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Öåëü. Ñèíòåçèðîâàòü ýêâèâàëåíò äîíîðñêîé ðîãîâèöû (ÝÄÐ) ñ äâîéíîé 
ôóíêöèåé: 1) çàìåíèòåëü ñòðîìû ðîãîâèöû, è 2) äîñòàâêà àíòèèíôåêöè-
îííûõ ïåïòèäîâ (ÀÈÏ) èç ÝÄÐ. 
Ìàòåðèàëû è ìåòîäû. ÀÈÏ LL37 (êàòåëèöèäèí) áûë èíêàïñóëèðîâàí â 
êðåìíèåâûå íàíî÷àñòèöû (ÊÍ×) ïîä äåéñòâèåì ìàãíèòíîãî ïîëÿ. ÊÍ× ñ 
LL37 âíåäðÿëèñü â ÝÄÐ âî âðåìÿ èçãîòîâëåíèÿ ïóòåì ñîçäàíèÿ âçàèìîïðî-
íèêàþùåé ñåòè èç êîëëàãåíà ² òèïà è 2-ìåòàêðèëîèëîêñèýòèëôîñôîðèë-
õîëèíà. Îöåíèâàëè: 1) äèíàìèêó âûñâîáîæäåíèÿ LL37 èç ÝÄÐ (èììóíîôåð-
ìåíòíûé àíàëèç); 2) òîêñè÷íîñòü ÝÄÐ ê êëåòêàì ðîãîâè÷íîãî ýïèòåëèÿ 
÷åëîâåêà (ÊÐÝ×) — êîëîðèìåòðè÷åñêèé àíàëèç; 3) ðåôðàêöèîííûå ñâîé-
ñòâà ÝÄÐ (ðåôðàêòîìåòð Abbe); 4) ìåõàíè÷åñêèå ñâîéñòâà (íàëîæåíèå 
øâîâ íà ÝÄÐ ïðè ïîñëîéíîé êåðàòîïëàñòèêå íà ñâèíîì ãëàçó ex vivo). 
Ðåçóëüòàòû. Äîçèðîâàííîå âûñâîáîæäåíèå LL37 èç ÝÄÐ ïðîèñõîäèëî äî 21 
äíÿ. Ðåôðàêöèîííûé èíäåêñ ÝÄÐ ñ LL37 â ÊÍ× = 1,3 (÷åëîâå÷åñêàÿ ðîãî-
âèöà 1,37). ÝÄÐ ñ LL37 â ÊÍ× íå áûëè òîêñè÷íû ê ÊÐÝ× â ñðàâíåíèè ñ 
÷èñòûìè ÝÄÐ. Ìåõàíè÷åñêàÿ ïðî÷íîñòü ÝÄÐ ñ LL37 îêàçàëàñü íåçíà÷èìî 
íèæå ÷èñòûõ ÝÄÐ. 
Âûâîäû. Âïåðâûå áûë ñèíòåçèðîâàí ÝÄÐ, ñîäåðæàùèé ñèñòåìó äîçèðî-
âàííîãî âûñâîáîæäåíèÿ ÀÈÏ. Äîêàçàíî äîçèðîâàííîå âûñâîáîæäåíèå ÀÈÏ 
LL37 èç ÝÄÐ. Ïîëó÷åííûå ÝÄÐ íå óãíåòàþò ïðîëèôåðàöèþ ÊÐÝ× è ñîõðà-
íÿþò óäîâëåòâîðèòåëüíûå îïòè÷åñêèå è ìåõàíè÷åñêèå ñâîéñòâà. 
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Purpose. To develop corneal substitutes (CS) with a dual function:1) corneal stro-
ma substitute, and 2) antiinfective peptide (AIP) delivery. 
Methods. AIP LL37 (cathelicidin) was encapsulated in silica nanoparticles 
(SINP) under the effect of magnetic field. SiNP with LL37 were then introduced 
in CS during their production using the method of creation of interpenetrating net-
work of type I collagen and 2 methacryloyloxyethylphosphorylcholine. Dynamics 
of LL37 release from CS using ELISA method was evaluated. Refractive properties 
of CS with incorporated AIP release system were assessed using Abbe refractome-
ter. Cytotoxicity of the CS to the cells of the human corneal epithelium was assessed 
by using WST-1 based colorimetric assay. Mechanical properties were checked by 
performing lamellar keratoplasty on ex vivo porcine eyes. 
Results. Gradual release of LL37 from within CS occurred up to 21day. Release from 
control CS (with incorporated free LL37) stopped on the 1st day. Refractive index (RI) 
of CS with LL37 in SiNP was equal to 1.3 (human cornea 1.37). There was no in-
creased cytotoxicity of CS with incorporated release system compared to clear CS. Me-
chanical strength of CS with LL37 was non-significantly lower compared to clear CS. 
Conclusion. For the first time CS containing AIP sustained delivery system was de-
veloped. Gradual release of AIP LL37 from within CS was proved. No cell toxicity, 
satisfactory optical and mechanical properties of the constructs were found. 
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Âñòóï. Óðàæåííÿ ðîã³âêè º äðóãîþ íàéá³ëüø 
÷àñòîþ ïðè÷èíîþ ñë³ïîòè ï³ñëÿ êàòàðàêòè, íà ÿê³ 
ñòðàæäàþòü ïðèáëèçíî 10 ì³ëüéîí³â ëþäåé ïî âñüî-
ìó ñâ³òó [14]. Ñåðåä çàõâîðþâàíü ðîã³âêè íàéá³ëüø 
÷àñòèìè ïðè÷èíàìè çíèæåííÿ çîðó çàëèøàþòüñÿ 
³íôåêö³éí³ êåðàòèòè, ÷àñòîòà ÿêèõ çá³ëüøóºòüñÿ ç 
êîæíèì ðîêîì [2]. Öå ïîâ’ÿçàíå ç òèì, ùî ðåçèñ-
òåíòí³ñòü ³íôåêö³éíèõ çáóäíèê³â äî ³ñíóþ÷èõ àí-
òèáàêòåð³àëüíèõ òà ïðîòèâ³ðóñíèõ ïðåïàðàò³â íà-
ðîñòàº øâèäøèìè òåìïàìè í³æ ç’ÿâëÿþòüñÿ íîâ³ 
ïðåïàðàòè [6]. Òîìó îñíîâíèì ìåòîäîì ë³êóâàííÿ 
³íôåêö³éíèõ êåðàòèò³â çàëèøàºòüñÿ ïåðåñàäêà äî-
íîðñüêî¿ ðîã³âêè, àëå ¿¿ äåô³öèò òàêîæ ïîñò³éíî 
íàðîñòàº, îñîáëèâî â êðà¿íàõ, ùî ðîçâèâàþòüñÿ, 
òà, íàïðèêëàä, â ²íä³¿ ñÿãàº 85 % [12]. ßê íàñë³äîê, 
âêðàé âàæëèâèìè º ïèòàííÿ ïîøóêó àëüòåðíàòèâ ³ 
ñó÷àñíèì ïðîòè³íôåêö³éíèì ïðåïàðàòàì, ³ äîíîð-
ñüê³é ðîã³âö³. 

