
²íòåíñèâíà çàãèáåëü êë³òèí â³ä³ãðàº âàæëèâó
ðîëü ó ìîðôîãåíåç³ öåíòðàëüíèõ îðãàí³â
³ìóííî¿ ñèñòåìè [1, 2]. Âîäíî÷àñ â³äîìî, ùî
ñâîºð³äíèì ïðîÿâîì ðàä³îá³îëîã³÷íîãî ôåíî-
ìåíó º òàê çâàíà "³íòåðôàçíà çàãèáåëü
êë³òèí" íà çðàçîê àïîïòîçó, ùî íàñòàº ï³ñëÿ
ä³¿ ³îí³çóþ÷îãî âèïðîì³íþâàííÿ (²Â). Ïðîòå
â³äîìîñò³ ïðî ðîëü ðàä³àö³éíî-³íäóêîâàíîãî
àïîïòîçó â ìîðôîãåíåç³ ïåðèôåð³éíèõ îð-
ãàí³â ³ìóííî¿ ñèñòåìè [3, 4] ïðè ä³¿ íèçüêèõ
äîç ãàììà-âèïðîì³íþâàííÿ ñóïåðå÷ëèâ³. Ó
ïîïåðåäí³õ ïóáë³êàö³ÿõ [5, 6] íàìè íàâåäåí³
ïåðåêîíëèâ³ äàí³ ñòîñîâíî ³íäóêö³¿ íèçüêè-
ìè äîçàìè ãàììà-âèïðîì³íþâàííÿ àïîïòîçó
êë³òèí (ïåðåâàæíî ë³ìôîöèò³â) ó òèìóñ³ òà
áðèæîâèõ ë³ìôàòè÷íèõ âóçëàõ þâåí³ëüíèõ
ìèøåé-ñàìö³â ðàä³î÷óòëèâî¿ ë³í³¿ BALB/c. 

Ìåòà äîñë³äæåííÿ. Âèâ÷èòè ñòðóêòóðí³
îñîáëèâîñò³ ìîðôîãåíåçó á³ëî¿ ïóëüïè ñå-
ëåç³íêè þâåí³ëüíèõ ìèøåé ðàä³î÷óòëèâî¿ ë³-
í³¿ BALB/c ó ð³çí³ òåðì³íè ï³ñëÿ ä³¿ íèçüêèõ
äîç ãàììà-âèïðîì³íþâàííÿ.

Ìàòåð³àë ³ ìåòîäè. Äîñë³äæåíî ñåëåç³íêó
98 þâåí³ëüíèõ ìèøåé-ñàìö³â ðàä³î÷óòëèâî¿ ë³í³¿
BALB/c. Ó â³ö³ 6-7 ä³á ï³ñëÿ íàðîäæåííÿ 80 ï³ä-
äîñë³äíèõ òâàðèí áóëî îïðîì³íåíî íà óñòàíîâö³
Àãàò-Ð1, çàðÿä 60Ñî, ïîòóæí³ñòü äîçè 45,9 Ð/õâ,
ïîëå 20õ20 ñì, ÂÄØ – 1 ì. 40 ìèøåé ï³äëÿãàëè
çîâí³øíüîìó îäíîðàçîâîìó çàãàëüíîìó ãàììà-îï-
ðîì³íåííþ â äîç³ 0,05 Ãð (ìàëà äîçà) ³ òàêà æ
ê³ëüê³ñòü – â äîç³ 0,2 Ãð (ïðîì³æíà äîçà). Óòðè-
ìàííÿ, äîãëÿä çà òâàðèíàìè ³ âñ³ ìàí³ïóëÿö³¿ ïðî-
âîäèëè ó ÷³òê³é â³äïîâ³äíîñò³ äî ïîëîæåíü
"ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò õðåáåòíèõ
òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñïåðèìåí-
òàëüíèõ òà íàóêîâèõ ö³ëåé" (Ñòðàñáóðã, 1985).
Åâòàíàç³þ çä³éñíþâàëè ñïîñîáîì äåêàï³òàö³¿.
Ìàòåð³àë â³ä òâàðèí åêñïåðèìåíòàëüíèõ ãðóï
çàáèðàëè ÷åðåç 1, 2, 3, 5, 7 òà 10 ä³á ï³ñëÿ îïðî-
ì³íåííÿ. Îêð³ì öüîãî, òîòîæíèé ìàòåð³àë áðà-
ëè ó 18 òâàðèí êîíòðîëüíî¿ ãðóïè ç àíàëîã³÷íèìè

