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Âñòóï
Âòîðèííà “ñèë³êîíîâà” ãëàóêîìà º îäíèì ç íàéãð³çí³-

øèõ óñêëàäíåíü åìóëüãàö³¿ ñèë³êîíîâî¿ îë³¿ (ÑÎ) ï³ñëÿ îïå-
ðàòèâíèõ âòðó÷àíü ç ïðèâîäó â³äøàðóâàííÿ ñ³òê³âêè ó
ïàö³ºíò³â ç ì³îï³ºþ âèñîêîãî ñòóïåíÿ (ÌÂÑ).

Ïðè åìóëüãàö³¿ ÑÎ ïîäð³áíþºòüñÿ íà áóëüáàøêè,
á³ëüøå 60% ÿêèõ ìàþòü â ä³àìåòð³ ðîçì³ð 0,1 ìêì òà ìåí-
øå. Äð³áí³, íåâèäèì³ ïðè ãîí³îñêîï³¿, áóëüáàøêè ëåãêî
ïðîíèêàþòü ÷åðåç îòâîðè òðàáåêóëÿðíî¿ ñ³òêè òà çàïîâ-
íþþòü ïðîñâ³ò òðàáåêóëè, âèêëèêàþ÷è ïðè öüîìó âòîðèí-
íó ã³ïåðòåíç³þ, ÷àñòî ñò³éêó äî ìåäèêàìåíòîçíî¿ òåðàï³¿.
Ïðè ÌÂÑ ÷åðåç îñîáëèâîñò³ àíàòîì³÷íèõ ñï³ââ³äíîøåíü
ñòðóêòóð ïåðåäíüîãî â³äð³çêó îêà íàâ³òü íåçíà÷í³ ïîðó-
øåííÿ â³äòîêó âîëîãè ïåðåäíüî¿ êàìåðè ìîæóòü ïðèçâåñ-
òè äî ï³äâèùåííÿ âíóòð³øíüîî÷íîãî òèñêó òà âèêëèêàòè
ãëàóêîìàòîçí³ çì³íè [7]. Êë³òèíè òðàáåêóëè, ÿê³ º îñíîâ-
íîþ ñòðóêòóðíîþ îäèíèöåþ òðàáåêóëÿðíî¿ ñ³òêè, îäí³ ç
ïåðøèõ êîíòàêòóþòü ç áóëüáàøêàìè ñèë³êîíó ïðè åìóëü-
ãàö³¿ ÑÎ.

Äîñë³äæåííÿ âçàºìîä³¿ ÷àñòî÷îê åìóëüãîâàíî¿ ÑÎ ³ç
ñòðóêòóðàìè òðàáåêóëÿðíî¿ ñèñòåìè íà êë³òèííîìó ð³âí³
çàëèøàºòüñÿ àêòóàëüíèì.

Ìåòà ðîáîòè: äîñë³äèòè â óìîâàõ åêñïåðèìåíòó êë³òèíí³
åôåêòè áóëüáàøîê åìóëüãîâàíî¿ ÑÎ íà êóëüòóð³ êë³òèí ë³í³¿
L929, ÿê ìîäåë³ êë³òèíè in vitro.

