òî â ãðóïïå, ïîëó÷àâøåé ïåíòîêñèôèëëèí

â äîçå 60 ìã�êã, äîñòîâåðíûõ ðàçëè÷èé ïî ñðàâíåíèþ ñ

êîíòðîëåì íè â îäíîì èç ñðîêîâ íàáëþäåíèÿ íå îòìå-

÷åíî. Â ãðóïïå, ïîëó÷àâøåé L-àðãèíèí â äîçå

30 ìã�êã, íà 28-å ñóòêè óðîâåíü ìèêðîöèðêóëÿöèè äî-

ñòîâåðíî âûøå ïîêàçàòåëÿ, çàðåãèñòðèðîâàííîãî â

êîíòðîëå. Â ãðóïïå, ïîëó÷àâøåé L-àðãèíèí â äîçå

200 ìã�êã, äîñòîâåðíûå ðàçëè÷èÿ ïî ñðàâíåíèþ ñ êîíò-

ðîëåì çàðåãèñòðèðîâàíû âî âñå ñðîêè ýêñïåðèìåíòà.

Ïðè ñðàâíåíèè ðåçóëüòàòîâ ìîðôîìåòðè÷åñêîãî èñ-

ñëåäîâàíèÿ ñòàòèñòè÷åñêè çíà÷èìûõ ðàçëè÷èé â ãðóï-

ïå, ïîëó÷àâøåé ïåíòîêñèôèëëèí, ïî ñðàâíåíèþ ñ êîí-

òðîëåì íå ïîëó÷åíî. Ðåçóëüòàòû ìîðôîìåòðèè â ãðóï-

ïàõ, ïîëó÷àâøèõ L-àðãèíèí, íà 10-å è 21-å ñóòêè íå

îòëè÷àëèñü îò ïîêàçàòåëåé êîíòðîëÿ. Íà 28-å ñóòêè â

ãðóïïå, ïîëó÷àâøåé L-àðãèíèí â äîçå 200 ìã�êã, èìå-

ëèñü äîñòîâåðíûå ðàçëè÷èÿ ïî óäåëüíîé ïëîùàäè ðå-

ãåíåðèðóþùåé ìûøå÷íîé òêàíè ïî ñðàâíåíèþ ñ êîíò-

ðîëåì (89,29 � 4,13 % è 68,1 � 8,64 % ñîîòâåòñòâåííî).

Òàêèì îáðàçîì, ïîëó÷åííûå äàííûå ñâèäåòåëüñòâó-

þò î ñïîñîáíîñòè L-àðãèíèíà óëó÷øàòü óðîâåíü ìèê-

ðîöèðêóëÿöèè. Ìîæíî ïðåäïîëîæèòü, ÷òî ìåõàíèçìîì

äåéñòâèÿ L-àðãèíèíà ÿâëÿåòñÿ ñòèìóëÿöèÿ íåîàíãèî-

ãåíåçà â èøåìèçèðîâàííîé êîíå÷íîñòè. Äîïîëíèòåëü-

íîå ââåäåíèå NO ñïîñîáñòâóåò êîððåêöèè äèñôóíêöèè

ýíäîòåëèÿ, êîòîðàÿ â áîëüøèíñòâå ñëó÷àåâ ñîïóòñòâó-

åò õðîíè÷åñêîé èøåìèè êîíå÷íîñòè.

24 Å. Á. Àðòþøêîâà è äð.
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Ðèñ. 1. Äèíàìèêà óðîâíÿ ìèêðîöèðêóëÿöèè íà ôîíå ââåäåíèÿ
60 ìã�êã ïåíòîêñèôèëëèíà (1 ) è 200 ìã�êã L-àðãèíèíà (2 ).

Çâåçäî÷êàìè îáîçíà÷åíû òî÷êè, çíà÷åíèÿ êîòîðûõ äîñòîâåðíî îòëè÷à-
þòñÿ îò çíà÷åíèÿ â òî÷êå “0:00” ïðè p < 0,05.
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Ðèñ. 2. Äèíàìèêà óðîâíÿ ìèêðîöèðêóëÿöèè â êîíòðîëüíîé
ãðóïïå æèâîòíûõ.

