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Äàíà ðîáîòà âèêîíóâàëàñü â ðàìêàõ ïëàíîâî¿ 
ÍÄÐ Íàö³îíàëüíîãî ìåäè÷íîãî óí³âåðñèòåòó 
³ì. Î. Î. Áîãîìîëüöÿ «Îðãàíè íåðâîâî¿, ³ìóííî¿ òà 
ñå÷îñòàòåâî¿ ñèñòåì â óìîâàõ åêñïåðèìåíòàëüíîãî 
ïîøêîäæåííÿ», ¹ äåðæ. ðåºñòðàö³¿ 0112U001413. 

Âñòóï. ×èñëåííèìè äîñë³äæåííÿìè îñòàíí³õ 
ðîê³â äîâåäåíà ðîëü ñâèíöþ ÿê õ³ì³÷íîãî ôàêòîðó ó 
ôîðìóâàíí³ áàãàòüîõ ñåðöåâî-ñóäèííèõ çàõâîðþ-
âàíü, çîêðåìà ðàííüîãî àòåðîñêëåðîçó, àðòåð³àëüíî¿ 
ã³ïåðòåíç³¿, ³øåì³÷íî¿ õâîðîáè ñåðöÿ [1,2,3]. 

Òàê³ äîñë³äæåííÿ ï³äòâåðäæóþòü çíà÷íó ïîøè-
ðåí³ñòü àðòåð³àëüíî¿ ã³ïåðòåíç³¿ ó ëþäåé, ÿê³ 
ïðîôåñ³éíî êîíòàêòóþòü ç³ ñâèíöåì ó â³äíîñíî íèçü-
êèõ êîíöåíòðàö³ÿõ. Äàíèé ñòàí ñóïðîâîäæóâàâñÿ 
ôîðìóâàííÿì ïî÷àòêîâèõ çì³í ó âèãëÿä³ ëàá³ëüíîñò³ 
àðòåð³àëüíîãî òèñêó ç òåíäåíö³ºþ äî ôîðìóâàííÿ 
àðòåð³àëüíî¿ ã³ïåðòåíç³¿ [2]. 

Òàê, Landrigan P. J. [1989] âêàçóº, ùî ó ðàç³ òðè-
âàëîãî êîíòàêòó ïðàö³âíèê³â ç³ ñâèíöåì ïðè íèçü-
êèõ êîíöåíòðàö³ÿõ ó âèðîáíè÷èõ óìîâàõ, âïëèâ 
êñåíîá³îòèêà ôîðìóº ï³ä´ðóíòÿ äëÿ ðàííüîãî ðîç-
âèòêó àðòåð³àëüíî¿ ã³ïåðòåíç³¿ òà àòåðîñêëåðîçó ó 
ìàéáóòíüîìó [8]. 

Êóíä³ºâ Þ. ². [2001] íà ï³äñòàâ³ åêñïåðèìåí-
òàëüíèõ ðîá³ò, âêàçóº íà ïðÿìó êàðä³îòîêñè÷íó ä³þ 
ñâèíöþ òà ³ñíóâàííÿ ïðîïîðö³éíî¿ çàëåæíîñò³ ì³æ 
äîçîþ ïîãëèíóòèõ ñïîëóê ñâèíöþ, òðèâàë³ñòþ ¿õ 
íàäõîäæåííÿ äî îðãàí³çìó, ÷àñòîòîþ âèíèêíåííÿ òà 
êë³í³÷íèìè ïðîÿâàìè àðòåð³àëüíî¿ ã³ïåðòåíç³¿ [4]. 

Òàêèì ÷èíîì, â³äïîâ³äíî äî ñó÷àñíèõ íàóêîâèõ 
äîñë³äæåíü îñòàíí³õ ðîê³â, ñâèíöþ íàëåæèòü âàæëè-
âà ðîëü ó ôîðìóâàíí³ ïîøêîäæåííÿ åíäîòåë³þ ç âè-
íèêíåííÿì ñóäèííî¿ ³ìóíîçàïàëüíî¿ ðåàêö³¿ çà ó÷à-
ñòþ öèòîêèí³â [5,6,7]. Öèòîê³íè – íèçüêîìîëåêóëÿðí³ 
á³ëêîâ³ ìîëåêóëè, ä³ÿ ÿêèõ ñïðÿìîâàíà íà çàáåç-
ïå÷åííÿ ïðîöåñ³â ì³æêë³òèííî¿ êîìóí³êàö³¿. Êîæåí 
öèòîê³í âèÿâëÿº ñèíåðã³÷íó àáî ³íã³áóâàëüíó 
àêòèâí³ñòü ïî â³äíîøåííþ äî ³íøèõ öèòîêèí³â, ùî 
çóìîâëþº îïòèìàëüíó ðåàêö³þ â ìåæàõ öèòîê³íîâî¿ 
ñ³òêè, çà óìîâ ñàìîðåãóëÿö³¿. Â îñíîâ³ ôîðìóâàííÿ 
çàïàëåíü ëåæèòü ïîðóøåííÿ áàëàíñó ì³æ ñèíòåçîì 
ïðîçàïàëüíèõ òà ïðîòèçàïàëüíèõ öèòîêèí³â. 

