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Ñ ïîìîùüþ ìåòîäîâ ñâåòîâîé è ýëåêòðîííîé ìèêðîñêîïèè èññëåäîâàíî òå÷åíèå ïðîöåññà ðåïàðà-
òèâíîé ðåãåíåðàöèè â ðàçíûå ñðîêè ïîñëå íåôðýêòîìèè è ïðèìåíåíèÿ ìàëûõ äîç ðàäèàöèè. Â ðåçóëüòàòå
ýêñïåðèìåíòàëüíî âûçâàííîé èøåìèè â ïî÷êå êðûñ íàáëþäàþòñÿ ãèáåëü ïî÷å÷íûõ òåëåö, êëåòîê ýïèòå-
ëèÿ ïî÷å÷íûõ êàíàëüöåâ è îáðàçîâàíèå ñîåäèíèòåëüíîé òêàíè. Ðåïàðàòèâíàÿ ðåãåíåðàöèÿ îñíîâûâàåòñÿ
íà àñåïòè÷åñêîì âîñïàëåíèè, äëèòåëüíîñòü ôàç êîòîðîãî çàâèñèò îò ñòåïåíè ïîâðåæäåíèÿ îðãàíà. Ïàðàë-
ëåëüíî ñ ïðîöåññîì ðåïàðàòèâíîé ðåãåíåðàöèè ó íåôðýêòîìèðîâàííûõ æèâîòíûõ â êîðêîâîì âåùåñòâå
ïî÷êè íàáëþäàþòñÿ íåêðîç è îòëîæåíèå êàëüöèÿ. Êàëüöèé èãðàåò âàæíóþ ðîëü âî âíóòðèïî÷å÷íûõ èç-
ìåíåíèÿõ, à åãî ïîâûøåííîå ñîäåðæàíèå ÿâëÿåòñÿ îäíèì èç ïðèçíàêîâ äåãåíåðàòèâíûõ èçìåíåíèé. Â õî-
äå ïðîâåäåííîãî ýêñïåðèìåíòà íàìè áûëî óñòàíîâëåíî, ÷òî ïðèìåíåíèå ìàëûõ äîç ðàäèàöèè íå ñïîñîá-
ñòâóåò óñêîðåíèþ ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè.
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Ýêñïåðèìåíòàëüíûé ìåòîä 5/6 íåôðýêòîìèè (remnant
kidney) øèðîêî èñïîëüçóåòñÿ â ìèðîâîé ïðàêòèêå â êà÷å-
ñòâå ìîäåëè äëÿ èçó÷åíèÿ òå÷åíèÿ õðîíè÷åñêîé ïî÷å÷íîé
íåäîñòàòî÷íîñòè (Habib, 1973; Shimamura, Morrison, 1975;
Schwartz, Lewis, 1985; Schwartz et al., 1987, 1993). Â òî æå
âðåìÿ èññëåäîâàòåëè îãðàíè÷èâàþòñÿ èçó÷åíèåì ãëîìå-
ðóëîñêëåðîçà è èíòåðñòèöèàëüíîãî ôèáðîçà, îñòàâëÿÿ áåç
äîëæíîãî âíèìàíèÿ çîíó èøåìè÷åñêîãî ïîðàæåíèÿ ïî÷êè
è ïðîèñõîäÿùèå â íåé èçìåíåíèÿ. Íàðóøåíèå êðîâîñíàá-
æåíèÿ â ïî÷êå ïðèâîäèò ê íåäîñòàòî÷íîìó ñíàáæåíèþ
êëåòîê êèñëîðîäîì è âîçíèêíîâåíèþ â íèõ íåîáðàòèìûõ
ïàòîëîãè÷åñêèõ èçìåíåíèé, ÷òî â ðåçóëüòàòå ïðèâîäèò ê
ãèáåëè ìíîãèõ êëåòîê (Thomas et al., 1998). Â çîíå èøå-
ìèè íàáëþäàåòñÿ ãèáåëü ïî÷å÷íûõ òåëåö è êëåòîê ýïèòå-
ëèÿ ïî÷å÷íûõ êàíàëüöåâ (Wolf, 1995). Ïðîòåêàþùèé
çäåñü ïðîöåññ ðåïàðàòèâíîé ðåãåíåðàöèè îðãàíà îñíîâû-
âàåòñÿ íà àñåïòè÷åñêîì âîñïàëåíèè, äëèòåëüíîñòü ôàç êî-
òîðîãî çàâèñèò îò ñòåïåíè ïîâðåæäåíèÿ îðãàíà. Âñëåäñò-
âèå íàðóøåíèÿ âûâîäà èîíîâ Na+ èç êëåòîê íà÷èíàåòñÿ
ïðîöåññ èíòåíñèâíîãî íàêîïëåíèÿ êàëüöèÿ â êëåòêàõ (An-
derson, 1991; Kramer et al., 1992; Loffing et al., 2001). Â ðå-
çóëüòàòå ïåðåãðóçêè êëåòî÷íûì è ìèòîõîíäðèàëüíûì êàëü-
öèåì íàðóøàåòñÿ ýíåðãåòè÷åñêèé ìåòàáîëèçì êëåòêè
(Kramer et al., 1992). Â èòîãå èíòåíñèâíîãî íàêîïëåíèÿ
êàëüöèÿ â êëåòêàõ ïðîèñõîäÿò óëüòðàñòðóêòóðíûå èçìå-
íåíèÿ, â ïåðâóþ î÷åðåäü â ìèòîõîíäðèÿõ (Faray, Morley,
1993; Doleris et al., 2000). Ïðè ìåäëåííîì ïðîöåññå ðåïà-
ðàòèâíîé ðåãåíåðàöèè â íîâîîáðàçîâàâøåéñÿ ñîåäèíè-
òåëüíîé òêàíè ïðîèñõîäÿò äåãåíåðàòèâíûå èçìåíåíèÿ, êî-
òîðûå â ïåðâóþ î÷åðåäü âûðàæàþòñÿ â îáðàçîâàíèè êàëü-
öèôèêàòîâ. Òî, ÷òî òàêèå ïî ñóùåñòâó ïðîòèâîïîëîæíûå
ïðîöåññû âñòðå÷àþòñÿ îäíîâðåìåííî, âûçâàíî èøåìèåé è

