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Îñîáëèâîñò³ óëüòðàñòðóêòóðè ë³ï³äíèõ êðàïåëü
ó êë³òèíàõ ïó÷êîâî-ñ³ò÷àñòî¿ çîíè êîðè
íàäíèðêîâèõ çàëîç ùóðà in vitro

Äëÿ èçó÷åíèÿ óëüòðàñòðóêòóðû êëåòîê ïó÷êîâî-ñåò÷àòîé çîíû êîðû íàäïî÷å÷íèêîâ êðûñû,
íàõîäèâøèåñÿ â óñëîâèÿõ ïåðâè÷íîé êóëüòóðû, èñïîëüçîâàëè ìåòîäû ýëåêòðîííîé ìèêðîñêîïèè
è ìîðôîìåòðè÷åñêîãî àíàëèçà. Â êîíòðîëüíûõ óñëîâèÿõ áûëî âûäåëåíî òðè òèïà êëåòîê,
êîòîðûå îòëè÷àëèñü îñîáåííîñòÿìè óëüòðàñòðóêòóðû âíóòðèêëåòî÷íûõ îðãàíåëë.
Ïðåäñòàâëåíû äàííûå î òîì, ÷òî ëèïèäíûå êàïëè ñ ìàòðèêñîì, èìåþùåì íèçêóþ è ðàâíîìåðíóþ
ýëåêòðîííóþ ïëîòíîñòü, ÷àùå âñòðå÷àþòñÿ â êëåòêàõ, èìåþùèõ ìîðôîëîãè÷åñêèå ïðèçíàêè
âûñîêîé èíòåíñèâíîñòè ñòåðîèäîãåíåçà. Ëèïèäíûå êàïëè c ýëåêòðîííî-ïëîòíûì ìàòðèêñîì
è  îêàíòîâêîé, èìåþùåé åù¸ áîëüøóþ ýëåêòðîííóþ ïëîòíîñòü, ÷àùå ìîæíî áûëî óâèäåòü â
êëåòêàõ, ñ ìîðôîëîãè÷åñêèìè ïðèçíàêàìè íèçêîé èíòåíñèâíîñòè ñòåðîèäîãåíåçà. Àïïëèêàöèÿ
êàëüöèåâîãî èîíîôîðà À23187 èëè àäðåíîêîðòèêîòðîïíîãî ãîðìîíà ïðèâîäèëà ê óìåíüøåíèþ
äèàìåòðà ëèïèäíûõ êàïåëü è ê îäíîâðåìåííîìó óâåëè÷åíèþ ïëîòíîñòè èõ ðàñïîëîæåíèÿ â
öèòîïëàçìå. Ïðè ýòîì ëèïèäíûå êàïëè ñòàíîâèëñÿ áîëåå ïðîçðà÷íûì äëÿ ýëåêòðîíîâ è òåðÿëè
îêàíòîâêó. Òàêèì îáðàçîì, áûëî ïîêàçàíî, ÷òî ýëåêòðîííàÿ ïëîòíîñòü ìàòðèêñà ëèïèäíûõ
êàïåëü ÷óâñòâèòåëüíà ê èçìåíåíèþ êîíöåíòðàöèè èîíîâ êàëüöèÿ â öèòîïëàçìå. Ïðîöåññû,
êîòîðûå ïðèâîäÿò ê èçìåíåíèþ óëüòðàñòðóêòóðû ìàòðèêñà ëèïèäíûõ êàïåëü, âåðîÿòíî,
ñâÿçàíû ñ ïðîõîæäåíèåì ñòåðîèäîãåíåçà. Òåì íå ìåíåå, ýòîò âîïðîñ íóæäàåòñÿ â äàëüíåéøèõ
èññëåäîâàíèÿõ. Â ñòàòüå îáñóæäàåòñÿ ñïîñîáíîñòü ëèïèäíûõ êàïåëü êîíòàêòèðîâàòü ñ
ìåìáðàíàìè ãëàäêîãî ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà, ìèòîõîíäðèÿìè, ÿäåðíîé è
öèòîïëàçìàòè÷åñêîé ìåìáðàíàìè.

ÂÑÒÓÏ

Îñíîâíîþ ôóíêö³ºþ êë³òèí êîðè íàäíèðêîâèõ
çàëîç º ñèíòåç ñòåðî¿äíèõ ãîðìîí³â, ÿêèé º
äóæå ñêëàäíèì. Çîêðåìà, â íüîìó áåðóòü
ó÷àñòü ñèñòåìè åíçèì³â, ðîçòàøîâàí³ ó
ì³òîõîíäð³ÿõ òà ó ãëàäåíüêîìó åíäîïëàç-
ìàòè÷íîìó ðåòèêóëóì³. Â³äîìî, ùî ïîïåðåä-
íèêîì óñ³õ òèï³â ñòåðî¿äíèõ ãîðìîí³â º
õîëåñòåðîë, 70 % êîòðîãî äåïîíóºòüñÿ â
ë³ï³äíèõ êðàïëÿõ. Ðàí³øå ë³ï³äí³ êðàïë³
ðîçãëÿäàëèñÿ ëèøå ÿê ñêóï÷åííÿ õîëåñòåðîëó,
ÿêèé ìîæå áóòè âèêîðèñòàíèì äëÿ ñòåðî¿äî-
ãåíåçó [1]. Àëå äîñë³äæåííÿ îñòàíí³õ ðîê³â
ïîêàçàëè, ùî ë³ï³äí³ êðàïë³ ìàþòü äîñèòü
ñêëàäíó áóäîâó. Òàê, âîíè ïîêðèò³ ìåìáðà-