Ç’ÿñîâàíî, ùî ïðå- òà ïîñòàíàë³òè÷í³ ïîìèë-
êè, âèñîêà á³îëîã³÷íà âàð³àáåëüí³ñòü çàçíà÷åíèõ 
ïàðàìåòð³â, íå çàâæäè äîñÿæíà ïðèéíÿòà òî÷í³ñòü 
âèì³ðþâàííÿ îêðåìèõ ïîêàçíèê³â òà ³íø³ ôàê-
òîðè, ñòâîðþþòü íåãàòèâí³ óìîâè äëÿ êë³í³÷íî¿ 
³íòåðïðåòàö³¿ îòðèìàíèõ ðåçóëüòàò³â. 

Ìåòîþ äàíîãî äîñë³äæåííÿ ñòàëî âèâ÷åííÿ 
îñîáëèâîñòåé çì³í ïðî- ³ ïðîòèçàïàëüíèõ öèòîêèí³â, 
òà îö³íêà ïðîãíîñòè÷íî¿ ö³ííîñò³ ïîêàçíèê³â, ùî âèâ-
÷àþòüñÿ, ïðè åêñïîçèö³¿ ñâèíöåì. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Îá’ºêòîì á³î-
ìåäè÷ íèõ äîñë³äæåíü áóëè 203 ïðàö³âíèêà êàáåëü-
íèõ ìåðåæ, âñ³ ÷îëîâ³êè, â³êîì 38–47 ð. Ç íèõ 146 
– åëåêòðîìîíòåðà êàáåëüíèõ ìåðåæ, ç³ ñòàæåì ðî-
áîòè ó ïðîôåñ³¿ 8–9 ðîê³â ñêëàëè îñíîâíó ãðóïó, à 57 
ïðàö³âíèê³â ³íøèõ ïðîôåñ³é – êîíòðîëüíó ãðóïó. 

Êë³í³÷í³ îáñòåæåííÿ ïðàö³âíèê³â ó â³äïîâ³äíîñò³ 
äî íàêàçó ÌÎÇ Óêðà¿íè â³ä 21 òðàâíÿ 2007 ðîêó ¹ 246 
çä³éñíþâàëè íà áàç³ ÄÏÑ ÌÑ× ¹ 18 ÌÎÇ Óêðà¿íè». 

Â çàëåæíîñò³ â³ä ê³ëüêîñò³ ñâèíöþ êðîâ³ ïàö³ºíòè 
áóëè ðîçïîä³ëåí³ íà 3 ãðóïè. Äî ² ãðóïè óâ³éøëè 
îñîáè, ùî â³äíåñåí³ äî íåáåçïå÷íèõ (çàãðîçëè-
âèõ çäîðîâ’þ) ð³âí³â ñâèíöþ êðîâ³ (2,12 ± 0,013 
ìêìîëü/ë); äî ²² ãðóïè â³äíåñåí³ îñîáè ç äîïóñòè-
ìèì âì³ñòîì ñâèíöþ êðîâ³ (ç âèðàæåíîþ àñòåíî-
âåãåòàòèâíîþ ñèìïòîìàòèêîþ) – ð³âåíü ñâèíöþ 
1,92 ± 0,013 ìêìîëü/ë; äî ²²² ãðóïè â³äíåñåí³ îñîáè 
ç äîïóñòèìèì âì³ñòîì ñâèíöþ êðîâ³ (ç îêðåìèìè 
ñèìïòîìàìè àñòåí³÷íîãî ñèíäðîìó) – ð³âåíü ñâèíöþ 
1,72 ± 0,028 ìêìîëü/ë. 

Óñ³ îáñòåæåí³ ïðàö³âíèêè áóëè îñîáàìè ÷îëîâ³÷î¿ 
ñòàòò³. Ñåðåäí³é â³ê ïðàö³âíèê³â ² ãðóïè (51 îñîáà) 
ñêëàâ 43,5 ± 1,3 ðîê³â; ²² ãðóïè (46 îñ³á) – 39,9 ± 1,8 
ðîê³â; ²²² ãðóïè (49 îñ³á) – 40,3 ± 1,4 ðîê³â. Ó êîíòðîëü-
íó ãðóïó óâ³éøëè 57 ïðàêòè÷íî çäîðîâèõ ÷îëîâ³ê³â, 
ñåðåäí³é â³ê ÿêèõ ñêëàâ 44,7 ± 1,5 ðîêè. Ïðàö³âíèêè 
îñíîâíî¿ òà êîíòðîëüíî¿ ãðóïè áóëè ðåïðåçåíòàòèâ-
íèìè çà â³êîì òà ñòàòòþ. 