ñëèøêîì ìåäëåííîé ðåâàñêóëÿðèçàöèåé ðåãåíåðàòà. Ñî-
ãëàñíî âûäâèíóòîé íàìè ãèïîòåçå, ïðèìåíåíèå ìàëûõ äîç
ðàäèàöèè ìîæåò ñïîñîáñòâîâàòü çàìåäëåíèþ ðàçâèòèÿ
ïðîöåññà õðîíè÷åñêîé ïî÷å÷íîé íåäîñòàòî÷íîñòè. Â õîäå
äàííîãî ýêñïåðèìåíòà íàìè èññëåäîâàíî âëèÿíèå ñâÿçè
ìåæäó äëèòåëüíîñòüþ èøåìèè è ïðèìåíåíèåì ìàëûõ äîç
ðàäèàöèè íà òå÷åíèå ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè
â îñòàòî÷íîé ïî÷êå.

Ìàòåðèàë è ìåòîäèêà

Ýêñïåðèìåíòàëüíàÿ ðàáîòà áûëà ïðîâåäåíà íà 30 áå-
ëûõ ñàìöàõ êðûñ ëèíèè Wistar (University of Kuopio, La-
boratory Animal Centre) ñî ñðåäíåé ìàññîé 300 ã. Ïðè ïðî-
âåäåíèè ýêñïåðèìåíòà ó÷èòûâàëè «Ïðàâèëà ðàáîòû ñ ïî-
äîïûòíûìè æèâîòíûìè», èìåëîñü ðàçðåøåíèå êîìèññèè
ïî ýòèêå ïðîâåäåíèÿ ýêñïåðèìåíòîâ ñ æèâîòíûìè Òàðòó-
ñêîãî óíèâåðñèòåòà. Ó âñåõ æèâîòíûõ ïðîâîäèëè ïîä íàð-
êîçîì (5 ìã íà 100 ã ìàññû òåëà, èíòðàïåðèòîíåàëüíî, Bri-
etal) 5/6 íåôðýêòîìèþ. Â õîäå îïåðàöèè ó æèâîòíûõ óäà-
ëÿëè ïðàâóþ ïî÷êó è â ëåâîé ïî÷êå ëåãèðîâàëè äâå
êàóäàëüíûå âåòâè a. renalis. Æèâîòíûå áûëè ðàçäåëåíû íà
äâå ãðóïïû, êîòîðûå â ñâîþ î÷åðåäü äåëèëè íà ïîäãðóï-
ïû â çàâèñèìîñòè îò äëèòåëüíîñòè ýêñïåðèìåíòà. Â ñâÿçè
ñ òåì ÷òî â äàííîé ðàáîòå èññëåäîâàëè äèíàìèêó ðåïàðà-
òèâíîé ðåãåíåðàöèè ïî÷å÷íîé òêàíè, ãðóïïû êðûñ íàõî-
äèëèñü â îïûòå 2, 4 èëè 8 íåä.

Ãðóïïà îïåðèðîâàííûõ æèâîòíûõ (Ñ). Ó ýòîé
ãðóïïû æèâîòíûõ áûëà ïðîâåäåíà íåôðýêòîìèÿ: ñ II —
5 êðûñ (îïûò 2 íåä), ñ IV — 5 êðûñ (îïûò 4 íåä), ñ VIII —
5 êðûñ (îïûò 8 íåä).
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Ãðóïïà îáëó÷åííûõ æèâîòíûõ (3 Ãð). Ó æèâîò-
íûõ ýòîé ãðóïïû îáëó÷àëè ïîä íàðêîçîì îáëàñòü ïî÷êè
äîçîé 3 Ãð (ðàäèîàêòèâíûé èçîòîï 60Ñî). Îáëó÷åíèå ïðî-
âîäèëè ÷åðåç 24 ÷ ïîñëå íåôðýêòîìèè: 3 Ãð II — 5 êðûñ
(îïûò 2 íåä), 3 Ãð IV — 5 êðûñ (îïûò 4 íåä). 3 Ãð VIII —
5 êðûñ (îïûò 8 íåä).