íîþ óòâîðåíîþ ìîíîøàðîì ôîñôîë³ï³ä³â.
Áóëî òàêîæ óñòàíîâëåíî, ùî â öüîìó
ìîíîøàð³ ³ñíóº çíà÷íà ê³ëüê³ñòü ïðîòå¿í³â,
à ñàìå: êàâåîë³í, â³ìåíòèí, àäèïîô³ë³í, glu-
cose regulatory protein, îëåî¿íè, ïåðåë³ï³íè
òîùî [14, 17]. Ïðè öüîìó ôóíêö³ÿ çãàäàíèõ
á³ëê³â, çîêðåìà ¿õ ó÷àñòü ó íàêîïè÷åíí³,
äåïîíóâàíí³ òà ìîá³ë³çàö³¿ õîëåñòåðîëó
çàëèøàºòüñÿ ìàéæå íåäîñë³äæåíîþ. Òàêèì
÷èíîì, ïîäàëüøå âèâ÷åííÿ á³îõ³ì³÷íèõ
ïðîöåñ³â, ùî â³äáóâàþòüñÿ â ë³ï³äíèõ êðàï-
ëÿõ, ìîæå ñóòòºâî çáàãàòèòè íàøå óÿâëåííÿ
ïðî ìåõàí³çì ìîá³ë³çàö³¿ õîë³ñòåðîëó äëÿ
ó÷àñò³ ó ñòåðî¿äîãåíåç³. Òàêîæ âåëèêå çíà÷åí-
íÿ ìîæå ìàòè âèâ÷åííÿ óëüòðàñòðóêòóðè
ë³ï³äíèõ êðàïåëü òà ìåõàí³çì³â ¿¿ ðåãóëÿö³¿.
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Ìåòà ö³º¿ ðîáîòè � âèâ÷åííÿ óëüòðà-
ñòðóêòóðè ë³ï³äíèõ êðàïåëü ó êîíòðîëüíèõ
óìîâàõ, ï³ñëÿ àïë³êàö³¿ àêòèâàòîðà ñòåðî¿äî-
ãåíåçó àäðåíîêîðòèêîòðîïíîãî ãîðìîíó
(ÀÊÒÃ) ³ ï³ñëÿ çá³ëüøåííÿ êîíöåíòðàö³¿ ³îí³â
êàëüö³þ ó öèòîïëàçì³.

ÌÅÒÎÄÈÊÀ

Äîñë³äè ïðîâåäåíî íà ïåðâèíí³é êóëüòóð³
êë³òèí êîðè íàäíèðêîâèõ çàëîç ùóðà.
Ìåòîäèêè ïðèãîòóâàííÿ êóëüòóðè, ô³êñàö³ÿ
ïðåïàðàò³â, ïðèãîòóâàííÿ óëüòðàòîíêèõ
çð³ç³â ³ êîíòðàñòóâàííÿ îïèñàí³ ðàí³øå [2,
9]. Åëåêòðîííî-ì³êðîñêîï³÷íèé àíàë³ç óëüò-
ðàñòðóêòóðè êë³òèí êîðè íàäíèðêîâèõ çàëîç
ïðîâîäèëè çà äîïîìîãîþ åëåêòðîííîãî
òðàíñì³ñ³éíîãî ì³êðîñêîïà (JEM 100ÑX,
ßïîí³ÿ) ïðè çá³ëüøåíí³ â³ä x 2000 äî x 40000.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Ïðîâåäåíí³ åëåêòðîííî-ì³êðîñêîï³÷í³
äîñë³äæåííÿ íàÿâíèõ ó êóëüòóð³ êë³òèí êîðè
íàäíèðêîâèõ çàëîç ùóðà äîçâîëèëè âèä³ëè-
òè ÷îòèðè òèïè êë³òèí. Êë³òèíè 1-ãî òèïó
ìàëè äîáðå ðîçâèíåíó ñ³òêó ìåìáðàí
ãëàäåíüêîãî åíäîïëàçìàòè÷íîãî ðåòèêó-
ëóìà (ãÅÏÐ). Ì³òîõîíäð³¿ â öèõ êë³òèíàõ
ìàëè ù³ëüíèé ìàòðèêñ òà âåëèêó ê³ëüê³ñòü
âåçèêóëÿðíèõ êðèñò, ù³ëüí³ ò³ëüöÿ çóñòð³÷à-
ëèñÿ äîñèòü ÷àñòî ³ ìîãëè ³íòåíñèâíî
âçàºìîä³ÿòè ç ë³ï³äíèìè êðàïëÿìè. Êë³òèíè,
ùî áóëè â³äíåñåí³ íàìè äî 2-ãî òèïó, â³ä-
ð³çíÿëèñÿ ïîð³âíÿíî ìåíøîþ ê³ëüê³ñòþ
ìåìáðàí ãÅÏÐ. Ì³òîõîíäð³¿ ó öèõ êë³òèíàõ
ïîð³âíÿíî ç öèòîïëàçìîþ ìàëè á³ëüø
ñâ³òëèé ìàòðèêñ, ïðè öüîìó òðóá÷àñò³
êðèñòè çóñòð³÷àëèñÿ ÷àñò³øå, í³æ âåçèêó-
ëÿðí³. Ù³ëüí³ ò³ëüöÿ ñïîñòåð³ãàëèñÿ ð³äøå,
í³æ ó êë³òèíàõ 1-ãî òèïó. Ñ³òêà ìåìáðàí
ãÅÏÐ ó êë³òèíàõ 3-ãî òèïó âèÿâëÿëàñÿ äóæå
ð³äêî. Ó ì³òîõîíäð³ÿõ ñïîñòåð³ãàâñÿ á³ëüø
ñâ³òëèé ìàòðèêñ, ó ÿêîìó ìîæíà áóëî
ïîáà÷èòè ãîëîâíèì ÷èíîì òðóá÷àñò³ êðèñòè,
à ù³ëüí³ ò³ëüöÿ â êë³òèíàõ 3-ãî òèïó çóñò-