Â ÿêîñò³ àëüòåðíàòèâè ïðîòè³íôåêö³éíèì ïðå-
ïàðàòàì ³íòåðåñ âèêëèêàþòü ïðèðîäí³ ìîëåêóëè 
³ìóííî¿ ñèñòåìè, òàê³ ÿê êàò³îíí³ ïåïòèäè — äåôåí-
ñ³íè òà êàòåë³öèäèíè. Çîêðåìà, â ðîã³âö³ ëþäèíè 
áóâ çíàéäåíèé êàòåë³öèäèí LL37, ÿêèé ìàº øèðî-
êèé ñïåêòð àêòèâíîñò³ ïðîòè ðÿäó ïàòîãåííèõ áàê-
òåð³é, â³ðóñ³â òà ãðèáê³â [8]. Äëÿ ïîäîâøåííÿ éîãî 
ä³¿ â îñåðåäêó ³íôåêö³¿ íàìè áóëà çàïðîïîíîâàíà 
ñèñòåìà ïîñò³éíî¿ äîñòàâêè (ÑÏÄ) LL37 øëÿõîì 
éîãî ³íêàïñóëÿö³¿ ó êðåìí³ºâ³ íàíî÷àñòêè, à òàêîæ 
äîâåäåíà ïðîòèâ³ðóñíà òà ïðîòèáàêòåð³àëüíà àêòèâ-
í³ñòü òàêî¿ ñèñòåìè [1, 3, 4]. 