Ïîñëå îêîí÷àíèÿ ýêñïåðèìåíòà æèâîòíûõ óìåðùâëÿ-
ëè ïîä íàðêîçîì (50 ìã íà 100 ã ìàññû òåëà, Brietal). Äëÿ
ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ áûëè âçÿòû ïðîáû ïðî-
äîëüíîãî ðàçðåçà ëåâûõ ïî÷åê (Krinke, 2000). Êóñî÷êè
ïî÷êè ôèêñèðîâàëè â 10%-íîì ðàñòâîðå ôîðìàëèíà è çà-
êëþ÷àëè â ïàðàôèí ïî êëàññè÷åñêîé ñõåìå. Íà ìèêðîòîìå
Microm Ergostar èçãîòîâëÿëè ñðåçû òîëùèíîé 5 ìêì. Ñðå-
çû îêðàøèâàëè êëàññè÷åñêèìè ìåòîäàìè — ãåìàòîêñèëè-
íîì—ýîçèíîì (äëÿ ïîäñ÷åòà öèòîãðàìì), ïî Âàí Ãèçîíó
(äëÿ îïðåäåëåíèÿ êà÷åñòâà ñîåäèíèòåëüíîé òêàíè) — è
ïðîâîäèëè ØÈÊ-ðåàêöèþ. Äëÿ îöåíêè ìåæêëåòî÷íîãî
âåùåñòâà ïðåïàðàòû îêðàøèâàëè àëüöèàíîâûì ñèíèì,
äëÿ îïðåäåëåíèÿ êàëüöèôèêàòîâ — àëèçàðèíîâûì êðàñ-
íûì S. Ïðè îêðàøèâàíèè àëèçàðèíîâûì êðàñíûì S ïðå-
ïàðàòû ïîñëå äåïàðàôèíèðîâàíèÿ áûñòðî ñïîëàñêèâàëè â
äèñòèëëèðîâàííîé âîäå è îêðàøèâàëè â òå÷åíèå 5 ìèíóò.
Çàòåì 2 ðàçà áûñòðî îïóñêàëè â àöåòîí, 20 ðàç — â ðàñ-
òâîð àöåòîíà—êñèëîëà (1 : 1) è çàêëþ÷àëè â ñðåäó Ýóêèòò.
Êîíòðîëüíûå ïðåïàðàòû ïåðåä îêðàñêîé îáðàáàòûâàëè
5%-íûì ðàñòâîðîì àçîòíîé êèñëîòû è çàòåì ïðîâîäèëè
îêðàñêó ñðåçîâ àëèçàðèíîâûì êðàñíûì S. Íàëè÷èå êàëü-
öèÿ îöåíèâàëè ïî ñëåäóþùåé øêàëå: 0 — îòñóòñòâèå
Ñà2à, 1 — ìàëîå êîëè÷åñòâî Ñà2à, 2 — ñðåäíåå êîëè÷åñòâî
Ñà2à, 3 — áîëüøîå êîëè÷åñòâî Ñà2à. Ïðè îêðàøèâàíèè
ïðåïàðàòîâ àëüöèàíîâûì ãîëóáûì ñðåçû ïîñëå äåïàðàôè-
íèðîâàíèÿ ïîìåùàëè â 1%-íûé ðàñòâîð àëüöèàíîâîãî ãî-
ëóáîãî íà 72 ÷. Çàòåì ïðåïàðàòû ñïîëàñêèâàëè â äèñòèë-
ëèðîâàííîé âîäå 1—2 ìèí è îêðàøèâàëè â 1%-íîì ðàñ-
òâîðå íåéòðàëüíîãî êðàñíîãî â òå÷åíèå 24 ÷. Ïðåïàðàòû
äèôôåðåíöèðîâàëè â 1%-íîì ðàñòâîðå àëêîãîëÿ, îáåçâî-
æèâàëè è çàêëþ÷àëè â ñðåäó Ýóêèòò. Â çîíå ïîâðåæäåíèÿ
äëÿ öèòîãðàììû ó êàæäîãî æèâîòíîãî ïîäñ÷èòûâàëè 1000
êëåòîê. Ïðåïàðàòû èññëåäîâàëè è ôîòîãðàôèðîâàëè ïîä
ìèêðîñêîïîì Zeiss Axiophot 2.

Äëÿ èññëåäîâàíèÿ â ÒÝÌ êóñî÷êè ïî÷êè ðàçìåðîì
1ç1 ìì ôèêñèðîâàëè â 2.5%-íîì ðàñòâîðå ãëóòàðàëüäåãè-
äà íà êàêîäèëàòíîì áóôåðå (ðÍ = 7.4) â òå÷åíèå 2 ÷ ïðè
4 °Ñ è ïîñòôèêñèðîâàëè â òå÷åíèå 2 ÷ â 1%-íîì ðàñòâîðå
÷åòûðåõîêèñè îñìèÿ ïðè 4 °Ñ. Ïîñëå ôèêñàöèè è ïðîìûâ-
êè â áèäèñòèëëèðîâàííîé âîäå ìàòåðèàë îáåçâîæèâàëè â
ýòèëîâîì ñïèðòå âîçðàñòàþùåé êîíöåíòðàöèè è çàêëþ÷à-
ëè â Ýïîí 812 ïî êëàññè÷åñêîé ñõåìå.