³íòåðâàëàìè ÷àñó. Äëÿ åëåêòðîííî-ì³êðîñêîï³÷-
íîãî äîñë³äæåííÿ ìàòåð³àë îáðîáëÿëè çàãàëüíî-
âèçíàíèìè â ñâ³òîâ³é ïðàêòèö³ ìåòîäàìè ç íàñ-
òóïíèì óì³ùåííÿì ó ñóì³ø åïîíó òà àðàëäèòó.
Ï³âòîíê³ çð³çè, îòðèìàí³ íà óëüòðàì³êðîòîì³
Tesla, ôàðáóâàëè òîëó¿äèíîâèì ñèí³ì. Óëüòðà-
òîíê³ çð³çè êîíòðàñòóâàëè óðàí³ëàöåòàòîì ³
öèòðàòîì ñâèíöþ, äîñë³äæóâàëè ³ ôîòîãðàôó-
âàëè â åëåêòðîííèõ ì³êðîñêîïàõ ÏEM – 125Ê òà
ÅÌÂ – 100 ÁÐ.

Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâî-
ðåííÿ. Íàìè âñòàíîâëåíî âèñîêó ÷óòëèâ³ñòü
ë³ìôî¿äíèõ åëåìåíò³â ñåëåç³íêè åêñïåðèìåí-
òàëüíèõ òâàðèí äî ä³¿ íèçüêèõ äîç ²Â. Ïðè öü-
îìó çìåíøóºòüñÿ ê³ëüê³ñòü ìàëèõ ë³ìôîöèò³â
òà ù³ëüí³ñòü ¿õ ðîçòàøóâàííÿ, çðîñòàþòü ÿâè-
ùà äåñòðóêö³¿. Àêòèâí³ñòü çàçíà÷åíèõ ïðî-
öåñ³â ñïåöèô³÷íà äëÿ êîæíî¿ ç ìîðôîôóíê-
ö³îíàëüíèõ çîí á³ëî¿ ïóëüïè. Çîêðåìà, â ïåð³-
àðòåð³àëüíèõ ë³ìôî¿äíèõ ìóôòàõ íà 5 äîáó
ï³ñëÿ îïðîì³íåííÿ ïðîöåñè äåñòðóêö³¿ íå
ð³çêî âèðàæåí³, à ô³ãóðè ì³òîçó ïðàêòè÷íî íå
ñïîñòåð³ãàþòüñÿ. Âîäíî÷àñ òóò âèÿâëÿºòüñÿ
á³ëüøà, í³æ ó êîíòðîë³, ê³ëüê³ñòü ïëàçìàòè÷-
íèõ êë³òèí, ùî, íà íàøó äóìêó ³ çà äàíèìè
ë³òåðàòóðè [7], º ïðÿìèì ñâ³ä÷åííÿì ðîçãîð-
òàííÿ ïëàçìàòè÷íî¿ ðåàêö³¿. Ó â³ääàëåíèõ
òåðì³íàõ ï³ñëÿ îïðîì³íåííÿ (7-10 äîáà) àê-
òèâí³ñòü ïëàçìàòè÷íî¿ ðåàêö³¿ çìåíøóºòüñÿ.