Ñåðåä àëüòåðíàòèâ äîíîðñüê³é ðîã³âö³ çâåðòà-
þòü íà ñåáå óâàãó á³îñèíòåòè÷í³ ³ìïëàíòè íà îñíî-
â³ êîëàãåíó, ÿê³ ìàþòü îïòè÷í³, õ³ì³÷í³ òà ìåõàí³÷í³ 
âëàñòèâîñò³, ùî íàáëèæàþòüñÿ äî ëþäñüêî¿ ðîã³âêè 
[9]. Â åêñïåðèìåíòàõ íà òâàðèíàõ, à òàêîæ ïðè ïåð-
ø³é ôàç³ êë³í³÷íèõ âèïðîáóâàíü, êîëè ö³ êîëàãåíîâ³ 
çàì³ííèêè äîíîðñüêî¿ ðîã³âêè ³ìïëàíòóâàëèñÿ ìå-
òîäîì ïîøàðîâî¿ êåðàòîïëàñòèêè, âîíè ïðîäåìîí-
ñòðóâàëè äîáðó á³îñóì³ñí³ñòü, ùî íå âèìàãàëà ³ìó-
íîñóïðåñ³¿ [7, 10, 11]. Ïåðåâàãîþ á³îñèíòåòè÷íèõ 
ðîã³âîê º ïîòåíö³éíà ìîæëèâ³ñòü ¿õíüîãî ïðîãðàìó-
âàííÿ íà âèêîíàííÿ ïåâíèõ çàäà÷. Òàê, ïåðñïåêòèâ-
íèì º ââåäåííÿ ó øòó÷íó ðîã³âêó â ïðîöåñ³ ¿¿ ñèíòåçó, 
íàïðèêëàä, àíòèá³îòèê³â, ïðîòèâ³ðóñíèõ ïðåïàðàò³â 
äëÿ îòðèìàííÿ ðîã³âêè ç ïîäâ³éíîþ ôóíêö³ºþ — çà-
ì³ííèêà ñòðîìè ðîã³âêè ïðè êåðàòîïëàñòèö³ òà îä-
íî÷àñíîãî äæåðåëà ïðîòè³íôåêö³éíîãî ïðåïàðàòó 
äëÿ ë³êóâàííÿ àáî ïðîô³ëàêòèêè ³íôåêö³¿ [5]. 

Ìåòîþ ö³º¿ ðîáîòè áóëî ñòâîðåííÿ êîëàãåíîâîãî 
åêâ³âàëåíòó ðîã³âêè (ÊÅÐ) ç âïðîâàäæåíîþ ñèñòå-
ìîþ ïîñò³éíî¿ äîñòàâêè ïðîòè³íôåêö³éíîãî ïåï-
òèäó (Ï²Ï) LL37 òà âèâ÷åííÿ éîãî îïòè÷íèõ, öèòî-
òîêñè÷íèõ òà ìåõàí³÷íèõ âëàñòèâîñòåé. 

Ìàòåð³àë ³ ìåòîäè 
Ðîáîòà âèêîíàíà â ëàáîðàòîð³¿ êë³òèííî¿ á³îëîã³¿ ôà-

êóëüòåòó åêñïåðèìåíòàëüíî¿ òà êë³í³÷íî¿ ìåäèöèíè Óí³âåð-
ñèòåòó ì. Ë³í÷üîï³íã (Øâåö³ÿ). 

Âèãîòîâëåííÿ ñècòåìè ïîñò³éíî¿ äîñòàâêè ïðîòè³í-
ôåêö³éíîãî ïåïòèäó LL37. ÑÏÄ Ï²Ï LL37 áóëà ñòâîðåíà 
øëÿõîì ³íêàïñóëÿö³¿ LL37 ó êðåìí³ºâ³ íàíî÷àñòêè (ÊÍ×) 
ï³ä âïëèâîì ìàãí³òíîãî ïîëÿ. Äåòàëüíèé ïðîòîêîë âèãîòîâ-
ëåííÿ ö³º¿ ÑÏÄ áóâ îïèñàíèé ðàí³øå [1]. 