Âèçíà÷åííÿ âì³ñòó ³íòåðëåéêèí³â (²L) ïðîâîäèëè 
ç âèêîðèñòàííÿì íàáîðó äëÿ IL ELISA kit Êàò. ¹ :108-
850 050 (Diaclone, France). Äëÿ çáîðó òà îáðîáêè 
ðåçóëüòàò³â äîñë³äæåíü áóëà ïîáóäîâàíà áàçà äàíèõ 
ó ôîðìàò³ Microsoft Excel 2007, ÿêà âêëþ÷àëà ðîçä³ëè 
â³ä äåìîãðàô³÷íèõ äàíèõ äî ðåçóëüòàò³â ìîí³òîðèíãó 
³ êë³í³÷íîãî ñïîñòåðåæåííÿ. Ç óðàõóâàííÿì 
â³äñóòíîñò³ àïð³îðíî¿ ³íôîðìàö³¿ ïðî âèä ðîçïîä³ëó 
çíà÷åíü ïîêàçíèê³â, ùî âèâ÷àëèñÿ ó âèá³ðêàõ, ââà-
æàëè äîö³ëüíèì âèêîðèñòîâóâàòè äëÿ ¿õ îáðîáêè 
êðèòåð³¿ ÿê ïàðàìåòðè÷íî¿ òàê ³ íåïàðàìåòðè÷íî¿ 
ñòàòèñòèêè. Áóëî âèêîðèñòàíî ïðîãðàìíå çàáåçïå-
÷åííÿ Statistica for Windows 6. 0 (Statsoft ²nc., CØÀ). 
Óñ³ äàí³, ðîçïîä³ë ÿêèõ íàáëèæàâñÿ äî íîðìàëüíîãî, 
ïðåäñòàâëåí³ ÿê ñåðåäíº òà ñòàíäàðòíå â³äõèëåííÿ 
(Ì ± SD), ³íø³ äàí³ – ÿê Ì òà 95 % äîâ³ð÷èé ³íòåðâàë 
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(95 % Ä²). Êîðåëÿö³éíèé àíàë³ç ïðîâîäè-
ëè ç ðîçðàõóíêîì ïàðíîãî êîåô³ö³ºíòó 
êîðåëÿö³¿ Ï³ðñîíà, ç âèçíà÷åííÿì éîãî 
äîñòîâ³ðíîñò³ òà êîåô³ö³ºíò³â ë³í³éíîãî 
ð³âíÿííÿ ðåãðåñ³¿. 

Äëÿ îö³íêè ä³àãíîñòè÷íî¿ åôå êòèâ-
íîñò³ îêðåìèõ ïîêàçíèê³â íà ìè âèçíà-
÷àëàñü ä³àãíîñòè÷íà (ïðî ãíîñòè÷íà) 
çíà÷èì³ñòü äëÿ îêðåìèõ ð³âí³â. Ïðîâî-
äèëè ðîçðàõóíîê òàêèõ ïàðàìåòð³â: 
÷óòëèâ³ñòü, ñïåöèô³÷í³ñòü, ä³àãíîñòè÷íà 
òî÷í³ñòü (åôåêòèâí³ñòü), â³äíîñí³ ðèçè-
êè. Äëÿ âñ³õ ä³àãíîñòè÷íèõ õàðàêòåðè-
ñòèê âèçíà÷àâñÿ äîâ³ð÷èé ³íòåðâàë òà 
ïðîâåäåíà ïåðåâ³ðêà ¿õ ñòàòèñòè÷íî¿ 
çíà÷èìîñò³ íà ð³âí³ íå íèæ÷å 95 %. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ 
îáãîâîðåííÿ. Àíàë³ç ð³âíÿ ÔÍÏ-α 

ïåðåâèùóâàëî ïîêàçíèêè ó ïðàêòè÷íî çäîðîâèõ îñ³á 
42,7 ± 1,25 ïã/ìë. 

Àíàë³çóþ÷è âì³ñò ïðîçàïàëüíîãî öèòîê³íó ²Ë-8 
çÿñîàí³ íàñòóïí³ îñîáëèâîñò³. Ó ² ãðóïè ïðàö³âíèê³â 
çíà÷åííÿ ïîêàçíèêà ñÿãàþòü 73,3 ± 0,48 ïã/ìë, ùî 
ó 1,45 ðàçè ïåðåâèùóº ïîêàçíèêè ïðàêòè÷íî çäî-
ðîâèõ îñ³á 50,22 ± 0,97 ïã/ìë (p < 0,05). Çíà÷åííÿ 
²Ë-8 ó ²² ãðóïè ïðàö³âíèê³â 78,8 ± 0,54 ïã/ìë ñòà-
òèñòè÷íî ïåðåâèùóº çíà÷åííÿ ïðàêòè÷íî çäîðî-
âèõ îñ³á (50,22 ± 0,97 ïã/ìë) ó 1,56 ðàç³â. Ó ²²² ãðóïè 
ïðàö³âíèê³â ð³âåíü ²Ë-8 ñêëàâ 47,7 ± 0,63 ïã/ìë, ùî ó 
1,05 ðàç³â íèæ÷å â³ä çíà÷åíü ïîêàçíèê³â ïðàêòè÷íî 
çäîðîâèõ îñ³á (50,22 ± 0,97 ïã/ìë). 

Îòðèìàí³ ó ðåçóëüòàò³ äîñë³äæåííÿ äàí³ íàâåäåí³ 
ó òàáë. 1. 