Äî âàæëèâèõ ìîðôîëîã³÷íèõ ïðîÿâ³â ä³¿
ìàëèõ äîç ²Â ïðè ìîðôîãåíåç³ ñåëåç³íêè ñë³ä
â³äíåñòè ³ âåëèêó àêòèâí³ñòü àïîïòîçíèõ
ïðîöåñ³â. Çîêðåìà, â á³ë³é ïóëüï³, ïåðèêàï³-
ëÿðíèõ ìàêðîôàã³÷íèõ ï³õâàõ òà êðàéîâ³é çî-
í³ ñåëåç³íêè îïðîì³íåíèõ òâàðèí íà 1 ³ 5 äî-
áè åêñïåðèìåíòó âèÿâëÿþòüñÿ àïîïòîçí³
ë³ìôîöèòè íà ð³çíèõ åòàïàõ òðàíñôîðìàö³¿.
Äî íàéá³ëüø òèïîâèõ ïðîÿâ³â àïîïòîçó ìà-
ëèõ ³ âåëèêèõ ë³ìôîöèò³â á³ëî¿ ïóëüïè ñåëå-
ç³íêè, íà íàøó äóìêó, ñë³ä â³äíåñòè: óù³ëü-
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íåííÿ ÿäåð, ð³çêó çâèâèñò³ñòü ¿õ êîíòóð³â, ïî-
ÿâó áóëàâîïîä³áíèõ âèïèí³â ÿäåð ³ç âì³ñòîì
ó âèãëÿä³ ñóïåðêîíäåíñîâàíîãî õðîìàòèíó,
ôîðìóâàííÿ ãëèáîêèõ ³íâàã³íàö³é òà ïåðåòÿ-
æîê ÿäåð. Íà ï³çí³øèõ ñòàä³ÿõ àïîïòîçíèõ
çì³í ³äåíòèô³êîâàí³ íàìè ³íâàã³íàö³¿ òà ïåðå-
òÿæêè ôðàãìåíòóþòü ÿäðà. Ó ãðóïàõ òâàðèí,
îïðîì³íåíèõ äîçîþ 0,2 Ãð, ³ íà 5, ³ íà 10 äî-
áó àïîïòîçó ï³äëÿãàþòü âåëèê³ ãðóïè ïåðè-
âàñêóëÿðíî çîð³ºíòîâàíèõ ë³ìôîöèò³â (ðèñó-
íîê), à òàêîæ îêðåì³ ðåòèêóëÿðí³ êë³òèíè
ñòðîìè.

Ïîðÿä ç öèì ñóòòºâî çðîñòàº ìàêðîôà-
ã³÷íà àêòèâí³ñòü êë³òèí, ùî â ñâîþ ÷åðãó íå-
ïðÿìî ñâ³ä÷èòü ïðî ìàñîâó äåñòðóêö³þ ë³ì-
ôî¿äíèõ åëåìåíò³â. Âàæëèâî çàçíà÷èòè, ùî
â³äíîñíî ìåíøå âèðàæåí³ ö³ ïðîöåñè ó ãåð-
ì³íàòèâíèõ öåíòðàõ ë³ìôàòè÷íèõ ôîë³êóë³â.
Ó ö³ëîìó íà 5-10 äîáè åêñïåðèìåíòó íàìè
âñòàíîâëåíî òèïîâó àêòèâàö³þ ìàêðîôàã³â
ñåëåç³íêè, ÿêà çà ìàñøòàáàìè íàâ³òü âèïå-
ðåäæàº àïîïòîçí³ çì³íè ë³ìôîöèò³â. Ìàêðî-
ôàãàì ñåëåç³íêè ïðèòàìàííà íàÿâí³ñòü âåëè-