Âèãîòîâëåííÿ êîëàãåíîâîãî åêâ³âàëåíòó ðîã³âêè. ÊÅÐ 
âèãîòîâëÿëè øëÿõîì ñòâîðåííÿ ìåðåæ ç ñâèíÿ÷îãî êîëàãå-
íó ² òèïó (Nippon Meat Packers, Inc., ßïîí³ÿ) òà 2-ìåòà-
êðèëî³ëîêñ³åòèëôîñôîð³ëõîë³íó — ÌÔÕ (Paramount Fine 
Chemicals Co. Ltd, Êèòàé), ùî âçàºìíî ïðîíèêàþòü, ïî 
ïðîòîêîëó, îïèñàíîìó ðàí³øå [10]. Êîðîòêî, 500 ìã 14 % 
(âàãà/âàãà) ðîç÷èíó ñâèíÿ÷îãî àòåëîêîëàãåíó ² òèïó çì³øó-
âàëè ç 150 ìêë 0,625 Ì áóôåðó MES (Sigma Aldrich, Êà-
íàäà) ó çì³øóâàëüí³é ñèñòåì³ ç äâîõ øïðèö³â. Ïîò³ì ó çì³-
øóâàëüíó ñèñòåìó äîäàâàëè 200 ìêë ðîç÷èíó ÌÔÕ â 0,625 
Ì MES áóôåð³. Ñï³ââ³äíîøåííÿ ÌÔÕ äî êîëàãåíó (âàãà/
âàãà) áóëî 1:2. Ïîò³ì äîäàâàëè ïîë³ (åòèëåí ãëèêîëü)ä³à-
êðèëàò — ÏÅÃÄÀ (Sigma Aldrich). Ñï³ââ³äíîøåííÿ ÏÅÃÄÀ 
: ÌÔÕ (âàãà/âàãà) äîð³âíþâàëî 1:3. Ï³ñëÿ öüîãî ó çì³øó-
âàëüíó ñèñòåìó ââîäèëè ðîçðàõîâàí³ îá’ºìè 4 % ðîç÷èíó 
(âàãà/îá’ºì) ïåðñóëüôàòó àìîí³þ — ÏÑÀ (Sigma Aldrich) 
â MES áóôåð³ òà 2 % ðîç÷èíó (âàãà/îá’ºì) N,N,N,N- òå-
òðàìåòèëåòèëåíä³àì³íó — ÒÅÌÅÄ (Sigma Aldrich) â ÌÅS 
áóôåð³. Ñï³ââ³äíîøåííÿ ÏÑÀ : ÌÔÕ (âàãà/âàãà) = 0,03:1, 
ÏÑÀ : ÒÅÌÅÄ = 1:0,77. Ï³ñëÿ ðåòåëüíîãî ïåðåì³øóâàííÿ 
äîäàâàëè ðîçðàõîâàí³ îá’ºìè 10 % (âàãà/îá’ºì) ðîç÷èíó 
N-ãèäðîêñ³ñóêöèí³ì³äó — ÍÃÑ (Sigma Aldrich) â ÌÅS áóôå-
ð³ òà 5 % (âàãà/îá’ºì) ðîç÷èíó N-(3-ä³ìåòèëàì³íîïðîï³ë)-
N’-åòèëêàðáîä³³ì³äó — ÅÊ² (Sigma Aldrich) â ÌÅS áóôåð³. 
Óñ³ ðåàãåíòè ðåòåëüíî ïåðåì³øóâàëè ïðè 0°Ñ. Ìîëÿðí³ ñï³â-
â³äíîøåííÿ ÅÊ² : êîëàãåí-NH

2
 = 0,7:1, ÅÊ² : ÍÃÑ = 2:1. 

Îòðèìàíèé ðîç÷èí îäðàçó ðîçïîä³ëÿëè íà ñêëÿí³ ïëàò³âêè. 
Íà ïëàò³âêó ç ðîç÷èíîì íàêëàäàëè äðóãó ïëàò³âêó ç ïðî-
êëàäêàìè ïî êðàÿõ âèñîòîþ 500 ìêì. Ãèäðîãåë³ ïîì³ùàëè ó 
êàìåðó ³ç 100 % âîëîã³ñòþ â ïðèñóòíîñò³ àçîòó íà 16 ãîä. ïðè 
ê³ìíàòí³é òåìïåðàòóð³. Ï³ñëÿ â³ää³ëåííÿ â³ä ïëàò³âîê ãèäðî-
ãåë³ â³äìèâàëè òà çáåð³ãàëè â 10 mM ðîç÷èí³ ôîñôàòíîãî 
áóôåðó ïðè +4°Ñ. 