Äëÿ ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî èññëåäîâàíèÿ èñ-
ïîëüçîâàëè òàêæå ñðåäó LR White. Êóñî÷êè ïî÷êè ðàçìå-
ðîì 1ç1 ìì ôèêñèðîâàëè â 1%-íîì ðàñòâîðå ãëóòàðàëüäå-
ãèäà íà 0.1 Ì ôîñôàòíîì áóôåðå (ðÍ = 7.2) â òå÷åíèå 2 ÷
ïðè 4 °Ñ, ïîñòôèêñèðîâàëè â òå÷åíèå 1 ÷ â 1%-íîì ðàñ-
òâîðå ÷åòûðåõîêèñè îñìèÿ ïðè 4 °Ñ. Ïîñëå ôèêñàöèè è
ïðîìûâêè â áèäèñòèëëèðîâàííîé âîäå (3 ñìåíû ïî 5 ìèí)
ìàòåðèàë îáåçâîæèâàëè â ýòàíîëå (50, 75 è 95 %) è ïîìå-
ùàëè íà 12 ÷ ïðè êîìíàòíîé òåìïåðàòóðå â ñðåäó LR
White. Äàëåå èññëåäóåìûé ìàòåðèàë çàêëþ÷àëè â æåëàòè-
íîâûõ êàïñóëàõ â ñðåäó LR White è âûäåðæèâàëè 24 ÷ â
òåðìîñòàòå ïðè 60 °Ñ. Óëüòðàòîíêèå ñðåçû áûëè èçãî-
òîâëåíû íà óëüòðàìèêðîòîìàõ ËÊÁ è Ðåéõåðò-2 ïðè ïî-
ìîùè àëìàçíîãî è ñòåêëÿííûõ íîæåé. Ñðåçû êîíòðàñòè-
ðîâàëè ðàñòâîðàìè óðàíèë-àöåòàòà è öèòðàòà ñâèíöà. Äëÿ
ñâåòîìèêðîñêîïè÷åñêèõ èññëåäîâàíèé èçãîòîâëÿëè ñðåçû
òîëùèíîé 1.0—1.5 ìêì è îêðàøèâàëè èõ ðàñòâîðîì ìåòè-

ëåíîâîãî ñèíåãî—àçóðà II. Ñðåçû èññëåäîâàëè â ÒÝÌ Phi-
lips Tecnai 10 ïðè óñêîðÿþùåì íàïðÿæåíèè 75—80 êÂ.
Ïðåïàðàòû ôîòîãðàôèðîâàëè êàìåðîé Mega View II.

Ñòàòèñòè÷åñêóþ îáðàáîòêó ðåçóëüòàòîâ ïðîâîäèëè
ïðè ïîìîùè ïðîãðàììû SPSS (îäíîôàêòîðíûé òåñò
ANOVA, òåñò Tukey è òåñò Dunnett’s).

È ñ ï î ë ü ç î â à í í û å ð å à ê ò è â û: Eosin, Hematoxy-
lin, Alizarin Red S, Alcian Blue, Schiff’s reagent (Sigma,
ÑØÀ); Brietal (Lilly GmBH, Ãåðìàíèÿ); O-Xylene, Epoxy
Embedding Medium (Epon 812), Epoxy Embedding Medium
Accelerator DMP-30 [2,4,6-Tris(dimethylaminomethyl)phe-
nol], Epoxy Embedding Medium Hardener DDSA (Dodece-
nylsuccinic anhydride), Epoxy Embedding Medium Hardener
MNA (Methyladic anhydride; Methylnorbornene-2,3-dicar-
boxylic acid anhydride) Cacodylic acid (Dimethylarsinic
acid), Glutaraldehyde Solution for electron microscopy, Os-
mium tetroxide, Acetone, Lead (II) citrate trihydrate, Methy-
lene Blue, Azure II, Eukitt (Fluka, Øâåéöàðèÿ); Uranyl ace-
tate (Chemapol, ×åõîñëîâàêèÿ); Íåéòðàëüíûé êðàñíûé
(«Ðåàõèì», Ðîññèÿ); Periodic acid cryst (Merck, ÑØÀ); LR
White Acrylic Resin, Medium, LR White Acrylic Resin, Ac-
celerator, Benzol Peroxide Stabilized (Sigma-Aldrich Chemie
GmbH, Ãåðìàíèÿ).

Ðåçóëüòàòû

Ó âñåõ ïîäîïûòíûõ æèâîòíûõ áûëî îò÷åòëèâî âûðà-
æåíî ïîâðåæäåíèå ïî÷êè â ñóáêàïñóëÿðíîé çîíå. Â çîíå
ïîâðåæäåíèÿ íàõîäèëèñü ïîâðåæäåííûå ïî÷å÷íûå òåëü-
öà, ïî÷å÷íûå êàíàëüöû è íàáëþäàëñÿ ïðîöåññ îáðà-
çîâàíèÿ ñîåäèíèòåëüíîé òêàíè. Âàñêóëÿðèçàöèÿ íîâîîá-
ðàçîâàâøåéñÿ ñîåäèíèòåëüíîé òêàíè áûëà ïëîõîé, â íåé
íàáëþäàëèñü àðòåðèîëû (òàáë. 1), íî êàïèëëÿðû âñòðå÷à-
ëèñü êðàéíå ðåäêî. Â ýòîé çîíå íàáëþäàëîñü àñåïòè÷åñêîå
âîñïàëåíèå (ìàëî ãðàíóëîöèòîâ) ñ ïðîäîëæàþùåéñÿ ôà-
çîé ìàêðîôàãîâ (òàáë. 1) è ñðàâíèòåëüíî ìåäëåííîé ðåàê-
öèåé ôèáðîáëàñòîâ. Êîëè÷åñòâî ôèáðîáëàñòîâ (òàáë. 1)
áûëî íåáîëüøèì, ÷òî îáóñëîâëåíî óäëèíåíèåì ôàç ëèì-
ôîöèòîâ è ìàêðîôàãîâ. Â òî æå âðåìÿ íàáëþäàëîñü óâå-
ëè÷åíèå êîëè÷åñòâà ôèáðîáëàñòîâ âíóòðè ãðóïïû îáëó-
÷åííûõ êðûñ, êîòîðîå äîñòîâåðíî ïîâûøàëîñü ê êîíöó
ýêñïåðèìåíòà (òàáë. 1). Â êðàåâîé çîíå ïîâðåæäåíèÿ íà-
áëþäàëàñü èíòåíñèâíàÿ èíôèëüòðàöèÿ ëèìôîöèòîâ, êîòî-
ðàÿ äîñòîâåðíî óìåíüøàëàñü ïî ìåðå ïðîäîëæåíèÿ îïûòà
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Ò à á ë è ö à 1