êî¿ ê³ëüêîñò³ çàëèøêîâèõ ò³ëåöü òà ôàãîë³çî-
ñîì. Ôàãîöèòîâàíèé ìàòåð³àë çà ðîçì³ðàìè,
ù³ëüí³ñòþ ³ êîíñèñòåíö³ºþ ìîæå áóòè ³äåí-
òèô³êîâàíèé ÿê ðåøòêè àïîïòîçíèõ ò³ë. Çà-
çíà÷åíó àêòèâí³ñòü ìàêðîôàã³â ìîæíà ïîâ'ÿ-
çàòè ç ¿õ áåçïîñåðåäíüîþ ÷óòëèâ³ñòþ äî çàñ-
òîñîâàíîãî â åêñïåðèìåíò³ ãàììà-âèïðîì³-
íþâàííÿ, à òàêîæ, çà äàíèìè ë³òåðàòóðè [8],
ç³ çì³íàìè â ì³êðîîòî÷åíí³. Îñòàíí³, íà íàøó
äóìêó, â ðàíí³õ òåðì³íàõ åêñïåðèìåíòó ùå
íå â³çóàë³çóþòüñÿ ñòðóêòóðíî. Âîäíî÷àñ íå
âèêëþ÷àºòüñÿ, ùî ìàêðîôàãè ñåëåç³íêè çà-
ä³ÿí³ â êàñêàäíèõ àïîïòîçíèõ ïðîöåñàõ ÿê ¿õ
ìîäóëÿòîðè, ïîñèëþþ÷è àïîïòîãåíí³ åôåêòè
²Â [7]. Ç³ñòàâëÿþ÷è ôàãîöèòàðíó àêòèâí³ñòü
ìàêðîôàã³â ÷åðâîíî¿ ³ á³ëî¿ ïóëüïè òà êðàéî-
âî¿ çîíè ñåëåç³íêè ìèøåé ç òàêîþ â áðèæî-
âèõ ë³ìôàòè÷íèõ âóçëàõ ³ âèëî÷êîâ³é çàëîç³
[5, 6], ñë³ä çàçíà÷èòè âèñîêó ¿¿ åôåêòèâí³ñòü ó
ñåëåç³íö³ ñòîñîâíî çàáåçïå÷åííÿ ÿê³ñíî¿ åë³-
ì³íàö³¿ àïîïòîçíèõ ò³ë. Ó äîâåðøåííÿ ïðî öå
ñâ³ä÷èòü â³äñóòí³ñòü äåãðàäîâàíèõ àïîïòîç-
íèõ ë³ìôîöèò³â òà àïîïòîçíèõ ò³ë.

Ðèñ. Ãðóïà àïîïòîçíèõ ë³ìôîöèò³â ó ïåðèêàï³ëÿðí³é ìàêðîôàã³÷í³é ï³õâ³ ñåëåç³íêè ìèø³ ÷åðåç 5 ä³á
ï³ñëÿ îïðîì³íåííÿ â äîç³ 0,2 Ãð. Åëåêòðîííà ì³êðîôîòîãðàô³ÿ. Çá. õ10000

1 – àïîïòîçí³ ë³ìôîöèòè; 2 – ïðîñâ³ò ãåìîêàï³ëÿðà.



Âèñíîâêè. 1. Çàãàëüíå îäíîðàçîâå òî-
òàëüíå γ-îïðîì³íåííÿ þâåí³ëüíèõ ìèøåé-
ñàìö³â ðàä³î÷óòëèâî¿ ë³í³¿ BALB/c ó äîçàõ
0,05 Ãð ³ 0,2 Ãð ³íäóêóº àïîïòîç ë³ìôî¿äíèõ
³ ñòðîìàëüíèõ åëåìåíò³â ð³çíèõ ñòðóêòóð-
íèõ çîí ñåëåç³íêè, ùî, â ñâîþ ÷åðãó, ÿê³ñíî
ìîäèô³êóº ìîðôîãåíåç îðãàíà. 2. ²äåíòèô³-
êîâàíèé íàìè àïîïòîç ë³ìôîöèò³â ï³ñëÿ ä³¿
γ-îïðîì³íåííÿ â äîçàõ 0,05 Ãð ³ 0,2 Ãð ñó-
ïðîâîäæóºòüñÿ çíà÷íîþ àêòèâí³ñòþ ôàãî-
öèòàðíî¿ ðåàêö³¿ ìàêðîôàã³â ð³çíèõ ñòðóê-
òóðíèõ çîí ñåëåç³íêè, ùî çàñâ³ä÷óº âèñîêó
åôåêòèâí³ñòü ëîêàëüíî¿ (îðãàííî¿) çàõèñíî¿
ðåàêö³¿.