ð³÷àëèñÿ äóæå ð³äêî. Ðàçîì ³ç òèì îñîáëè-
âîñò³ óëüòðàñòðóêòóðè öèõ òðüîõ òèï³â
êë³òèí äîçâîëÿþòü çðîáèòè âèñíîâîê ïðî
òå, ùî âñ³ âîíè ïîõîäÿòü ³ç ïó÷êîâî-ñ³ò-
÷àñòî¿ çîíè [1]. Äåòàëüíî îñîáëèâîñò³ óëüò-
ðàñòðóêòóðè äîñë³äæóâàíèõ êë³òèí, à òàêîæ
ìîðôîìåòðè÷í³ ðîçðàõóíêè ìè íàâîäèëè
ðàí³øå [3]. Ñë³ä çàçíà÷èòè, ùî â îòðèìàí³é
íàìè êóëüòóð³ âèÿâëÿëèñü àäðåíîêîð-
òèêîöèòè 4-ãî òèïó. Âîíè ì³ñòèëè ì³òî-
õîíäð³¿ ³ç ïëàñòèí÷àñòèìè êðèñòàìè, îòæå,
ö³ êë³òèíè ïîõîäÿòü ³ç êëóáî÷êîâî¿ çîíè êîðè
íàäíèðêîâèõ çàëîç, àëå ÷åðåç òå, ùî íà ¿¿
÷àñòêó ïðèïàäàº áëèçüêî 10 % â³ä îá�ºìó
êîðè íàäíèðêîâèõ çàëîç [1], ö³ êë³òèíè
çóñòð³÷àëèñü ó íåäîñòàòí³é ê³ëüêîñò³, òîìó
¿õ óëüòðàñòðóêòóðó íå àíàë³çóâàëè.

Óëüòðàñòðóêòóðà êë³òèí 1-ãî òèïó ñâ³ä-
÷èòü ïðî àêòèâíèé ñèíòåç íèìè ñòåðî¿äíèõ
ãîðìîí³â, êë³òèíè 3-ãî òèïó ìàëè ìîðôî-
ëîã³÷í³ îçíàêè, õàðàêòåðí³ äëÿ êë³òèí, ùî
ñèíòåçóþòü ñòåðî¿äí³ ãîðìîíè ó íåçíà÷í³é
ê³ëüêîñò³, òîä³ ÿê êë³òèíè 2-ãî òèïó çàéìàëè
ïðîì³æíå ïîëîæåííÿ [1, 4, 5, 8].

Ïðè àíàë³ç³ åëåêòðîíîãðàì íàìè áóëî
çàô³êñîâàíî íàÿâí³ñòü ë³ï³äíèõ êðàïåëü, ùî
â³äð³çíÿëèñÿ çà åëåêòðîííîþ ù³ëüí³ñòþ
ìàòðèêñó òà íàÿâí³ñòþ àáî â³äñóòí³ñòþ
åëåêòðîííî-ù³ëüíî¿ îêàíòîâêè (ðèñ. 1).
Äåÿê³ àâòîðè âæå ïðèïóñêàëè ³ñíóâàííÿ
äåê³ëüêîõ ìîðôîëîã³÷íèõ òèï³â ë³ï³äíèõ
êðàïåëü ó öèòîïëàçì³ êë³òèí êîðè íàäíèð-
êîâèõ çàëîç [13, 17].