Ìàòåð³àëè ³ ìåòîäè.
Äëÿ äîñë³äæåííÿ áóëî âçÿòî12 çðàçê³â çàâèñ³â áóëüáà-

øîê åìóëüãîâàíî¿ ÑÎ ïðè ïðîìèâàíí³ ïåðåäíüî¿ êàìåðè
ï³ñëÿ îïåðàö³é ç ïðèâîäó â³äøàðóâàííÿ ñ³òê³âêè ó ïàö³ºíò³â
ç ÌÂÑ (ïåðåäíüîçàäíÿ â³ñü ñòàíîâèëà â³ä 27,6 äî 32,08 ìì).
Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïðîâîäèëèñÿ íà êóëüòóð³
ïåðåùåïëþâàíèõ êë³òèí (ë³í³ÿ L929), ÿê³ áóëè îáðàí³ äëÿ
äîñë³äæåííÿ ÿê ìîäåëü ïðîë³ôåðóþ÷î¿ â³òàëüíî¿ êë³òèíè
in vitro. Êóëüòèâóâàííÿ êë³òèí ç çàâèñàìè áóëüáàøîê åìóëü-
ãîâàíî¿ ÑÎ çä³éñíþâàëè çà çàãàëüíîïðèéíÿòèìè ìåòîäà-
ìè ðîáîòè ç êóëüòóðàëüíèìè øòàìàìè [2] ó ïîæèâíîìó
ñåðåäîâèù³ òàêîãî ñêëàäó: ñåðåäîâèùå RPMI-1640 (90%),
åìáð³îíàëüíà òåëÿ÷à ñèðîâàòêà (10%) òà ãåíòàì³öèí ³ç
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ðîçðàõóíêó 10 ìêã/ìë. Êë³òèíí³ åôåêòè îö³íþâàëè ó ð³çí³
òåðì³íè êóëüòèâóâàííÿ (ç 1 ïî 5 äîáó) çà ïîêàçíèêàìè
æèòòºçäàòíîñò³: âèæèâàííÿ êë³òèí, ì³òîòè÷íà àêòèâí³ñòü
òà ãåòåðîãåíí³ñòü ïîïóëÿö³¿ êë³òèí çà ³íäåêñîì áàãàòîÿäåð-
íèõ êë³òèí – ïîë³êàð³îöèò³â. Îäíî÷àñíî â ³íòàêòíèõ òà äîñ-
ë³äíèõ êóëüòóðàõ êë³òèí íà ïðîòîêîâîìó öèòîôëþîðèìåòð³
FACStar Plus ô³ðìè “Becton Dickinson” (ÑØÀ) âèçíà÷àëè
àïîïòîç. Ðîçì³ðè áóëüáàøîê ñèë³êîíó âèçíà÷àëè òà îö³-
íþâàëè íà ïëîù³ 1 ñì2 çà äîïîìîãîþ ìåòðîìåòðè÷íî¿
ë³í³éêè-øàáëîíà ç îá’ºêòàìè çàäàíîãî ðîçì³ðó, ç âèêîðè-
ñòàííÿì ì³êðîñêîïà ô³ðìè Carl Zeiss “Axioplan” ïðè
çá³ëüøåíí³ ó 1000 ðàç³â. Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â
ïðîâîäèëè ç âèêîðèñòàííÿì t-êðèòåð³þ Ñòüþäåíòà òà çà
äîïîìîãîþ ïàêåò³â ïðèêëàäíèõ ïðîãðàì Microsoft Excel
òà Biostat.

Ðåçóëüòàòè òà îáãîâîðåííÿ.
Â ³íòàêòíîìó êîíòðîë³ êë³òèíè ë³í³¿ L929 óòâîðþþòü

ù³ëüíèé ìîíîøàð ç òèïîâèõ ô³áðîáëàñòîïîä³áíèõ êë³òèí
âåðåòåíîïîä³áíî¿, îêðóãëî¿ àáî îâàëüíî¿ ôîðìè ç äâîìà
àáî á³ëüøå â³äðîñòêàìè. Â öèòîïëàçì³ á³ëüøîñò³ êë³òèí
ïðèñóòí³ ñâ³òë³ âàêóîë³ òà ìàëåíüê³ ãðàíóëè. ßäðà êë³òèí
â³äíîñíî âåëèê³, çóñòð³÷àþòüñÿ îêðåì³ äâîõÿäåðí³, à òàêîæ
ã³ïåðõðîìí³ êë³òèíè. Ó ïîë³ çîðó ñïîñòåð³ãàþòüñÿ 2–5
êë³òèí íà ñòàä³¿ ïîä³ëó (ðèñ.1, À). Äëÿ ³íòàêòíèõ êë³òèí õà-
ðàêòåðíå çá³ëüøåííÿ ïðîë³ôåðàòèâíî¿ àêòèâíîñò³ âïðî-
äîâæ 1–5 äîáè êóëüòèâóâàííÿ (ôàçà ëîãàðèôì³÷íîãî ðîñ-
òó) ç ïîñòóïîâèì âèõîäîì íà ïëàòî íà 5– 6-òó äîáó (ôàçà
ñòàö³îíàðíîãî ðîñòó). Ù³ëüí³ñòü ìîíîøàðó êë³òèí ó ö³
òåðì³íè º íàéâèùîþ. Íà 3-þ äîáó êóëüòèâóâàííÿ ñïîñòå-
ð³ãàºòüñÿ ìàêñèìóì ì³òîòè÷íî¿ àêòèâíîñò³. Ó ïîäàëüøî-
ìó ì³òîòè÷íèé ³íäåêñ çìåíøóâàâñÿ çà ðàõóíîê êîíòàêòíî-
ãî ³íã³áóâàííÿ ì³òîçó òà êîíôëóåíòíîãî ñòàíó êóëüòóðè
êë³òèí. ²íäåêñ ã³ãàíòñüêèõ ïîë³êàð³îöèò³â â ³íòàêòíîìó êîí-
òðîë³ ñòàíîâèâ 8–17 %.