Ïåðñïåêòèâè íàóêîâîãî ïîøóêó. Ïðè
ïîäàëüøèõ äîñë³äæåííÿõ, íà íàøó äóìêó,
âàæëèâî âèð³øèòè ïèòàííÿ ùîäî ïðèðîäè
ñòðóêòóðíèõ ìåõàí³çì³â, ÿê³ çàáåçïå÷óþòü
ïåðåì³ùåííÿ íîðìàëüíèõ òà àïîïòîçíèõ ë³ì-
ôîöèò³â ç öåíòðàëüíèõ îðãàí³â ³ìóííî¿ ñèñ-
òåìè â ïåðèôåð³éí³ ÿê â íîðì³, òàê ³ çà óìîâ
ä³¿ ³îí³çóþ÷îãî âèïðîì³íþâàííÿ. Òàêîæ âàæ-
ëèâî ç'ÿñóâàòè ïðèðîäó òàêî¿ ÿê³ñíî¿ ³, âîäíî-
÷àñ, çíà÷íî¿ ôàãîöèòàðíî¿ àêòèâíîñò³ ìàêðî-
ôàã³â ç ð³çíèõ ñòðóêòóðíèõ çîí ñåëåç³íêè îï-
ðîì³íåíèõ ìàëèìè äîçàìè ðàä³àö³¿ ìèøåé
ïðè çàáåçïå÷åíí³ íèìè ïîâíîö³ííî¿ åë³ì³íàö³¿
äåãðàäîâàíèõ ë³ìôîöèò³â ³ àïîïòîçíèõ ò³ë. 
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Ðåçþìå. Ìåòîäîì òðàíñì³ñ³éíî¿ åëåêòðîííî¿
ì³êðîñêîï³¿ âèâ÷àëè ñòðóêòóðí³ îñîáëèâîñò³
ìîðôîãåíåçó á³ëî¿ ïóëüïè ñåëåç³íêè þâåí³ëü-
íèõ ìèøåé-ñàìö³â ðàä³î÷óòëèâî¿ ë³í³¿ BALB/c
ó ð³çí³ òåðì³íè ï³ñëÿ ä³¿ íèçüêèõ äîç ãàììà-
âèïðîì³íþâàííÿ. Çàãàëüíå îäíîðàçîâå òî-
òàëüíå γ-îïðîì³íåííÿ ìèøåé â äîçàõ 0,05 Ãð
³ 0,2 Ãð ÿê³ñíî ìîäèô³êóº ìîðôîãåíåç îðãàíà
çàâäÿêè ³íäóêö³¿ àïîïòîçó ë³ìôî¿äíèõ ³ ñòðî-
ìàëüíèõ åëåìåíò³â ð³çíèõ ñòðóêòóðíèõ çîí
ñåëåç³íêè. ²äåíòèô³êîâàíèé íàìè àïîïòîç
ë³ìôîöèò³â ï³ñëÿ ä³¿ γ-îïðîì³íåííÿ ñóïðîâîä-
æóºòüñÿ çíà÷íîþ àêòèâí³ñòþ ôàãîöèòàðíî¿
ðåàêö³¿ ìàêðîôàã³â ð³çíèõ ñòðóêòóðíèõ çîí
ñåëåç³íêè. 
Êëþ÷îâ³ ñëîâà: ìîðôîãåíåç, ñåëåç³íêà, àïî-
ïòîç, ë³ìôîöèòè, ðàä³àö³ÿ.

MORPHOGENESIS OF THE SPLEEN WHITE
PULP AFTER ACTION OF LOW DOSES OF
IONIZING GAMMA-RADIATION

A.P.Motuliak

Abstract. The author has studied the structural
peculiarities of morphogenesis of juvenile male
mice of the radiosensitive BALB/c line during
different terms after the action of low doses of
γ-radiation by means of transmission electronic
microscopy. A general single total γ-radiation of
mice in doses 0.05 Gr and 0.2 Gr qualitatively
modifies morphogenesis of the organ owing to
induced apoptosis of the lymphoid and stromal
elements of different structural zones of the
spleen. The apoptosis of lymphocytes identified
by the author is accompanied by a considerable
activity of the macrophagal phagocytic reaction
of different structural zones of the spleen after
the action of γ-radiation. 
Key words: morphogenesis, spleen, apoptosis,
lymphocytes, gamma-radiation. 
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