Âèãîòîâëåííÿ êîëàãåíîâèõ åêâ³âàëåíò³â ðîã³âêè ç ñèñ-
òåìîþ ïîñò³éíî¿ äîñòàâêè LL37 àáî â³ëüíèì LL37. ÊÅÐ 
ç ÑÏÄ ïåïòèäó LL37 àáî ç â³ëüíèì LL37 âèãîòîâëÿëèñÿ çà 
òåõíîëîã³ºþ, ùî îïèñàíà âèùå, à ÊÍ× ç LL37 àáî â³ëüíèé 
LL37 ââîäèëèñü â ³ìïëàíò, ùî ñèíòåçóºòüñÿ, ïåðåä äîäàâàí-
íÿì ÏÑÀ. Äëÿ öüîãî â çì³øóâàëüíó ñèñòåìó ââîäèëè 300 ìêë 
ðîç÷èíó â³ëüíîãî Ï²Ï LL37 â êîíöåíòðàö³¿ 500 ìêã/ìë àáî 
300 ìêë ðîç÷èíó ÊÍ× ç ³íêàïñóëüîâàíèì ïåïòèäîì â êîí-
öåíòðàö³¿ 7 ìã/ìë. 

Îö³íêà ìåõàí³÷íèõ òà îïòè÷íèõ âëàñòèâîñòåé êîëà-
ãåíîâèõ åêâ³âàëåíò³â ðîã³âêè. Ìåõàí³÷í³ âëàñòèâîñò³ ÊÅÐ 
ç ÑÏÄ Ï²Ï LL37 îö³íþâàëè øëÿõîì íàêëàäàííÿ âóçëîâèõ 
øâ³â íà ³ìïëàíò ïðè ïîøàðîâ³é êåðàòîïëàñòèö³ íà ñâèíÿ-
÷îìó îö³ ex vivo. Êîíòðîëåì ñëóãóâàëè ÊÅÐ áåç ÑÏÄ Ï²Ï 
LL37, ÿê³ òàêîæ ô³êñóâàëè âóçëîâèìè øâàìè ïðè ïîøàðî-
â³é êåðàòîïëàñòèö³ íà ñâèíÿ÷îìó îö³ ex vivo. Ðåôðàêö³é-
í³ âëàñòèâîñò³ ÊÅÐ îö³íþâàëè íà ðåôðàêòîìåòð³ Abbe 60 
(Bållingham+Stanley, Âåëèêà Áðèòàí³ÿ). 

Îö³íêà äèíàì³êè âèâ³ëüíåííÿ LL37 ç êîëàãåíîâèõ åê-
â³âàëåíò³â ðîã³âêè. ÊÅÐ, ùî ì³ñòèëè â³ëüíèé LL37 àáî 
ÊÍ× ç ³íêàïñóëüîâàíèì LL37, ðîçì³ùóâàëè ó 10 ìë ôîñ-
ôàòíîãî áóôåðó (ÔÁ) ïðè 37°Ñ íà ìåõàí³÷íîìó øåéêåð³ 
íà 21 äåíü. Íà 1é, 3é, 7é, 14é òà 21é äåíü ÔÁ çáèðàâñÿ 
òà çàì³íþâàâñÿ ñâ³æèì áóôåðîì. ÔÁ ç âêàçàíèõ äí³â àíà-
ë³çóâàëè ìåòîäîì ³ìóíîôåðìåíòíîãî àíàë³çó (²ÔÀ). Êî-
ðîòêî, çðàçêè âêðèâàëè áóôåðîì äëÿ ïîêðèòòÿ àíòèãåíó 
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(ImmunoChemistry Technologies, ÑØÀ) òà çàëèøàëè íà í³÷ 
ïðè ê³ìíàòí³é òåìïåðàòóð³ â 96-÷àøå÷íèõ òàð³ëêàõ. Ï³ñëÿ 
öüîãî ÷àøå÷êè â³äìèâàëè áóôåðîì äëÿ ²ÔÀ òà âêðèâàëè 
ìîíîêëîíàëüíèì àíòèò³ëîì äî ìèøà÷îãî LL37 (Santa Cruz 
Biotechnology, ÑØÀ). Ï³ñëÿ â³äìèâàííÿ äîäàâàëè ïðîòè-
ìèøà÷å âòîðèííå àíòèò³ëî (Bio-Rad Laboratories, ÑØÀ), 
çà íèì — òåòðàìåòèë-áåíçèä³í (Sigma Aldrich, Êàíàäà). 
Ðåàêö³þ çóïèíÿëè 1Ì ðîç÷èíîì H