Òàêèì ÷èíîì, îòðèìàí³ ðåçóëüòàòè äîñë³äæåííÿ 
äîçâîëÿþòü ñòâåðäæóâàòè ïðî çì³íè ó öèòîê³íîâîìó 
ïðîô³ë³, ÿê³ â³äáóâàþòüñÿ ï³ä âïëèâîì ñâèíöþ, ñó-
ïðîâîäæóþòüñÿ ôîðìóâàííÿì ñèñòåìíî¿ çàïàëüíî¿ 
â³äïîâ³ä³ (ÑÑÇÂ), íîìåíêëàòóðà ÿêî¿ çàëåæèòü â³ä 
âì³ñòó êñåíîá³îòèêà. 

Ó ðàç³ åêñïîçèö³¿ ìàëèìè äîçàìè ñâèíöþ âæå 
ç ì³í³ìàëüíèì âì³ñòîì êñåíîá³îòèêà â êðîâ³ (²²² 
ãðóïà) âñòàíîâëåíî â³ðîã³äíå ïåðåâèùåííÿ ÔÍÏ- 
α. Â çâ’ÿçêó ç òèì, ùî öåé ïðîòèçàïàëüíèé öèòîê³í 
øâèäêî ðåàãóº íà ä³þ ôëîãîãåííèõ àãåíò³â, çîêðåìà, 
ñâèíöþ. Îäíàê, ó ²² ãðóïè ñïîñòåð³ãàºòüñÿ â³ðîã³äíå 
çíèæåííÿ âì³ñòó ÔÍÏ-α ïîíàä ãðóïó êîíòðîëþ òà 
ìàêñèìàëüíî öåé ïîêàçíèê çíèæóºòüñÿ ó ² ãðóïè 
ïðàö³âíèê³â. 

Â³äïîâ³äíî äî ë³òåðàòóðíèõ äàíèõ, îòðèìàíà 
âàð³àáåëüí³ñòü âì³ñòó ïîêàçíèêà ÔÍÏ-α ç ìàêñè-
ìàëüíèìè çíà÷åííÿìè â ²²² ãðóï³ ïðàö³âíèê³â äî 
â³ðîã³äíîãî çíèæåííÿ â ² ãðóï³ ìîæå áóòè îáóìîâ-
ëåíî, ïî-ïåðøå, àêòèâíèì ñèíòåçîì öèòîêèí³â íà 
ä³þ ôàêòîðó ìàëî¿ ³íòåíñèâíîñò³, ïî-äðóãå, ÔÍÏ-α 
øâèäêî çâ’ÿçóºòüñÿ ç ðåöåïòîðàìè îðãàí³â-ì³øåíåé 
òà øâèäêî åë³ì³íóºòüñÿ ç îðãàí³çìó. Îäíàê, ó ñâ³òë³ 
ñó÷àñíèõ äîñë³äæåíü, çíèæåííÿ ð³âíÿ ôàêòîðó íå-
êðîçó ïóõëèí-α ìîæå âèñòóïàòè ÿê ðàí³øí³é ìàðêåð 
ðîçâèòêó ã³ïåðêîàóãóëÿö³éíîãî ñèíäðîìó, ÿêèé ïðè-
çâîäèòü äî ñòèìóëÿö³¿ ñèíòåçó ³íã³á³òîðó àêòèâàö³¿ 
òêàíèííîãî ïëàçì³íîãåíó, ùî óòâîðþþòü âñ³ êë³òèíè 
ñóäèííî¿ ñò³íêè. Òàê³ çì³íè ñïðèÿþòü ïîðóøåííþ 

Òàáëèöÿ 1

Ð³âåíü öèòîêèí³â òà ÔÍÏ- α ó ïðàö³âíèê³â, 
åêñïîíîâàíèõ ñâèíöåì

Ïîêàçíèêè
Îäèíèö³ 
âèì³ðó

Îñíîâíà ãðóïà Ïðàêòè÷íî 
çäîðîâ³ 
îñîáè² ãðóïà ²² ãðóïà ²²² ãðóïà

Êëàñ 
íåáåçïåêè 
Pb-K

Îäèíèö³ 
âèì³ðó

Íåáåçïå÷í³ 
(çàãðîçëèâ³ 
äëÿ æèòòÿ)

Äîïóñòèì³ 
(íîñ³éñòâî 

ìåòàëó)

Äîïóñòèì³ 
(íîñ³éñòâî 

ìåòàëó)

Îïòèìàëüí³ 
(ô³ç³îëîã³÷íà 

íîðìà)

ÔÍÏ-α ïã/ìë 20,8 ± 0,33* 21,7 ± 0,44* 33,7 ± 0,4* 24,2 ± 0,90

²Ë-1 ïã/ìë 22,5 ± 0,14* 29,7 ± 0,33* 39,2 ± 0,5* 26,0 ± 0,71

²Ë-2 ïã/ìë 10,06 ± 0,11* 10,5 ± 0,26* 16,4 ± 0,4* 12,75 ± 0,78

²Ë-6 ïã/ìë 67,9 ± 0,63* 53,5 ± 0,52* 43,2 ± 0,49 42,7 ± 1,25

²Ë-8 ïã/ìë 73,3 ± 0,48* 78,8 ± 0,54* 47,7 ± 0,63* 50,22 ± 0,97

Ïðèì³òêà: *â³ðîã³äí³ â³äì³ííîñò³ ïîêàçíèê³â ó õâîðèõ îñíîâíî¿ òà ãðóïè ïðàêòè÷íî 

çäîðîâèõ îñ³á (ð < 0,05). 