Çà óìîâ ³íêóáàö³¿ êë³òèí ç çàâèñîì áóëüáàøîê åìóëü-
ãîâàíî¿ ÑÎ áóëî âèÿâëåíî çìåíøåííÿ âèæèâàííÿ êë³òèí
ïðè çáåðåæåí³é ÷è íàâ³òü ï³äâèùåí³é ¿õ ì³òîòè÷í³é àêòèâ-
íîñò³ (ðèñ. 2).
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Ðèñ 1. Êóëüòóðà êë³òèí ë³í³¿ L929 ïðè ³íêóáàö³¿ ç áóëüáàøêàìè åìóëüãîâàíî¿ ÑÎ íà 4-òó äîáó êóëüòèâóâàííÿ:
À – ³íòàêòíèé êîòðîëü; Â – ³íêóáàö³ÿ ç ÑÎ, ñïîñòåð³ãàºòüñÿ çìåíøåííÿ ù³ëüíîñò³ ìîíîøàðó òà ôàãîöèòîç äð³áíèõ

áóëüáàøîê ÑÎ êë³òèíàìè L929; Ñ – â³äì³÷àºòüñÿ ôàãîöèòîç äð³áíèõ áóëüáàøîê ÑÎ ïîë³êàð³îöèòàìè. Çá³ëüøåííÿ õ1000.

Çà äàíèìè äîñë³äæåííÿ íà 4-òó äîáó êóëüòèâóâàííÿ
ñïîñòåð³ãàëîñü çíèæåííÿ ù³ëüíîñò³ êë³òèííîãî ìîíîøà-
ðó, ùî â³äïîâ³äàº çíèæåííþ âèæèâàííÿ êë³òèí. Âîäíî÷àñ
ñïîñòåð³ãàëèñÿ ÿâèùà ôàãîöèòîçó (ðèñ.1, Â).

Áóëüáàøêè ÑÎ ðîçì³ðîì 0,1 ìêì òà ìåíøå ðåºñòðóâà-
ëèñÿ â öèòîïëàçì³ êë³òèí ³ç çáåðåæåííÿì êë³òèííî¿ ìåìá-
ðàíè. Êë³òèíè â îñíîâíîìó çáåð³ãàëè ñâîþ ôîðìó, ïðîòå
çá³ëüøóâàëèñÿ ó ðîçì³ðàõ. Ìíîæèíí³ òà á³ëüø³ çà ðîçì³-
ðîì áóëüáàøêè åìóëüãîâàíî¿ ÑÎ áóëè çàðåºñòðîâàí³ ó öèòî-
ïëàçì³ ïîë³êàð³îöèò³â, ÿê³ òàêîæ ïðîÿâëÿëè ôàãîöèòàðíó
àêòèâí³ñòü (ðèñ.1, Ñ). Éìîâ³ðíî, ôàãîöèòîâàí³ íåðîç÷èíí³
áóëüáàøêè åìóëüãîâàíî¿ ÑÎ ïîðóøóâàëè ìåòàáîë³çì
êë³òèí ë³í³¿ L929, çíèæóþ÷è â òàêèé ñïîñ³á ¿õíº âèæèâàííÿ.