Öèòîãðàììà çîíû âîñïàëåíèÿ â îñòàòî÷íîé ïî÷êå, %

Ãðóïïà
æèâîò-
íûõà

Ãðàíóëî-
öèòû

Ëèìôîöèòû Ìàêðîôàãè Ôèáðîáëàñòû

I (2) 2.47 � 0.49 31.81 � 3.07á 37.06 � 4.37 28.66 � 2.40

II (2) 2.93 � 1.32 21.60 � 1.60á,ä 45.80 � 2.66 29.67 � 2.57ä

I (2) 3.18 � 1.27 25.42 � 5.69 40.02 � 3.67 30.38 � 4.41

II (4) 2.50 � 0.55 33.06 � 3.50â,ä 41.36 � 1.82 23.08 � 1.13ã,ä

I (8) 2.12 � 0.54 22.46 � 3.32 45.19 � 3.71 30.23 � 3.11

II (8) 2.15 � 0.45 16.79 � 2.12â 46.36 � 5.72 34.70 � 4.53ã

àI — ãðóïïà íåôðýêòîìèðîâàííûõ æèâîòíûõ, II — ãðóïïà
íåôðýêòîìèðîâàííûõ è îáëó÷åííûõ æèâîòíûõ; öèôðû â ñêîáêàõ —
äëèòåëüíîñòü ýêñïåðèìåíòà, íåä. áI (2) vs II (2); P < 0.05. âII (8) vs II (4);
P < 0.01. ãII (8) vs II (4); P < 0.05. äII (2) vs II (4); P < 0.05. Ñòàòèñòè÷åñêóþ
îáðàáîòêó ðåçóëüòàòîâ ïðîâîäèëè ïðè ïîìîùè ïðîãðàììû SPSS (òåñò
Tukey, òåñò Dunnett’s).



826 Ì. Àóíàïóó, Ï. Ðîîñààð è äð.

Ðèñ. 1. Ãðàíóëÿöèîííûé âàëèê (ñòðåëêà) è ðåãåíåðàò â çîíå ïîâðåæäåíèÿ. Ãðóïïà I (2).

Îêðàñêà àëüöèàíîâûì ñèíèì.

Ðèñ. 2. Ìíîãî÷èñëåííûå êîëëàãåíîâûå âîëîêíà (óêàçàíû ñòðåëêàìè) â ñîåäèíèòåëüíîé òêàíè. Ãðóïïà II (8).

Îêðàñêà àëüöèàíîâûì ñèíèì.
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Ðèñ. 3. Êóáè÷åñêèå êëåòêè íîâîãî ïî÷å÷íîãî êàíàëüöà (ñïëîøíàÿ ñòðåëêà) â ñîåäèíèòåëüíîòêàííîì ðåãåíå-
ðàòå (øòðèõîâàÿ ñòðåëêà) ìåæäó íåêðîòèçèðîâàííîé òêàíüþ. Ãðóïïà II (8).

Îêðàñêà ãåìàòîêñèëèíîì—ýîçèíîì.

Ðèñ. 4. Íîâûå ïî÷å÷íûå êàíàëüöû (óêàçàíû ñòðåëêàìè) â ñîåäèíèòåëüíîòêàííîì ðåãåíåðàòå. Ãðóïïà I (8).

Îêðàñêà ãåìàòîêñèëèíîì—ýîçèíîì.



828 Ì. Àóíàïóó, Ï. Ðîîñààð è äð.

Ðèñ. 5. Îòëîæåíèå êàëüöèôèêàòîâ (óêàçàíî ñòðåëêîé) â ïî÷êå. Ãðóïïà I (8).

Îêðàñêà àëèçàðèíîâûì êðàñíûì S.

Ðèñ. 6. Ìíîãî÷èñëåííûå êîëëàãåíîâûå âîëîêíà. Ãðóïïà II (4).

ÒÝÌ, 10 000ç (Epon 812).