Òàêîæ áóëî âñòàíîâëåíî, ùî óëüòðà-
ñòðóêòóðà ìàòðèêñó ë³ï³äíèõ êðàïåëü êîðå-
ëþº ç íàÿâí³ñòþ ó êë³òèí³ ìîðôîëîã³÷íèõ
îçíàê ïðèñêîðåíîãî  ñòåðî¿äîãåíåçó. Òàê,
ìàòðèêñ ë³ï³äíèõ êðàïåëü ó êë³òèíàõ 1-ãî
òèïó âèÿâèâñÿ á³ëüø ñâ³òëèì ïîð³âíÿíî ç
ìàòðèêñîì ë³ï³äíèõ êðàïåëü òèõ êë³òèí, ùî
áóëè íàìè â³äíåñåí³ äî 3-ãî òèïó. Ðàçîì ³ç
òèì åëåêòðîííî-ù³ëüíà îêàíòîâêà íà
ïåðèôåð³¿ ë³ï³äíèõ êðàïåëü, ðîçòàøîâàíèõ
ó öèòîïëàçì³ êë³òèí 3-ãî òèïó, âèÿâëÿëàñü
íàáàãàòî ÷àñò³øå, í³æ ó ìàòðèêñ³ ë³ï³äíèõ
êðàïåëü, ðîçòàøîâàíèõ ó öèòîïëàçì³ êë³òèí
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1-ãî òèïó. Îáèäâà òèïè îñì³îô³ëüíîñò³ ìàò-
ðèêñó ë³ï³äíèõ êðàïåëü ìè ìîãëè ñïîñòå-
ð³ãàòè â îäí³é êë³òèí³ àáî ó êë³òèíàõ, ðîçòà-
øîâàíèõ ïîðó÷ íà îäíîìó çð³ç³. Ï³ñëÿ àïë³-
êàö³¿ ÀÊÒÃ àáî êàëüö³ºâîãî ³îíîôîðó ë³ï³äí³
êðàïë³ âòðà÷àëè åëåêòðîííî-ù³ëüíó îêàí-
òîâêó, à ¿õ ìàòðèêñ ñòàâàâ ñâ³òëèì (ðèñ. 2).

Òàêèì ÷èíîì, ìîæíà ïðèïóñòèòè, ùî
îñì³îô³ëüí³ñòü ìàòðèêñó ë³ï³äíèõ êðàïåëü
ìîæå áóòè ïîâ�ÿçàíîþ ³ç ôóíêö³îíàëüíèì
ñòàíîì êë³òèíè ³ çíàõîäèòüñÿ ï³ä êîíòðîëåì
âíóòð³øíüîêë³òèííèõ ìåõàí³çì³â, ÷óòëèâèõ
äî êîíöåíòðàö³¿ ³îí³â êàëüö³þ. Òàêîæ ìîæíà
ïðèïóñòèòè, ùî íàÿâí³ñòü àáî â³äñóòí³ñòü

åëåêòðîííî-ù³ëüíî¿ îêàíòîâêè â ë³ï³äíèõ
êðàïëÿõ ïîâ�ÿçàí³ ³ç íàÿâí³ñòþ á³ëê³â íà ¿¿
ìåìáðàí³, çîêðåìà ãîðìîí÷óòëèâî¿ ë³ïàçè.
Àëå ëèøå ïðîâåäåííÿ ïîäàëüøèõ äîñë³ä-
æåíü äîïîìîæå âèÿâèòè ìåõàí³çìè, ùî
âïëèâàþòü íà åëåêòðîííó ù³ëüí³ñòü ìàò-
ðèêñó ë³ï³äíèõ êðàïåëü, òà ç�ÿñóâàòè ¿õ çâ�ÿ-
çîê ³ç ïåðåá³ãîì ñòåðî¿äîãåíåçó.

Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà òå, ùî
çì³íè êîíöåíòðàö³¿ ³îí³â êàëüö³þ ó öèòî-
ïëàçì³ êë³òèíè ìîæóòü òàêîæ ñóòòºâî
âïëèâàòè íà ìîðôîìåòðè÷í³ ïîêàçíèêè

Ðèñ. 1. Ïåðøèé (à) òà äðóãèé (á) òèïè îñì³îô³ëüíîñò³ ìàòðèêñó ë³ï³äíèõ êðàïåëü ó êîíòðîë³. Ëê � ë³ï³äí³ êðàïë³,
Ìò � ì³òîõîíäð³¿. Òóò ³ íà ðèñ. 2�4. Ìàñøòàá 0,5 ìêì

áà

Ðèñ. 2. Îñì³îô³ëüí³ñòü ìàòðèêñó ë³ï³äíèõ êðàïåëü ï³ñëÿ àïë³êàö³¿ ÀÊÒÃ (à), ï³ñëÿ ³íêóáàö³¿ ç ³îíîôîðîì À23187
(á). Ëê � ë³ï³äí³ êðàïë³, Ì³ò � ì³òîõîíäð³¿, Ùò � ù³ëüíå ò³ëüöå

áà
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ë³ï³äíèõ êðàïåëü. Òàê, â ë³òåðàòóð³ îïèñàíî,
ùî àïë³êàö³ÿ ÀÊÒÃ òà ³îíîôîðó âèêëèêàëà
â³ðîã³äíå çìåíøåííÿ ä³àìåòðà ë³ï³äíèõ
êðàïåëü ³ çíà÷íå â³ðîã³äíå ï³äâèùåííÿ
ù³ëüíîñò³ ¿õ ðîçòàøóâàííÿ ó öèòîïëàçì³, ùî
ìîæíà ïîÿñíèòè àêòèâ³çàö³ºþ äðîáëåííÿ
êðàïåëü [3]. Ï³äòâåðäæåííÿì íàÿâíîñò³
ïðîöåñó äðîáëåííÿ ë³ï³äíèõ êðàïåëü ìîæíà
ââàæàòè ³ñíóâàííÿ ïîäâîºíèõ êðàïåëü,
ù³ëüíî ç�ºäíàíèõ ì³æ ñîáîþ àáî çâ�ÿçàíèõ
íåøèðîêèìè ì³ñòî÷êàìè, ùî, íà íàøó
äóìêó, ìîæå â³äïîâ³äàòè ð³çíèì ñòàä³ÿì
äðîáëåííÿ (ðèñ. 3).