Òðàáåêóëÿðí³ êë³òèíè, ÿê³ º îäíèì ³ç íàé÷èñåëüí³øèõ
ñòðóêòóðíèõ åëåìåíò³â òðàáåêóëÿðíî¿ ñ³òêè, âîëîä³þòü âè-
ñîêîþ ôàãîöèòàðíîþ àêòèâí³ñòþ [12]. Ïðîòÿãîì æèòòÿ âîíè
ôàãîöèòóþòü çåðíà ï³ãìåíòó òà ³íø³ äð³áí³ ÷àñòèíè. Áàçóþ-
÷èñü íà äàíèõ ïðîâåäåíîãî åêñïåðèìåíòó, ìîæíà âèñóíó-
òè ã³ïîòåçó, ùî òðàáåêóëÿðí³ êë³òèíè ôàãîöèòóþòü áóëüáàø-
êè åìóëüãîâàíî¿ ÑÎ. Öå ìîæå ïðèçâîäèòè äî ïîðóøåííÿ
êë³òèííîãî ìåòàáîë³çìó, çá³ëüøåííÿ êë³òèí ó ðîçì³ðàõ òà
çâóæåííÿ çà ðàõóíîê öüîãî ïðîñâ³ò³â òðàáåêóëÿðíî¿ ñ³òêè.

Âèñíîâêè.
1. ²íêóáàö³ÿ êë³òèí ë³í³¿ L929 ç áóëüáàøêàìè åìóëüãî-

âàíî¿ ÑÎ ïðèçâîäèòü äî çíèæåííÿ âèæèâàííÿ êë³òèí òà
çìåíøåííÿ ù³ëüíîñò³ ìîíîøàðó êóëüòóðè.

2. Ôàãîöèòîç áóëüáàøîê åìóëüãîâàíî¿ ÑÎ ðîçì³ðîì
0,1 ìêì òà ìåíøå êë³òèíàìè ë³í³¿ L929 ñïðèÿâ çá³ëüøåííþ
ðîçì³ð³â êë³òèí òà ïîðóøåííþ ¿õíüîãî ìåòàáîë³çìó ³ç çíè-
æåííÿì âèæèâàííÿ êóëüòóðè.

3. Âèÿâëåííÿ áóëüáàøîê åìóëüãîâàíî¿ ÑÎ çà äîïî-
ìîãîþ ãîí³îñêîï³¿ ï³ñëÿ îïåðàòèâíèõ âòðó÷àíü ç ïðèâîäó
â³äøàðóâàííÿ ñ³òê³âêè ó ïàö³ºíò³â ç ÌÂÑ ìîæå ñëóæèòè
ìàðêåðîì íàÿâíîãî ôàãîöèòîçó â òðàáåêóëÿðí³é ñèñòåì³
ç ïîðóøåííÿì â³äòîêó âîëîãè ïåðåäíüî¿ êàìåðè, çà ðàõó-
íîê çâóæåííÿ ïðîñâ³ò³â òðàáåêóë.