(òàáë. 1). Ìåæäó çîíîé ïîâðåæäåíèÿ, îáðàçîâàííîé ñîå-
äèíèòåëüíîé òêàíüþ è ðàñïîëîæåííîé ðÿäîì ñ ïî÷å÷íîé
òêàíüþ, îáðàçîâûâàëñÿ ðàçëè÷íîé øèðèíû ãðàíóëÿöèîí-
íûé âàëèê (ðèñ. 1), ñîäåðæàùèé ñîåäèíèòåëüíóþ òêàíü —
êîëëàãåíîâûå âîëîêíà (ðèñ. 2, 6), ôèáðîáëàñòû, ìàêðîôà-
ãè è àðòåðèîëû. Òîëùèíà ãðàíóëÿöèîííîãî âàëèêà â ðàç-
íûõ îïûòàõ è â ðàçíûõ ÷àñòÿõ âàðüèðîâàëà. Âíóòðü îò
ãðàíóëÿöèîííîãî âàëèêà ðàñïîëàãàëñÿ øðàì èç ìîëîäîé
ðûõëîé ñîåäèíèòåëüíîé òêàíè, ãäå è íà 8-é íåä ýêñïåðè-
ìåíòà áûëè îáíàðóæåíû î÷àãè íåêðîçà, ñîõðàíèâøèåñÿ
ïîä âîçäåéñòâèåì ïîâðåæäàþùåãî ôàêòîðà ñ íà÷àëà ýêñ-
ïåðèìåíòà. Â õîäå ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè
ôàçû àñåïòè÷åñêîãî âîñïàëåíèÿ áûëè çàìåäëåíû, â ðåçóëü-
òàòå ÷åãî ðåïàðàòèâíàÿ ðåãåíåðàöèÿ ïðîòåêàëà ìåíåå èí-
òåíñèâíî. Ñðàâíèâàÿ ìåæäó ñîáîé äàííûå öèòîãðàììû
(òàáë. 1), ìîæíî ñêàçàòü, ÷òî íàèáîëüøèå ðàçëè÷èÿ â àê-
òèâíîñòè ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè íàáëþäà-
ëèñü íàìè â êîíöå 2-é íåä. Â ýòîì êîðîòêîì ïåðèîäå ó îá-
ëó÷åííûõ æèâîòíûõ íàáëþäàëñÿ áîëåå àêòèâíûé ïðîöåññ
ôàãîöèòîçà, ÷òî ñïîñîáñòâóåò èíòåíñèâíîìó óäàëåíèþ
ïîãèáøèõ êëåòîê è áîëåå áûñòðîìó îáðàçîâàíèþ ìîëî-
äîé ñîåäèíèòåëüíîé òêàíè. Ê êîíöó 4-é íåä íàáëþäàëîñü
çàìåäëåíèå ïðîöåññà ó æèâîòíûõ îáåèõ ãðóïï, ïðè÷åì ó

îáëó÷åííûõ æèâîòíûõ íàìè áûëî îòìå÷åíî çíà÷èòåëüíîå
óìåíüøåíèå êîëè÷åñòâà ôèáðîáëàñòîâ ïî ñðàâíåíèþ ñ
îïåðèðîâàííûìè æèâîòíûìè (òàáë. 1). Â êîíöå ýêñïåðè-
ìåíòà íàáëþäàëàñü íåçíà÷èòåëüíàÿ àêòèâèçàöèÿ ïðîöåñ-
ñîâ ðåïàðàòèâíîé ðåãåíåðàöèè.

Â çîíå ðåãåíåðàöèè ïðè äëèòåëüíîñòè ýêñïåðèìåíòà
8 íåä íàìè íàáëþäàëèñü ñëó÷àè ôîðìèðîâàíèÿ íîâûõ ïî-
÷å÷íûõ êàíàëüöåâ (ðèñ. 3, 4). Êëåòêè ýïèòåëèÿ íîâûõ ïî-
÷å÷íûõ êàíàëüöåâ áûëè êóáè÷åñêèìè, ñ ÷åòêî îáîçíà÷åí-
íûìè ãðàíèöàìè. Öèòîïëàçìà êëåòîê ýïèòåëèÿ áûëà ñâåò-
ëîé, â êëåòêå ðàñïîëàãàëîñü áîëüøîå ÿäðî êðóãëîé
ôîðìû. Ôîðìèðîâàíèÿ íîâûõ ïî÷å÷íûõ òåëåö â çîíå ðå-
ãåíåðàöèè íå íàáëþäàëîñü.

Âàæíûì ïîêàçàòåëåì ïðîèñõîäÿùèõ èçìåíåíèé ÿâëÿ-
ëîñü îòëîæåíèå êàëüöèÿ (ðèñ. 5) â îáëàñòè ðåãåíåðàöèè. Â
ïðîâåäåííîì îïûòå îáðàçîâàíèå è îòëîæåíèå êàëüöèôè-
êàòîâ ïðîõîäèëî èíòåíñèâíî â áîëåå äëèòåëüíûõ (4 è
8 íåä) îïûòàõ (òàáë. 2). Ýòî ïîêàçûâàåò, ÷òî ïàðàëëåëüíî
ñ ðåïàðàòèâíîé ðåãåíåðàöèåé â ïî÷êå ôîðìèðóþòñÿ è äå-
ãåíåðàòèâíûå èçìåíåíèÿ.

Ïðè ýëåêòðîííî-ìèêðîñêîïè÷åñêîì èññëåäîâàíèè
êëåòîê âáëèçè îòëîæåíèÿ êàëüöèôèêàòîâ íàìè áûëè îá-
íàðóæåíû èçìåíåíèÿ â ìèòîõîíäðèÿõ. Èññëåäîâàííûå
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Ò à á ë è ö à 2

Íàëè÷èå êàëüöèÿ â çîíå ðåïàðàòèâíîé ðåãåíåðàöèè

Ãðóïïà C II C IV C VIII 3 Ãð II 3 Ãð IV 3 Ãð VIII

Ca2+ 1.4 � 0.6 1.8 � 0.4 2.8 � 0.2à 0.6 � 0.4 1.6 � 0.4 1.6 � 0.4à

Ï ð è ì å ÷ à í è å. Ñ — ãðóïïû íåôðýêòîìèðîâàííûõ æèâîòíûõ; 3 Ãð — ãðóïïû îáëó÷åííûõ æèâîòíûõ; II, IV
è VIII — äëèòåëüíîñòü ýêñïåðèìåíòà 2, 4 è 8 íåä ñîîòâåòñòâåííî. àÃðóïïà Ñ VIII vs ãðóïïà 3 Ãð VIII; P < 0.05.

Ðèñ. 7. Óâåëè÷åííûå â ðàçìåðàõ ìèòîõîíäðèè ñ ïîâðåæäåííûìè êðèñòàìè. Ãðóïïà II (4).