3
PO

4
. ×àøå÷êè àíàë³-

çóâàëè ïðè äîâæèí³ õâèë³ 450 íì íà àíàë³çàòîð³ Victor3 V 
1420 (PerkinElmer, ÑØÀ). Êîíöåíòðàö³þ LL37 âèçíà÷àëè 
çà äîïîìîãîþ êàë³áðóâàëüíî¿ êðèâî¿, ùî áóëà ïîáóäîâàíà 
íà ðåçóëüòàòàõ àíàë³çó çðàçê³â LL37 ç ñòàíäàðòíèìè êîí-
öåíòðàö³ÿìè (0,1, 0,25, 0,5 òà 1,0 ìã/ìë) ³äåíòè÷íèì ìå-
òîäîì ²ÔÀ. 

Îö³íêà öèòîòîêñè÷íîñò³ êîëàãåíîâèõ åêâ³âàëåíò³â ðî-
ã³âêè ç ñèñòåìîþ ïîñò³éíî¿ äîñòàâêè LL37. Äëÿ òîãî, ùîá 
îö³íèòè, ÷è ïðèãí³÷óþòü ñòâîðåí³ ÊÅÐ ç ÑÏÄ ïåïòèäó LL37 
àáî ç â³ëüíèì LL37 ïðîë³ôåðàö³þ êë³òèí, âèêîíóâàëè êî-
ëîðèìåòðè÷íå äîñë³äæåííÿ ç äîäàâàííÿì ðåàãåíòó WST-1 
çã³äíî ç ³íñòðóêö³ÿìè âèðîáíèêà (F. Hoffmann-La Roche Ltd, 
Øâåéöàð³ÿ). Äëÿ öüîãî ë³í³þ êë³òèí ðîã³âêîâîãî åï³òåë³þ 
ëþäèíè (ÊÐÅË, Life Technologies Europe BV, Sweden) êóëü-
òèâóâàëè ó 96-÷àøå÷íèõ òàð³ëêàõ ó ñåðåäîâèù³ KSFMòì, ùî 
ì³ñòèëî L-ãëóòàì³í, åï³äåðìàëüíèé ôàêòîð ðîñòó ëþäèíè 
òà áè÷à÷èé åêñòðàêò ã³ïîô³çó (Life Technologies Europe BV, 
Sweden), ðàçîì ç³ ñòâîðåíèìè ³ìïëàíòàòàìè, ùî ì³ñòèëè 
LL37, áóâ ³íêàïñóëüîâàíèé ó ÊÍ× ïðîòÿãîì 24–72 ãîä. 
Êîíòðîëåì ñëóãóâàëè ÊÐÅË, ÿê³ êóëüòèâóâàëèñÿ ðàçîì ç 
«÷èñòèìè» ÊÅÐ àáî ç ÊÅÐ, ùî ì³ñòèâ â³ëüíèé ïåïòèä. Ï³ñëÿ 
öüîãî ó ÷àøêè äîäàâàëè ðåàãåíò WST-1, ùî îö³íþº æèòòºç-
äàòí³ñòü êë³òèí, ³íêóáóâàëè ïðîòÿãîì 30 õâ. òà ï³ääàâàëè 
êîëîðèìåòðè÷íîìó àíàë³çó ïðè äîâæèí³ õâèë³ 450 íì çà äî-
ïîìîãîþ àíàë³çàòîðà Victor3 V1420 (PerkinElmer, ÑØÀ). Â 
êîæí³é ãðóï³ ïðîâåäåíî ïî 4 âèì³ðþâàííÿ. 