Äðîáëåííÿ ë³ï³äíèõ êðàïåëü ìîæå áóòè
âàæëèâèì äëÿ çá³ëüøåííÿ çàãàëüíî¿ ïëîù³
ïîâåðõí³ êîíòàêòó ì³æ êîìïàðòìåíòîì
ë³ï³äíèõ êðàïåëü òà íàâêîëèøíüîþ öèòî-
ïëàçìîþ. Â³äîìî, ùî ñàìå íà ö³é ïîâåðõí³
â³äáóâàºòüñÿ âçàºìîä³ÿ ãîðìîíî÷óòëèâî¿
ë³ïàçè (ôåðìåíòó, ùî ñïðèÿº ìîá³ë³çàö³¿
õîëåñòåðîëó äëÿ ïîòðåá ñòåðî¿äîãåíåçó) òà
åòåðèô³êîâàíîãî õîëåñòåðîëó, ùî çíàõî-
äèòüñÿ ó ìàòðèêñ³ ë³ï³äíî¿ êðàïë³ [18].

Îêð³ì çàô³êñîâàíèõ íàìè çì³í â ñòðóê-
òóð³ ìàòðèêñó ë³ï³äíèõ êðàïåëü òà â ¿õ
ìîðôîìåòðè÷íèõ ïîêàçíèêàõ, ìè òàêîæ

Îñîáëèâîñò³ óëüòðàñòðóêòóðè ë³ï³äíèõ êðàïåëü

Ðèñ. 3. Ìîæëèâ³ åòàïè (à�ã) äðîáëåííÿ ë³ï³äíèõ êðàïåëü.

áà

ãâ
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ñïîñòåð³ãàëè ñòðóêòóðí³ êîíòàêòè ë³ï³äíèõ
êðàïåëü ³ç ð³çíèìè âíóòð³øíüîêë³òèííèìè
ñòðóêòóðàìè. ßê ó êîíòðîë³, òàê ³ â äîñë³-
äàõ ìè ñïîñòåð³ãàëè ÷èñëåíí³ ñòðóêòóðí³
êîíòàêòè ì³æ ë³ï³äíèìè êðàïëÿìè òà
ì³òîõîíäð³ÿìè. Â³äîìî, ùî òàê³ êîíòàêòè
ìîæóòü ïîëåãøóâàòè òðàíñïîðò õîëåñòå-
ðîëó â³ä ì³ñöÿ éîãî äåïîíóâàííÿ â ë³ï³äíèõ
êðàïëÿõ äî ì³ñöÿ ïðîõîäæåííÿ ïåðøî¿
ðåàêö³¿ ñòåðî¿äîãåíåçó íà âíóòð³øí³é
ìåìáðàí³ ì³òîõîíäð³¿ [7]. Ìåõàí³çìè, ùî
ñïðèÿþòü ¿õ óòâîðåííþ, çàëèøàþòüñÿ
ìàëîâèâ÷åíèìè, àëå ââàæàºòüñÿ, ùî ó
ïåðåíåñåíí³ ë³ï³äíèõ êðàïåëü äî ì³òîõîíäð³é
âàæëèâó ðîëü ìîæóòü â³ä³ãðàâàòè ïðîì³æí³
ô³ëàìåíòè òà àêòèíîâ³ ì³êðîô³ëàìåíòè [7, 18].

Òàêîæ ìè ñïîñòåð³ãàëè ñòðóêòóðí³ êîí-
òàêòè ì³æ ë³ï³äíèìè êðàïëÿìè òà ãÅÏÐ. Ïðè
öüîìó ìåìáðàíè ãÅÏÐ îäíî÷àñíî ìîãëè
êîíòàêòóâàòè ³ç ì³òîõîíäð³ÿìè. Ìîæëèâî,
ùî òàêà âçàºìîä³ÿ ìîæå áóòè êîðèñíîþ
äëÿ ïåðåíåñåííÿ õîëåñòåðîëó â³ä ë³ï³äíèõ
êðàïåëü äî ì³ñöÿ ïåðøî¿ ðåàêö³¿ ñòåðî¿äî-
ãåíåçó â ì³òîõîíäð³ÿõ. Òàêå ïðèïóùåííÿ
ï³äòâåðäæóºòüñÿ ë³òåðàòóðíèìè äàíèìè
[10]. Àâòîðè ïîêàçàëè, ùî â íå ñòèìóëüî-
âàíèõ ëþòå³íåçóþ÷èì ãîðìîíîì êë³òèíàõ

Ëåéäèãà õîëåñòåðîë âèÿâëÿºòüñÿ ëèøå â
ë³ï³äíèõ êðàïëÿõ òà ïëàçìàòè÷í³é ìåìáðàí³,
òîä³ ÿê ï³ñëÿ ñòèìóëÿö³¿ éîãî ìîæíà áóëî
òàêîæ ñïîñòåð³ãàòè â ìåìáðàíàõ ãÅÏÐ ³
ì³òîõîíäð³ÿõ.