ÒÝÌ, 8900ç (LR White).



ìèòîõîíäðèè áûëè êðóãëîé èëè âûòÿíóòîé ôîðìû è çíà-
÷èòåëüíî óâåëè÷åíû â ðàçìåðå. Êîëè÷åñòâî âíóòðåííèõ
ãðåáíåé êðèñò áûëî óìåíüøåíî, êðèñòû áûëè ïîâðåæäå-
íû è ðàñïîëàãàëèñü áåñïîðÿäî÷íî. Ìèòîõîíäðèè ñîäåð-
æàëè ýëåêòðîííî-ñâåòëûé âàêóîëèçèðîâàííûé ìàòðèêñ
(ðèñ. 7).

Îáñóæäåíèå

Èç ïîëó÷åííûõ íàìè ðåçóëüòàòîâ âèäíî, ÷òî â îñòà-
òî÷íîé ïî÷êå âîçíèêàåò îáøèðíàÿ çîíà èøåìè÷åñêîãî ïî-
ðàæåíèÿ. Ïî ñóùåñòâó ìû èìååì äåëî ñ íàñòóïàþùèì ïî-
ñëå ëèãèðîâàíèÿ êàóäàëüíûõ âåòâåé a. renalis èíôàðêòîì
ïî÷êè. Ïîñêîëüêó íàðóøåíèå êðîâîñíàáæåíèÿ â äàííîì
ýêñïåðèìåíòå ïðîäîëæàåòñÿ äëèòåëüíî, ïðîöåññ ðåâàñêó-
ëÿðèçàöèè èäåò ìåäëåííî, ïàðàëëåëüíî ïðîòåêàþò êàê ðå-
ïàðàòèâíûå, òàê è äåãåíåðàòèâíûå ïðîöåññû.

Íàáëþäàþùàÿñÿ â ïðîöåññå ðåïàðàòèâíîé ðåãåíåðà-
öèè ðåàêöèÿ ëèìôîöèòîâ è ìàêðîôàãîâ îäíîâðåìåííî ñ
ìåäëåííîé ôàçîé ôèáðîáëàñòîâ ïîäòâåðæäàåò, ÷òî ïåðâî-
íà÷àëüíî â çîíå ïîâðåæäåíèÿ ïðîäîëæàþòñÿ äåãåíåðàòèâ-
íûå èçìåíåíèÿ. Îäíèì èç ÿâíûõ ïðèçíàêîâ äåãåíåðàöèè
ÿâëÿåòñÿ îáðàçîâàíèå êàëüöèôèêàòîâ. Â èòîãå èíòåíñèâ-
íîãî íàêîïëåíèÿ êàëüöèÿ â êëåòêàõ ìû íàáëþäàëè óëüò-
ðàñòðóêòóðíûå èçìåíåíèÿ â ïåðâóþ î÷åðåäü â ìèòîõîíä-
ðèÿõ. Ìèòîõîíäðèè çíà÷èòåëüíî óâåëè÷èâàþòñÿ â ðàçìå-
ðàõ, â íèõ íàáëþäàþòñÿ èçìåíåíèÿ êðèñò, à òàêæå
âàêóîëèçàöèÿ ìàòðèêñà. Ïî íàøåìó ìíåíèþ, èçìåíåíèÿ â
ìèòîõîíäðèÿõ çàìåäëÿþò ñïîñîáíîñòü êëåòîê ê ðåïàðà-
òèâíîé ðåãåíåðàöèè. Âîçíèêøèé ïåðâîíà÷àëüíî âîêðóã
íåêðîòèçèðîâàííûõ ó÷àñòêîâ ñîåäèíèòåëüíîòêàííûé ãðà-
íóëÿöèîííûé âàëèê èçîëèðóåò â áîëüøåé ìåðå êàëüöèôè-
êàòû è çîíû íåêðîçà îò ñîõðàíèâøåéñÿ ïî÷å÷íîé òêàíè. Â
ãðàíóëÿöèîííîì âàëèêå ôèáðîáëàñòû äîâîëüíî èíòåí-
ñèâíî ïðîäóöèðóþò êîëëàãåíîâûå âîëîêíà, êîòîðûå ÿâëÿ-
þòñÿ óìåðåííî ØÈÊ-ïîëîæèòåëüíûìè. Â ðåçóëüòàòå âîç-
íèêøåé èøåìèè â ïî÷êå íàìè íàáëþäàëèñü ïðîöåññû äå-
ãåíåðàöèè ïî÷å÷íûõ êàíàëüöåâ, ÷òî ïîäòâåðæäàåòñÿ
òàêæå äàííûìè äðóãèõ àâòîðîâ (Stevens et al., 1991; Wolf,
1995; Kriz et al., 1998). Â òî æå âðåìÿ â ñîåäèíèòåëüíî-
òêàííîì ðåãåíåðàòå íàìè áûëè îáíàðóæåíû ðàñïîëîæåí-
íûå ïîîäèíî÷êå èëè ãðóïïàìè íîðìàëüíûå êëåòêè êóáè-
÷åñêîãî ýïèòåëèÿ. Â ðÿäå ñëó÷àåâ êëåòêè ýïèòåëèÿ îáðàçî-
âûâàëè óïîðÿäî÷åííûå ïîëûå òðóá÷àòûå ñòðóêòóðû, ÷òî
óêàçûâàåò íà âîçìîæíîñòü âîññòàíîâëåíèÿ â ìåñòå ïî-
âðåæäåíèÿ ïî÷å÷íûõ êàíàëüöåâ. Ñ ó÷åòîì ïîëó÷åííûõ
íàìè äàííûõ ìîæíî ñêàçàòü, ÷òî ïî÷å÷íûå êàíàëüöû îá-
ëàäàþò ñïîñîáíîñòüþ ê âíóòðèîðãàííîé ðåãåíåðàöèè â
áîëåå äëèòåëüíûå ñðîêè.