Â òî÷êàõ, îòìå÷åííûõ çâåçäî÷êàìè, èìåþòñÿ äîñòîâåðíûå ðàçëè÷èÿ ïî
ñðàâíåíèþ ñî çíà÷åíèåì â òî÷êå “íîðìà” ïðè p < 0,05. Ðàññòîÿíèÿ ìåæ-
äó òî÷êàìè ïîêàçàíî îäèíàêîâûì ñ öåëüþ óïðîùåíèÿ ãðàôèêà.
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Ðèñ. 3. Ðåçóëüòàòû ôëîóìåòðèè â êîíòðîëüíîé è îïûòíûõ ãðóï-
ïàõ æèâîòíûõ.

1 — Êîíòðîëü, 2 — ïåíòîêñèôèëëèí 60 ìã�êã, 3 — L-àðãèíèí 30 ìã�êã,

4 — L-àðãèíèí 200 ìã�êã. * — ñòàòèñòè÷åñêè çíà÷èìûå ðàçëè÷èÿ ïî
ñðàâíåíèþ ñ êîíòðîëåì â äàííûé ñðîê íàáëþäåíèÿ.



ÂÛÂÎÄÛ

1. Ââåäåíèå ïåíòîêñèôèëëèíà çäîðîâûì êðûñàì

(60 ìã�êã) ïðèâîäèò ê íåìåäëåííîìó óâåëè÷åíèþ

óðîâíÿ ìèêðîöèðêóëÿöèè. L-àðãèíèí (200 ìã�êã) â òå-

÷åíèå 6 ÷ äåéñòâèÿ íà óðîâåíü ìèêðîöèðêóëÿöèè íå

îêàçûâàë.

2. Íà ôîíå ìîäåëèðîâàíèÿ èøåìèè L-àðãèíèí â äî-

çàõ 30 è 200 ìã�êã îêàçûâàåò äîçîçàâèñèìûé ýôôåêò,

÷òî âûðàæàåòñÿ â óâåëè÷åíèè óðîâíÿ ìèêðîöèðêóëÿ-

öèè ê 28-ì ñóòêàì ïî ñðàâíåíèþ ñ êîíòðîëåì.

3. L-àðãèíèí â äîçå 200 ìã�êã ñïîñîáñòâóåò àêòèâà-

öèè ïðîöåññîâ ðåçîðáöèè íåêðîçà â ìûøöàõ, óñêîðå-

íèþ ðàçâèòèÿ ãðàíóëÿöèîííîé òêàíè è ðåãåíåðàöèè

ñêåëåòíûõ ìèîöèòîâ.
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POSSIBILITIES OF PHARMACOLOGICAL CORRECTION
OF EXPERIMENTAL CHRONIC LIMB ISCHEMIA

E. B. Artyushkova*, D. V. Pashkov, M. V. Pokrovskii, A. V. Faitelson, O. S. Gudyrev,
T. G. Pokrovskaya, E. N. Pashin, and V. I. Kochkarov

Department of Pharmacology, Kursk State Medical university, ul. K. Marksa 3, Kursk, 305041 Russia

* E:mail: eartyushkova@mail.ru

In tests on a group of 250 rats, we studied (i) the level of microcirculation in the muscles of a healthy limb in the norm and (ii) the dynamics of microcircu-

lation for 6 h after treatment with pentoxifylline in a dose of 60 mg�kg dose and L-arginine in a dose of 30 and 200 mg�kg. The chronic ischemia was modeled
by excision of basic femoral artery. There was no significant difference in pentoxyfilline-treated animals in comparison to the control. In the group treated with

L-arginine in a dose of 30 mg�kg, a significant increase in microcirculation was observed on the 28-th day of experiment. In the group treated with L-arginine

in a dose of 200 mg�kg, there was an increase of microcirculation in all terms of the experiment in comparison to the control. The results of laser doppler flow
measurements are correlated with the results of morphological investigation.
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