Ìîá³ë³çàö³ÿ õîëåñòåðîëó ç ë³ï³äíèõ
êðàïåëü âíàñë³äîê àêòèâàö³¿ ãîðìîíî÷óò-
ëèâî¿ ë³ïàçè â³ä³ãðàº âàæëèâó ðîëü ó
ïðèñêîðåíí³ ñòåðî¿äîãåíåçó [19]. Ðàçîì ³ç
òèì íàéá³ëüøà ê³ëüê³ñòü ãîðìîíî÷óòëèâî¿
ë³ïàçè çíàõîäèòüñÿ â ãÅÏÐ [19]. Ãîðìîíî-
÷óòëèâà ë³ïàçà ìîæå ïåðåíîñèòèñÿ äî
ìåìáðàíè ë³ï³äíèõ êðàïåëü ïðè àêòèâàö³¿
öÀÌÔ-çàëåæíèõ ìåõàí³çì³â [6, 11]. Ìîæëè-
âî, ùî íàÿâí³ñòü êîíòàêò³â ì³æ ìåìáðàíàìè
ãÅÏÐ òà ë³ï³äíèìè êðàïëÿìè ìîæå ìàòè
âàæëèâå çíà÷åííÿ äëÿ ïåðåíåñó ãîðìîí
÷óòëèâî¿ ë³ïàçè íà ìåìáðàíè ë³ï³äíèõ
êðàïåëü ³, òàêèì ÷èíîì, ïîçèòèâíî âïëèâàòè
íà ³íòåíñèâí³ñòü ñòåðî¿äîãåíåçó.

Òàêîæ ó êîíòðîë³ òà â äîñë³ä³ ìè ÷àñòî
ñïîñòåð³ãàëè íàÿâí³ñòü êîíòàêò³â ì³æ
ë³ï³äíèìè êðàïëÿìè òà ÿäðîì êë³òèíè (ðèñ.
4,à). Â³äîìî, ùî õîëåñòåðîë òà ïðîäóêòè
ìåòàáîë³çìó æèðíèõ êèñëîò ìîæóòü ðåãó-
ëþâàòè åêñïðåñ³þ äåÿêèõ ãåí³â, ùî áåðóòü
ó÷àñòü ó ðåãóëÿö³¿ òðàíñïîðòó ë³ï³ä³â ó
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áà
Ðèñ. 4. Êîíòàêòè ì³æ ë³ï³äíèìè êðàïëÿìè òà ÿäðîì êë³òèíè (à), ì³æ ë³ï³äíèìè êðàïëÿìè òà ïëàçìàòè÷íîþ ìåìáðàíîþ
(á). Ëê � ë³ï³äí³ êðàïë³, Ïì � ïëàçìàòè÷íà ìåìáðàíà, ß � ÿäðî êë³òèíè
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êë³òèí³ [16]. Òàê, õîëåñòåðîë áåðå ó÷àñòü ó
ðåãóëÿö³¿ àêòèâíîñò³ ãåíà êàâåîë³íó (á³ëêà,
ùî âèÿâëÿºòüñÿ ó ìåìáðàí³ ë³ï³äíèõ
êðàïåëü) ³ ó çàõîïëåíí³ õîëåñòåðîëó ³ç
ïîçàêë³òèííîãî ñåðåäîâèùà, à òàêîæ ó éîãî
òðàíñïîðò³ â öèòîïëàçì³ êë³òèíè [15]. Òàêèì
÷èíîì, ïðè ïîäàëüøîìó âèâ÷åíí³ ôóíêö³¿
îïèñàíèõ íàìè ñòðóêòóðíèõ êîíòàêò³â ì³æ
ë³ï³äíèìè êðàïëÿìè òà ÿäðîì  áóäå âàæ-
ëèâèì ç�ÿñóâàííÿ ìîæëèâîãî çíà÷åííÿ
öüîãî ÿâèùà äëÿ ðåãóëÿö³¿ àêòèâíîñò³
ãåíîìó êë³òèíè òà â³äïîâ³äíî¿ ìîäóëÿö³¿
ð³çíèõ âíóòð³øíüîêë³òèííèõ ïðîöåñ³â ³,
çîêðåìà, ñòåðî¿äîãåíåçó.