Â íàñòîÿùåå âðåìÿ àêòóàëüíûì ÿâëÿåòñÿ èññëåäîâà-
íèå ìàêðîôàãîâ, êîòîðûå èãðàþò âàæíóþ ðîëü â ïðîöåññå
ôàãîöèòîçà (Schreiner et al., 1991; Van Goor et al., 1992;
Yang et al., 1998; Taal et al., 2000). Â íàøåì ýêñïåðèìåíòå
â õîäå ðåïàðàòèâíîé ðåãåíåðàöèè â îñòàòî÷íîé ïî÷êå
ìàêðîôàãè î÷èùàëè çîíó ïîâðåæäåíèÿ îò íåïîäõîäÿùèõ
äëÿ ïðîöåññà æèçíåäåÿòåëüíîñòè òêàíåâûõ ÷àñòèö, ñîçäà-
âàÿ ýòèì óñëîâèÿ äëÿ ïðîëèôåðàöèè ìîëîäîé ñîåäèíèòåëü-
íîé òêàíè.

Ïî äàííûì íåêîòîðûõ àâòîðîâ (Van Rongen et al.,
1988; Stevens et al., 1991), îáëó÷åíèå íå îêàçûâàåò çíà÷è-
òåëüíîãî âëèÿíèÿ íà ïðîöåññ ðåãåíåðàöèè ïî÷å÷íîé òêà-
íè. Â ðåçóëüòàòå ïðîâåäåííîãî ýêñïåðèìåíòà âûÿñíèëîñü,
÷òî ïðè ïðèìåíåííîé ìàëîé äîçå îáëó÷åíèÿ äîñòîâåðíîå
ðàçëè÷èå â ñêîðîñòè ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè

ìåæäó ãðóïïàìè îòñóòñòâîâàëî. Ïî íàøåìó ìíåíèþ, ïðè-
÷èíîé ýòîãî áûëà ñëèøêîì ñëàáàÿ äîçà îáëó÷åíèÿ. Â òî
æå âðåìÿ ïîëó÷åííûå íàìè ðåçóëüòàòû, ñâèäåòåëüñòâóþ-
ùèå î ñïîñîáíîñòè ïî÷å÷íûõ êàíàëüöåâ ê âîññòàíîâëå-
íèþ, ïðèîáðåòàþò àêòóàëüíîñòü ïðè äàëüíåéøåì âûÿñíå-
íèè ìåõàíèçìîâ ðåïàðàòèâíîé ðåãåíåðàöèè è ïîçâîëÿþò
íå òîëüêî óñòàíîâèòü èçìåíåíèÿ â çîíå èøåìèè, íî è âû-
ñêàçàòü îïðåäåëåííîå ìíåíèå î ñêîðîñòè ïðîöåññà ðåïà-
ðàòèâíîé ðåãåíåðàöèè. Ïî íàøåìó ìíåíèþ, ýòîò ïðîöåññ
çàâèñèò â ïåðâóþ î÷åðåäü îò ðåâàñêóëÿðèçàöèè, äàëåå îò
èííåðâàöèè è îò õîäà àñåïòè÷åñêîãî âîñïàëåíèÿ. Äàííûå
ïî èññëåäîâàíèþ ïðîöåññà ðåïàðàòèâíîé ðåãåíåðàöèè ìî-
ãóò áûòü èñïîëüçîâàíû ïðè õèðóðãè÷åñêîì ëå÷åíèè ïî÷åê
è ïðè ïðîâåäåíèè èõ òðàíñïëàíòàöèè.
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CYTOLOGICAL STUDY OF AREA OF ISCHEMIC ALTERATION IN RAT KIDNEY
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The course of reparative regeneration after 5/6 nephrectomy and use of low-dose radiation has been studied
by means of light and electron microscopy. The experiments were performed on 30 male Wistar rats. All animal
procedures were conducted after approval of the protocol by the animal Studies Ethics Committee of the Univer-
sity of Tartu. Renal ablation was then accomplished by right nephrectomy and selective ligation of extrarenal
branches of the left renal artery such that approximately 2/3 of the left kidney was infracted. All together 30 rats
were randomised after the surgery and divided into two groups matched for age and body weight at week 0 and
studied during 2, 4 and 8 weeks: groups I (nephrectomized, n = 15), groups II (nephrectomized and irradiated,
n = = 15). Left kidney of II groups rats was irradiated (60Co) 24 h after surgery in anaesthetized (Brietal) ani-
mals with 3 Gy ina single dose. As a result of experimentally induced ischemia destruction of renal corpuscles,
perishing of tubular epithelial cells and and proliferation of connective tissue is followed. Reparative regenerati-
on is based on aseptic inflammation, duration of its phases depends on the extent of organ impairment. In ne-
phrectomized rats parallel to reparative regeneration, necrosis and deposition of calcium is found in the cortical
substance. Calcium plays important role in kidney metabolism and its increased content is characteristic to dege-
nerative changes. The experiments reveal that use of low-dose radiation does not accelerate process of reparati-
ve regeneration in rat kidney.
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