Ñòàòèñòè÷íèé àíàë³ç. Ð³çíèöþ ì³æ äîñë³äíîþ ãðóïîþ 
(ÊÅÐ ç ÑÏÄ ïåïòèäó LL37) òà êîíòðîëåì (ÊÅÐ ç â³ëüíèì 
LL37 àáî «÷èñò³» ÊÅÐ) âèçíà÷àëè çà äîïîìîãîþ íåïàðà-
ìåòðè÷íîãî òåñòó Mann-Whitney. Ð³çíèöÿ ââàæàëàñÿ çíà-
÷óùîþ ïðè ð<0,05. Ó âèïàäêó ìíîæèííèõ ïîð³âíÿíü âè-
êîðèñòîâóâàëè ïîïðàâêó Bonferroni äëÿ ð³âíÿ ñòàòèñòè÷íî¿ 
çíà÷èìîñò³ (ð). 

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

ÊÅÐ, ùî ì³ñòèëè ÿê ÊÍ× ç LL37, òàê ³ â³ëüíèé 
LL37, ìàëè òåíä³òí³ ïîìóòí³ííÿ, ùî íåçíà÷íî çíè-
æóâàëè ïðîçîð³ñòü ³ìïëàíò³â (Ðèñ. 1). Ðåôðàêö³é-
íèé ³íäåêñ ÊÅÐ ç LL37 â ÊÍ× äîð³âíþâàâ 1,3, ùî 
íåçíà÷íî íèæ÷å ³íäåêñó ëþäñüêî¿ ðîã³âêè — 1,37 òà 
ÊÅÐ áåç ïåïòèäó — 1,35 [10]. 

ßê â³ëüíèé ïåïòèä, òàê ³ ïåïòèä, ùî ³íêàïñóëüî-
âàíèé ó ÊÍ×, íå âïëèâàëè íà ìåõàí³÷í³ âëàñòèâîñ-
ò³ ÊÅÐ — ³ìïëàíòè çàëèøàëèñÿ äîñèòü ì³öíèìè òà 
äîáðå ïåðåíîñèëè íàêëàäàííÿ 12 âóçëîâèõ øâ³â ïðè 
ïðîâåäåíí³ ãëèáîêî¿ ïîøàðîâî¿ êåðàòîïëàñòèêè íà 
³çîëüîâàíîìó îö³ ñâèí³. 

²ÔÀ ïîêàçàâ, ùî â³ëüíèé LL37, ùî áóâ âïðîâà-
äæåíèé ó ÊÅÐ, ïîâí³ñòþ âèâ³ëüíþâàâñÿ ç ³ìïëàíòó 
íà ïåðøèé äåíü äîñë³äæåííÿ äèíàì³êè âèâ³ëüíåí-
íÿ. Íàòîì³ñòü, âèâ³ëüíåííÿ ïåïòèäó ç ÊÅÐ ç âïðî-
âàäæåíîþ ÑÏÄ LL37 ïðîõîäèëî ïîñòóïîâî äî 21ãî 
äíÿ (Ðèñ. 2). 

Êîëîðèìåòðè÷íèé àíàë³ç ç ðåàãåíòîì WST-1 íå 
âèÿâèâ ï³äâèùåííÿ òîêñè÷íîñò³ ÊÅÐ ç ÑÏÄ LL37 
ïî â³äíîøåííþ äî ÊÐÅË ïîð³âíÿíî ç «÷èñòèìè» 
ÊÅÐ, ÊÅÐ ç â³ëüíèì LL37 òà ç â³ëüíèì ïåïòèäîì â 
êîíöåíòðàö³¿ 15 ìêã/ìë (Ðèñ. 3). 

Â ö³é ðîáîò³ âïåðøå ïðîâåäåíà ñïðîáà ñóì³ñòè-
òè ïîçèòèâí³ âëàñòèâîñò³ çàì³ííèê³â äîíîðñüêî¿ 
ðîã³âêè íà îñíîâ³ êîëàãåíó òà ÑÏÄ Ï²Ï LL37 äëÿ 
ñòâîðåííÿ êîìïîçèòíîãî òðàíñïëàíòàòó, ùî ìîæå 

Ðèñ. 1. Êîëàãåíîâ³ åêâ³âàëåíòè ðîã³âêè, ùî ì³ñòÿòü â³ëüíèé 
LL37 (À) àáî ç LL37, âïðîâàäæåíèé ó êðåìí³ºâ³ íàíî÷àñòêè 
(Á). 