Âèêëèêàº ³íòåðåñ çäàòí³ñòü ë³ï³äíèõ
êðàïåëü âçàºìîä³ÿòè ³ç ïëàçìàòè÷íîþ
ìåìáðàíîþ (äèâ. ðèñ. 4,á). Â³äîìî, ùî
ïåâíà ê³ëüê³ñòü êîðòèêîñòåðîíó ìîæå
çíàõîäèòèñü  ó ë³ï³äíèõ êðàïëÿõ, à ñàìå, 65�
79 % â³ä éîãî çàãàëüíî¿ ê³ëüêîñò³ ó êë³òèí³
[12]. Îòæå, ìîæëèâî, ùî òàêà âçàºìîä³ÿ
ìîæå ñïðèÿòè ïåðåíåñåííþ ã³äðîôîáíî¿
ìîëåêóëè êîðòèêîñòåðîíó ³ç ìàòðèêñó
ë³ï³äíî¿ êðàïë³ ó ïîçàêë³òèííèé ïðîñò³ð ³
òàêèì ÷èíîì ðåàë³çîâóâàòè ñåêðåö³þ
ñòåðî¿äíèõ ãîðìîí³â.

Òàêèì ÷èíîì, ö³ äîñë³äè ïîêàçàëè
íàÿâí³ñòü äâîõ òèï³â îñì³îô³ëüíîñò³ ë³ï³ä-
íèõ êðàïåëü â êë³òèíàõ ïó÷êîâî-ñ³ò÷àñòî¿
çîíè êîðè íàäíèðêîâèõ çàëîç ùóðà, ùî
êîðåëþþòü ³ç íàÿâí³ñòþ â óëüòðàñòðóêòóð³
êë³òèíè îçíàê øâèäêîãî àáî ïîâ³ëüíîãî
ïåðåá³ãó ïðîöåñó ñòåðî¿äîãåíåçó. Òàêîæ
áóëî îïèñàíî çäàòí³ñòü ë³ï³äíèõ êðàïåëü
ôîðìóâàòè ñòðóêòóðí³ êîíòàêòè ³ç îðãàíå-
ëàìè ð³çíèõ òèï³â, ùî ìîæóòü òàêîæ ìàòè ³
ôóíêö³îíàëüíå çíà÷åííÿ.

Îòæå, îòðèìàí³ íàìè ðåçóëüòàòè ï³ä-
òâåðäæóþòü äóìêó ïðî òå, ùî ë³ï³äí³ êðàïë³
º íå ò³ëüêè ñêëàäíèìè ñòðóêòóðàìè, àëå
òàêîæ ìîæóòü âçàºìîä³ÿòè ³ç ð³çíèìè
îðãàíåëàìè, êîòð³ áåðóòü ó÷àñòü ó ñòåðî¿äî-
ãåíåç³, ùî â ñâîþ ÷åðãó ìîæå áóòè ïîâ�ÿ-
çàíèì ³ç áàãàòîãðàíí³ñòþ ðîë³, ÿêó ë³ï³äí³
êðàïë³ â³ä³ãðàþòü ó ïðîöåñ³ ñèíòåçó ñòåðî-
¿äíèõ ãîðìîí³â.

S.L. Tokar, L.M. Koval, E.N. Yavorskaya,
E.A. Lukyanetz

FEATURES  OF  LIPID  DROPLETS
ULTRASTRUCTURE  IN  RAT
ADRENOCORTICAL  CELLS  FROM  ZONA
FASCICULATA-RETICULARIS

One day cultured adrenocortical cells from zona fasciculata-
reticularis were used in morphological experiments. The elec-
tron-microscopic and imaging analysis methods were used for
the investigation of intracellular ultrastructure of these cells.
Experiments which conducted in control conditions, allowed
us to allocate three types of cells which differed by ultrastruc-
ture of the mitochondria, lipid droplets, smooth endoplasmic
reticulum and dense bodies. It was shown that lipid droplets
with light and homogeneous matrix, met more often in cells
with morphological attributes of high intensity of steroido-
genesis. On the contrary, lipid droplets, with dark matrix and
a dense edging, met more often in cells which having
morphological attributes of low intensity of steroidogenesis.
Ionophore À23187 or adrenocorticotropic hormone applica-
tion resulted in reduction of lipid droplets diameter and in
simultaneous increase in density of their arrangement in cyto-
plasm. At the same time droplet matrix became light and ho-
mogeneous in all cells. Thus, the ultrastructure of lipid droplet
matrix is sensitive to change of calcium ions concentration in
cytoplasm. Processes which result in change of lipid droplet
ultrastructure, probably, are connected to steroidogenesis,
nevertheless, this question requires further investigation. The
lipid droplets� ability to form morphological contacts with
smooth endoplasmic reticulum, mitochondria, nuclear and cel-
lular membranes is also discussed.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Ãîðäèåíêî Â.Ì., Êîçûðåöêèé Â.Ã. Óëüòðàñòðóêòóðà
æåëåç ýíäîêðèííîé ñèñòåìû. � Ê.: Çäîðîâ�ÿ, 1978. �
137 ñ.

2. Êîâàëü Ë.Ì., ßâîðñêàÿ Å.Í., Ëóêüÿíåö Å.À.,
Òîêàðü Ñ.Ë. Óëüòðàñòðóêòóðíûå õàðàêòåðèñòèêè
ñòåðîèäíûõ âåçèêóë è ìèòîõîíäðèé èç àäðåíîêîð-
òèêàëüíûõ êëåòîê áûêà// Íåéðîôèçèîëîãèÿ/Neuro-
physiology. � 2000. � 32. � Ñ. 272�274.