âñòàíîâèâ, ùî ó ² ãðóïè ïðàö³âíèê³â ñïîñòåð³ãàºòüñÿ 
çíèæåííÿ éîãî ð³âíÿ ó 1,1 6 ðàç³â (20,8 ± 0,33 ïã/
ìë ) ó ïîð³âíÿíí³ ç ãðóïîþ ïðàêòè÷íî çäîðîâèõ îñ³á 
(24,2 ± 0,90 ïã/ìë; p < 0,05) (òàáë. 1). Äëÿ ²² ãðóïè 
ïðàö³âíèê³â áóëî õàðàêòåðíèì â³ðîã³äíå çíèæåí-
íÿ ïîêàçíèêà ÔÍÏ-α ó 1,11 ðàç³â (21,7 ± 0,44 ïã/
ìë) ó ïîð³âíÿíí³ ç ãðóïîþ ïðàêòè÷íî çäîðîâèõ îñ³á 
(24,2 ± 0,90 ïã/ìë). Ó ²²² ãðóïè ïðàö³âíèê³â çíà÷åííÿ 
ÔÍÏ-α â³ðîã³äíî ïåðåâèùóâàëè çíà÷åííÿ ïîêàçíèê³â 
ïðàêòè÷íî çäîðîâèõ îñ³á (24,2 ± 0,90 ïã/ìë; p < 0,05) 
ó 1,4 ðàçè òà ñòàíîâèëî 33,7 ± 0,4 ïã/ìë. Ðîçá³æí³ñòü 
ïîêàçíèêà ÔÍÏ-α ó ñèðîâàòö³ êðîâ³ ì³æ ãðóïàìè 
äîñë³äæóâàíèõ ïðàö³âíèê³â â³ðîã³äí³ (p < 0,05). Ìàê-
ñèìàëüíå çíà÷åííÿ ïîêàçíèêà âñòàíîâëåíî ó ²²² ãðóïè 
îáñòåæåíèõ (33,7 ± 0,4 ïã/ìë), ì³í³ìàëüíå çíà÷åííÿ ó 
² ãðóïè ïðàö³âíèê³â (20,8 ± 0,33 ïã/ìë; p < 0,05). 

Âì³ñò ïðîçàïàëüíîãî ³íòåðëåéê³íó (²Ë)-1 êîëè-
âàâñÿ â çàëåæíîñò³ â³ä ð³âíþ ñâèíöþ ó êðîâ³. Òàê, ó ² 
ãðóïè çíà÷åííÿ ïîêàçíèêà ñòàíîâëÿòü 22,5 ± 0,14 ïã/
ìë, ùî ó 1,15 ðàç³â ìåíø â³ä ïîêàçíèêà ó ïðàêòè÷íî 
çäîðîâèõ îñ³á (26,0 ± 0,71 ïã/ìë; p < 0,05). Âì³ñò ²Ë-1 
ó ²² ãðóïè â³ðîã³äíî ïåðåâèùóº çíà÷åííÿ ïîêàçíèê³â 
ó ïðàêòè÷íî çäîðîâèõ îñ³á ó 1,14 ðàçè òà ñòàíîâèòü 
29,7 ± 0,3 ïã/ìë (p < 0,05). Ó ²²² ãðóïè ïîêàçíèê ²Ë-1 
ìàâ íàéá³ëüøå çíà÷åííÿ ³ ñòàíîâèâ 39,2 ± 0,5 ïã/ìë, 
ùî ó 1,5 ðàçè ïåðåâèùóº ïîêàçíèêè ãðóïè ïðàêòè÷-
íî çäîðîâèõ îñ³á (26,0 ± 0,71 ïã/ìë). Ðîçá³æíîñò³ ì³æ 
ãðóïàìè òà ãðóïîþ ïðàêòè÷íî çäîðîâèõ îñ³á áóëè 
äîñòîâ³ðí³ (p < 0,05). 

Âèõîäÿ÷è ç îòðèìàíèõ äàíèõ ²Ë-1 ó ²²² ãðóïè 
ïðàö³âíèê³â ìàâ ìàêñèìàëüí³ çíà÷åííÿ (39,2 ± 0,5 ïã/
ìë) ç ïîñòóïîâèì çíèæåííÿì ¿õ äî ð³âíÿ 22,5 ± 0,14 
ïã/ìë ó ² ãðóïè ïðàö³âíèê³â. 