Ðåöåíçåíò: ÷ë.-êîð. ÍÀÌÍ Óêðà¿íè, ä.ìåä.í.,
ïðîôåñîð Æàáîºäîâ Ã.Ä.
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Ðåçþìå: Ïîâûøåíèå ðèñêà ðàçâèòèÿ “ñèëèêîíîâîé”
ãëàóêîìû ó ïàöèåíòîâ ñ ìèîïèåé âûñîêîé ñòåïåíè ïîñ-
ëå çàäíåé çàêðûòîé âèòðýêòîìèè ñâÿçàíî ñ îñîáåííîñ-
òÿìè ñòðîåíèÿ ïåðåäíåãî îòðåçêà ãëàçà. Èçó÷åíèå
âçàèìîäåéñòâèÿ ïóçûðüêîâ ýìóëüãèðîâàíîãî ñèëèêîíî-
âîãî ìàñëÿ (ÑÌ) ñî ñòðóêòóðàìè òðàáåêóëÿðíîé ñåòêè íà
êëåòî÷íîì óðîâíå îñòàåòñÿ àêòóàëüíûì. Êëåòî÷íûå ýô-
ôåêòû ïóçûðüêîâ åìóëüãèðîâàíîãî ÑÌ èçó÷àëè ïðè êóëü-
òèâèðîâàíèè èõ ñ êóëüòóðîé ïåðåâèâíûõ êëåòîê ëèíèè
L929, êàê ìîäåëè âèòàëüíîé êëåòêè in vitro. Áûëî óñòà-
íîâëåíî, ÷òî êëåòêè ëèíèè L929 ôàãîöèòèðóþò ïóçûðüêè
ÑÌ ðàçìåðîì 0,1 ìêì è ìåíüøå. Êàê ñëåäñòâèå, êëåòêè
óâåëè÷èâàþòñÿ â ðàçìåðå, ïëîòíîñòü èõ ìîíîñëîÿ óìåíü-
øàåòñÿ, íàðóøàåòñÿ èõ ìåòàáîëèçì è ñíèæàåòñÿ âûæè-
âàíèå êëåòîê. Èñõîäÿ èç äàííûõ èññëåäîâàíèÿ ìîæíî
ïðåäïîëîæèòü, ÷òî òðàáåêóëÿðíûå êëåòêè ôàãîöèòèðó-
þò ïóçûðüêè ýìóëüãèðîâàíîãî ÑÌ, óâåëè÷èâàþòñÿ â ðàç-
ìåðå, çà ñ÷åò ÷åãî ñóæàåòñÿ ïðîñâåò òðàáåêóëû ñ âîç-
ìîæíûì ïîâûøåíèåì âíóòðèãëàçíîãî äàâëåíèÿ. Âûÿâ-
ëåíèå ïóçûðüêîâ ÑÌ ïðè ãîíèîñêîïèè ó ïàöèåíòîâ ñ
ìèîïèåé âûñîêîé ñòåïåíè ìîæåò ñëóæèòü ìàðêåðîì
íàëè÷èÿ ôàãîöèòîçà â òðàáåêóëÿðíîé ñèñòåìå è óõóäøå-
íèÿ îòòîêà âëàãè ïåðåäíåé êàìåðû.

Êëþ÷åâûå ñëîâà: “ñèëèêîíîâàÿ” ãëàóêîìà, ìèîïèÿ
âûñîêîé ñòåïåíè, ïóçûðüêè ýìóëüãèðîâàíîãî ñèëèêîíî-
âîãî ìàñëà, êóëüòóðà êëåòîê ëèíèè L929, ôàãîöèòîç, êëåòêè
òðàáåêóëû.

CELLULAR EFFECTS STUDY IN VITRO
OF EMULCIFIED SILICON OIL AFTER RETINAL
DETACHMENT SURGERIES IN PATIENTS WITH

HIGH GRADE MYOPIA

L.Lytvynchuk 1, A.Sergienko 1, G. Lavrenchuk 2

1 Kyiv Eye Microsurgery Center,
Kyiv, Ukraine
2 State Institution “Research Center for Radiation
Medicine of Academy of Medical Sciences
of Ukraine” Laboratory of Cell Radiobiology,
Kyiv, Ukraine

Summary. High risk of silicon oil induced glaucoma
development in patients with high grade myopia after retinal
detachment surgeries is present due to structural specifics
of anterior chamber. Study of interaction between emulsified
silicon oil (SO) bubbles and trabecular meshwork on cellular
level is of interest at this time. Cellular effects of emulsified
silicon oil bubbles were studied during cultivation with cell
strain L929, as a model of vital cell in vitro. It was discovered
that SO bubbles of size 0,1 mkm have been phagocytised
by mentioned cells. As a sequence the cells were enlarged
in size, the density of cellular monolayer was decreased,
cellular metabolism was damaged and its survival was
decreased as well. Following our data it is possible to
assume that emulsified SO bubbles can be phagocytised
by trabecular cells, leading to cell enlargement and
narrowing of trabecular spaces, causing elevation of
intraocular pressure. SO bubbles detection using
gonioscopy in patients with high grade myopia can mark
the initiation of phagocytosis in trabecular meshwork and
lack of aqueous humor outflow.
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