Ðèñ. 2. Äèíàì³êà âèâ³ëüíåííÿ LL37 ç êîëàãåíîâèõ åêâ³âàëåí-
ò³â ðîã³âêè, %. 

Ïðèì³òêà. ÊÅÐ_LL37-ÊÍ× — ³ìïëàíòè ç âïðîâàäæåíîþ ñèñ-
òåìîþ ïîñò³éíî¿ äîñòàâêè LL37; ÊÅÐ_LL37 — ³ìïëàíòè ç â³ëü-
íèì ïåïòèäîì; ñòð³ëêà — â³äñîòîê LL37, ùî âèâ³ëüíþâàâñÿ 
ï³ä ÷àñ ñòåðèë³çàö³¿ ³ìïëàíòó. 
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áóòè çàñòîñîâàíèé â ÿêîñò³ ìàòåð³àëó äëÿ êåðàòî-
ïëàñòèêè ïðè ë³êóâàíí³ ³íôåêö³éíèõ çàõâîðþâàíü 

ðîã³âêè îäíî÷àñíî ³ ÿê çàì³ííèê ðîã³âêè, ³ ÿê íî-
ñ³é ïðîòè³íôåêö³éíîãî ïðåïàðàòó. Âðàõîâóþ÷è òå, 
ùî òðàäèö³éíà êåðàòîïëàñòèêà ìàº äîñèòü íèçüêó 
åôåêòèâí³ñòü ïðè ë³êóâàíí³ ³íôåêö³éíèõ êåðà-
òèò³â [13], ïîä³áí³ êîìá³íîâàí³ ³ìïëàíòè ìîæóòü 
ñòàòè àëüòåðíàòèâîþ äîíîðñüê³é ðîã³âö³ ëþäèíè. 
Âïåðøå ïîêàçàíî, ùî ÊÅÐ ç ÑÏÄ LL37 ìàþòü çà-
äîâ³ëüí³ îïòè÷í³ òà ìåõàí³÷í³ âëàñòèâîñò³. Òàêîæ 
äîâåäåíî, ùî âïðîâàäæåííÿ ÊÍ× ç ³íêàïñóëüî-
âàíèì â íèõ ïåïòèäîì â ³ìïëàíò íå ïðèãí³÷óº âè-
â³ëüíåííÿ LL37 ç ÊÅÐ, ÿêå in vitro òðèâàº ïðîòÿãîì 
3 òèæí³â. Êð³ì òîãî, çàì³ííèêè äîíîðñüêî¿ ðî-
ã³âêè ç âïðîâàäæåíîþ ÑÏÄ LL37 íå ïðèãí³÷óþòü 
ïðîë³ôåðàö³þ ÊÐÅË in vitro ïîð³âíÿíî ç «÷èñòè-
ìè» ÊÅÐ. 

Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî ïåðñïåêòèâí³ñòü ïî-
äàëüøîãî âèâ÷åííÿ çàì³ííèê³â ðîã³âêè ç âïðîâà-
äæåíîþ ñèñòåìîþ ïîñò³éíî¿ äîñòàâêè ë³êàðñüêèõ 
çàñîá³â â ë³êóâàíí³ â³ðóñíèõ òà áàêòåð³àëüíèõ î÷íèõ 
³íôåêö³é. 

Ðèñ. 3. Ðåçóëüòàòè êîëîðèìåòðè÷íîãî àíàë³çó öèòîòîêñè÷-
íîñò³ ç ðåàãåíòîì WST-1. 

Ïðèì³òêè. ÊÅÐ_LL37-ÊÍ× — ³ìïëàíòè ç âïðîâàäæåíîþ 
ñèñòåìîþ ïîñò³éíî¿ äîñòàâêè LL37; ÊÅÐ_LL37 — ³ìïëàíòè 
ç â³ëüíèì ïåïòèäîì; ÊÅÐ — «÷èñò³» ³ìïëàíòè; LL37 15 ìêã/
ìë — LL37 â êîíöåíòðàö³¿ 15 ìêã/ìë. 
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