Àíàë³çóþ÷è âì³ñò ïðîçàïàëüíîãî öèòîê³íó 
²Ë-6 ç’ÿñîâàíî, ùî ó ² ãðóïè çíà÷åííÿ ïîêàçíèêà 
(67,9 ± 0,63 ïã/ìë) â³ðîã³äíî ïåðåâèùóâàëè ó 1,59 
ðàç³â àíàëîã³÷í³ â ãðóïï³ ïðàêòè÷íî çäîðîâèõ îñ³á 
(42,7 ± 1,25 ïã/ìë) òà ìàëè íàéâèù³ ð³âí³ (p < 0,05). 
Çíà÷åííÿ ïîêàçíèêà ²Ë-6 ó ²² ãðóïè îáñòåæåíèõ ñÿ-
ãàëè 53,5 ± 0,52 ïã/ìë, ùî ó 1,25 ðàçè ïåðåâèùóâàëè 
ïîêàçíèêè ó ïðàêòè÷íî çäîðîâèõ îñ³á (42,7 ± 1,25 ïã/
ìë; p < 0,05). Ó ²²² ãðóïè îáñòåæåíèõ õâîðèõ çíà÷åííÿ 
ïîêàçíèêà ²Ë-6 ñòàíîâèëè 43,2 ± 0,49 ïã/ìë, ùî íå 
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ñóäèííîãî ãåìîñòàçó, ùî çíèæóº 
àêòèâí³ñòü ô³áðèíîë³òè÷íî¿ ñèñòå-
ìè òà ïðèçâîäèòü äî ïîã³ðøåííÿ 
ðåîëîã³÷íèõ âëàñòèâîñòåé êðîâ³ ó 
ñóäèíàõ, ï³äâèùóº ³ìîâ³ðí³ñòü âè-
íèêíåííÿ ñóäèííîãî òðîìáîçó. 

Òàê, ïåðøèìè ó ñèñòåìó öèòî-
ê³íîâî¿ êîîïåðàö³¿ âñòóïàþòü ïðî-
çàïàëüí³ ³íòåðëåéêèíè 1,2 òà ÔÍÏ-
α, ùî ìàþòü ìàêñèìàëüí³ çíà÷åííÿ 
ó ²²² ãðóïè ïðàö³âíèê³â ç ïîñòóïîâèì 
çíèæåííÿì ð³âíÿ íèæ ÷å çíà÷åíü 
ïðàêòè÷íî çäîðîâèõ îñ³á ó ² ãðóïè 
ïðàö³âíèê³â. 

Çâàæàþ÷è íà òå, ùî ÔÍÏ-£ òà 
²Ë-1 âèñòóïàþòü ³íäèêòîðàìè ñèí-
òåçó ²Ë-6, îòðèìàí³ çì³íè âì³ñòó 
ÿêîãî õàðàêòåðèçóþòüñÿ ïîñòóïî-
âèì çá³ëüøåííÿì ç íàéá³ëüøèì 
âì³ñòîì ó ² ãðóïè. Â³äïîâ³äíî äî 
ë³òåðàòóðíèõ äàíèõ äîâåäåíî 
ä³¿ ²Ë-6 ó ã³ïåðïðîäóêö³¿ ãîñòðî-
ôàçîâèõ á³ëê³â – Ñ-ðåàêòèâíîãî 
ïðîòå¿íó, ô³áðèíîãåíó. 

Îòðèìàí³ çì³íè ²Ë-8, ùî íàëå-
æèòü äî ãðóïè õåìîê³í³â õàðàêòå-
ðèçóâàëèñÿ ïåðåâèùåííÿì éîãî 
âì³ñòó ó ïàö³ºíò³â ²² òà ² ãðóï õâîðèõ. 
Â³äïîâ³äíî äî ë³òåðàòóðíèõ äàíèõ 
³íòåðëåéê³í-8 âèñòóïàº ìàðêåðîì 
ãîñòðîòè ïåðåá³ãó çàõâîðþâàííÿ 
òà ìîæå ðîçãëÿäàòèñÿ ÿê ïðîãíî-
ñòè÷íèé ìàðêåð éîãî ïåðåá³ãó. 

â³äïîâ³äíî 72,10 ± 1,02 ïã/ìë òà 68,3 ± 0,97 ïã/ìë. 
Ìàêñèìàëüíå ïåðåâèùåííÿ çíà÷åíü âì³ñòó ²Ë-10 ó 
1,12 ðàç³â â³äçíà÷åíî ó ² ãðóïè ïðàö³âíèê³â â³äïîâ³äíî 
77,15 ± 1,22 ïã/ìë òà 68,3 ± 0,97 ïã/ìë. 

Òàêèì ÷èíîì, îòðèìàí³ çì³íè â ñèñòåì³ ïðîòèçà-
ïàëüíèõ öèòîêèí³â ï³äòâåðäæóþòü ó÷àñòü öèòîêèí³â ó 
ôîðìóâàíí³ ñïåöèô³÷íî¿ ³ìóííî¿ â³äïîâ³ä³. 