3. Òîêàð Ñ.Ë., Êîâàëü Ë.Ì., Ëóêüÿíåö Î.Î., ßâîðñüêà
Î.Ì. Îñîáëèâîñò³ óëüòðàñòðóêòóðè êóëüòóðàëüíèõ
êë³òèí êîðè íàäíèðêîâèõ çàëîç ùóðà ó íîðì³ òà
ï³ñëÿ àïë³êàö³¿ êàëüö³ºâîãî ³îíîôîðó À23187 òà
ÀÊÒÃ// Ô³ç³îë. æóðí. � 2004. � 50. � Ñ. 105�110.

4. Andreis P.G., Rebuffat P., Belloni A.S., Neri G.,
Cavallini L. et al. Stereological and functional
investigationson isolated adrenocortical cells: zona
fasciculata/reticularis cells of chronically ACTH-
treated rats// Cel Tissue Res. � 1989. � 258, ¹1. �
P. 43�51.

5. Bornstein S.R., Ehrhart-Bornstein M., Guse-Behling

Îñîáëèâîñò³ óëüòðàñòðóêòóðè ë³ï³äíèõ êðàïåëü



ISSN 0201-8489    Ô³ç³îë. æóðí., 2004, Ò. 50, ¹ 6 113

H., Scherbaum W.A. Structure and dynamics of adre-
nal mitochondria following stimulation with cortico-
tropin releasing hormone //Anat. Rec. � 1992. � 234,
¹2. � P. 255�262.

6. Clifford G.M., Londos C., Kraemer F.B. et al. Trans-
location of hormone-sensitive lipase and perilipin upon
lipolytic stimulation of rat adipocytes // J. Biol. Chem. �
2000. � 275, ¹7. � P. 5011�5015.

7. Hall P.F., Almahbobi G. Roles of microfilaments and
intermediate filaments in adrenal steroidogenesis //
Microsc. Res. Tech. � 1997. � 36, ¹6. � P. 463�479.

8. Koizuka S. Electron microscopic studies on the effect
of ACTH and flavin adenine dinucleotide on adreno-
cortical atrophy of hypophysectomized rat // Acta
Pathol Jpn. � 1977. � 27, ¹5. � P. 637�645.

9. Koval L.M., Yavorskaya E.N., Lukianetz E.A.
Ultrrastructural features of medullary chromaffin cell
cultures// Neurosciense. � 2000. � 96. � Ð. 639�649.

10. Mendis-Handagama S.M. Peroxisomes and intracellu-
lar cholesterol trafficking in adult rat Leydig cells
following Luteinizing hormone stimulation // Tissue Cell. �
2000. � 32, ¹ 1. � P. 102�106.

11. Morimoto C., Kameda K., Tsujita T., Okuda H.
Relationships between lipolysis induced by various
lipolytic agents and hormone-sensitive lipase in rat fat
cells // J. Lipid Res. � 2001. � 42. � P. 120�127.

12. Mrotek J.J., Mathew J.K., Curtis J.C., Johansson K.R.
A method for the isolation of lipid droplet fractions

from decapsulated rat adrenals // Steroids. � 1981. �
38, ¹2. � P. 229�241.

13. Orso E., Toth I.E., Szabo D., Szilagyi G. Changes in
adrenocortical lipid fluidity of hyperfunctioning hu-
man adrenals // J. Steroid Biochem. Mol. Biol. � 1992. �
41, ¹3�8. � P. 791�793.

14. Ostermeyer A.G., Paci J.M., Zeng Y. et al. Accumula-
tion of caveolin in the endoplasmicreticulum redirects
the protein to lipid storage droplets // J. Cell. Biol. �
2001. � 152, ¹5. � P. 1071�1078.

15. Pola A., Lutterforsta R., Lindsaya M. et al. A caveolin
dominant negative mutant associates with lipid bodies
and induces intracellular cholesterol imbalance // J.Cell.
Biol. � 2001. � 152, ¹5. � P.1057�1070.

16. Saltiel A.R. Another hormone-sensitive triglyceride
lipase in fat cells // Proc. Nat. Acad. Sci. USA. � 2000. �
97, ¹2. � P. 535�537.

17. Tauchi-Sato K., Ozeki S., Houjou H. et al. The Surface
of Lipid Droplets Is a Phospholipid Monolayer with a
Unique Fatty Acid Composition// J. Biol. Chem. �
2002. � 277, ¹46. � P. 44507�44512.

18. Thomson M. Molecular and cellular mechanisms used
in the acute phase of stimulated steroidogenesis //
Horm. Metab Res. � 1998. � 30, ¹1. � P. 16�28.

19. Wen-Jun S., Vanita N., Shailja P. et al. Adrenal Neutral
Cholesteryl Ester Hydrolase: Identification, Subcellu-
lar Distribution, and Sex Differences // Endocrinology. �
2002. � 143, ¹3. � P. 801�806.

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ ÍÀÍ Óêðà¿íè, Êè¿â
Ìàòåð³àë íàä³éøîâ
äî ðåäàêö³¿ 02.11.20004

Ñ.Ë. Òîêàð, Ë.Ì. Êîâàëü, Î.Ì. ßâîðñüêà, Î.Î. Ëóê�ÿíåöü