Ïðîòèçàïàëüí³ öèòîê³íè -4 òà -10 ³íã³áóþòü çà-
ïàëåííÿ òà ñèíòåç ïðîòèçàïàëüíèõ öèòîêèí³â, àêòè-
âóâàííÿ àêòèâíèõ ôîðì êèñíþ, ùî óçãîäæóºòüñÿ ç 
ë³òåðàòóðíèìè äàíèìè. Íàéá³ëüø àêòèâíî â ñèñòå-
ìó ïðîòèçàïàëüíî¿ â³äïîâ³ä³ çàëó÷àºòüñÿ ²Ë-4, ùî 
ï³äòâåðäæóºòüñÿ ïåðåâèùåííÿì öüîãî ïîêàçíèêà ó 
²²² ãðóïè ïðàö³âíèê³â ç ïîñòóïîâèì çíèæåííÿì éîãî 
âì³ñòó ó ² ãðóïè. Äîâåäåíà â ë³òåðàòóðíèõ äàíèõ 
ïîåòàïí³ñòü âêëþ÷åííÿ â ïðîòèçàïàëüíó â³äïîâ³äü 
²Ë-10, ï³äòâåðäæóºòüñÿ íåçì³ííèì ð³âíåì ó ²²² ãðóïè 
ïðàö³âíèê³â òà ï³äâèùåííÿì âì³ñòó ²Ë-10 ó ²² òà ² 
ãðóïè ç ìàêñèìàëüíèì çíà÷åííÿì ó îñòàííüî¿ ãðóïè. 

Òàêèì ÷èíîì, îòðèìàíèé äèñáàëàíñ â ñèñòåì³ 
êîîïåðàö³¿ öèòîê³íîâî¿ â³äïîâ³ä³ ì³æ ñèñòåìîþ ïðî-
çàïàëüíèõ òà ïðîòèçàïàëüíèõ öèòîêèí³â ï³äêðåñëþº 
âàæëèâ³ñòü ä³àãíîñòèêè ïîðóøåíü â çàëåæíîñò³ â³ä 
âì³ñòó ñâèíöþ êðîâ³. 

Ç ìåòîþ âèçíà÷åííÿ ïðîãíîñòè÷íî¿ îö³íêè 
ð³âí³â öèòîêèí³â,íàìè áóëà ïðîâåäåíî âèçíà-
÷åííÿ ïðîãíîñòè÷íî¿ òî÷í³ñò³ äëÿ âñ³õ íàâåäåíèõ 
ïîêàçíèê³â. 

Òàáëèöÿ 2

Ð³âåíü ïðîòèçàïàëüíèõ öèòîêèí³â ó ïðàö³âíèê³â, 
åêñïîíîâàíèõ ñâèíöåì

Ïîêàçíèêè
Îä. 

âèì³ðó
Îñíîâíà ãðóïà Ãðóïà ïðàêòè÷íî 

çäîðîâèõ îñ³á² ãðóïà ²² ãðóïà ²²² ãðóï

Êëàñ 
íåáåçïåêè 
Pb-K

Îäèíèö³ 
âèì³ðó

Íåáåçïå÷í³ 
(çàãðîçëèâ³ 
äëÿ æèòòÿ)

Äîïóñòèì³ 
(íîñ³éñòâî 

ìåòàëó)

Äîïóñòèì³ 
(íîñ³éñòâî 

ìåòàëó)

Îïòèìàëüí³ 
(ô³ç³îëîã³÷íà 

íîðìà)

²Ë-4 ïã/ìë 29,5 ± 0,18* 30,03 ± 0,29* 38,4 ± 0,72* 32,71 ± 0,89

²Ë-10 ïã/ìë 77,15 ± 1,22* 72,10 ± 1,02* 65,22 ± 1,54 68,3 ± 0,97

Ïðèì³òêà: *â³ðîã³äí³ â³äì³ííîñò³ ïîêàçíèê³â ó õâîðèõ îñíîâíî¿ òà ãðóïè ïðàêòè÷íî çäîðîâèõ 

îñ³á (Ð < 0,05). 

Çâàæàþ÷è íà òå, ùî âàæëèâå ì³ñöå ó öèòîê³íîâî¿ 
â³äïîâ³ä³ â³äâåäåíî ïðîòèçàïàëüíèì öèòîê³íàì, íàìè 
ïðîâåäåíî âèâ÷åííÿ ¿õ âì³ñòó ó êðîâ³ ïðàö³âíèê³â, åê-
ñïîíîâàíèõ ñâèíöåì (òàáë. 2). 

Â ðåçóëüòàò³ äîñë³äæåííÿ âñòàíîâëåíî, ùî âì³ñò 
ïðîòèçàïàëüíîãî öèòîê³íó ²Ë-4 ìàº íàéá³ëüøå çíà-
÷åííÿ ó ²²² ãðóïè ïðàö³âíèê³â 38,4 ± 0,72 ïã/ìë, òà ó 
1,17 ðàç³â ïåðåâèùóº ïîêàçíèêè ïðàêòè÷íî çäîðî-
âèõ îñ³á (32,71 ± 0,89 ïã/ìë). Ïîñòóïîâî çíèæåííÿ 
ð³âíþ ²Ë-4 â³äáóâàºòüñÿ ó ²² ãðóïè ïðàö³âíèê³â äî 
çíà÷åíü 30,03 ± 0,29 ïã/ìë, ùî ó 1,08 ðàç³â ìåíøå çà 
çíà÷åííÿ ïðàêòè÷íî çäîðîâèõ îñ³á (32,71 ± 0,89 ïã/
ìë). Ìàêñèìàëüíå íèçüê³ çíà÷åííÿ öèòîê³íó âñòà-
íîâëåíî ó ² ãðóïè ïðàö³âíèê³â 29,5 ± 0,18 ïã/ìë, ùî ó 
1,1 ðàçè ìåíø çà çíà÷åííÿ ïðàêòè÷íî çäîðîâèõ îñ³á 
(32,71 ± 0,89 ïã/ìë). 

Àíàë³çóþ÷è çíà÷åííÿ ïðîòèçàïàëüíîãî ²Ë-
10, âñòàíîâëåíî, ùî ó ²²² ãðóïè ïðàö³âíèê³â ð³âåíü 
öèòîê³íó íå ïåðåâèùóº çíà÷åííÿ ïðàêòè÷íî çäîðî-
âèõ îñ³á, â³äïîâ³äíî 65,22 ± 1,54 ïã/ìë òà 68,3 ± 0,97 
ïã/ìë. 

Ïðè àíàë³ç³ âì³ñòó ïðîòèçàïàëüíîãî ³íòåðëåéêèíó 
-10 âñòàíîâëåí³ òàê³ çàêîíîì³ðíîñò³: ó ²²² ãðóïè 
ïðàö³âíèê³â çíà÷åííÿ ïîêàçíèêà íå ïåðåâèùó-
âàëè çíà÷åííÿ ïðàêòè÷íî çäîðîâèõ îñ³á òà ñÿ-
ãàëè 65,22 ± 1,54 ïã/ìë. Ó ²² ãðóïè ïðàö³âíèê³â 
ñïîñòåð³ãàºòüñÿ ïåðåâèùåííÿ ïîêàçíèêà ïîíàä 
çíà÷åííÿ ïðàêòè÷íî çäîðîâèõ îñ³á ó 1,05 ðàçè, 

Òàáëèöÿ 3
Ïðîãíîñòè÷íà îö³íêà ð³âí³â öèòîê³í³â, ùî àñîö³þºòüñÿ ç íåáåç-

ïå÷íèìè ð³âíÿìè ñâèíöþ êðîâ³

Ïîêàçíèê
Ïîðîãîâ³ 
çíà÷åííÿ

×óòëèâ³ñòü,
 % (95 %Ä²) 

Ñïåöèô³÷-
í³ñòü,

 % (95 %Ä²)

Ïðîãíîñòè÷íà 
åôåêòèâí³ñòü
(òî÷í³ñòü) ( %)

Îö³íêà àäå-
êâàò íîñò³ 

ìîäåë³ (AUC, p)

ÔÍÏ-α    25,85
95,45

(84,5 - 99,4)
62,79 

(46,7 - 77,0)
79,1

AUC = 0,797; 
p = 0,0001

IL1    32
95,45

(84,5 - 99,4)
72,09 

(56,3 - 84,7)
83,8

AUC = 0,884; 
p = 0,0001

IL2    12
97,73

(88,0 - 99,9)
72,09 

(56,3 - 84,7)
84,9

AUC = 0,854; 
p = 0,0001

IL4    32
88,64

(75,4 - 96,2)
69,77 

(53,9 - 82,8)
79,2

AUC = 0,790; 
p = 0,0001

IL6 > 56
79,55

(64,7 - 90,2)
95,35

 (84,2 - 99,4)
87,5

AUC = 0,750; 
p = 0,0001

²l10 > 73
65,91

(50,1 - 79,5)
86,05

 (72,1 - 94,7)
76,0

AUC = 0,826; 
p = 0,0001

IL8 > 66,7
95,45

(84,5 - 99,4)
65,12 

(49,1 - 79,0)
80,3

AUC = 0,704; 
p = 0,001
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Ïðîãíîñòè÷íà îö³íêà ð³âí³â öèòîê³í³â, ùî 

àñîö³þºòüñÿ ç âèñîêèìè ð³âíÿìè ñâèíöþ êðîâ³ íàâå-

äåíî â òàáëèö³ 3. 

Ïðîãíîñòè÷íà òî÷í³ñòü äëÿ âñ³õ íàâåäåíèõ 

ïîêàçíèê³â êîëèâàºòüñÿ â ìåæàõ 76,0 – 87,5 %. Âñ³ 

ìîäåë³ çà öèòîê³íàìè º ñòàòèñòè÷íî çíà÷èìèìè 

(p < 0,05) òà õàðàêòåðèçóþòüñÿ âèñîêèìè ïàðàìå-

òðàìè ÷óòëèâîñò³ òà ñïåöèô³÷íîñò³ ïîðîãîâèõ ð³âí³â 

ïîêàçíèê³â. Ïðè âèñîêèõ êîíöåíòðàö³ÿõ ñâèíöþ 

íàéá³ëüø ñóòòºâî çðîñòàº ðèçèê çíèæåííÿ ÔÍÏ-α 

Òàáëèöÿ 4

Îö³íêà â³äíîñíîãî ðèçèêó â³äõèëåíü öèòîêèí³â (RR) 
ïðè íåáåçïå÷í³é êîíöåíòðàö³¿ ñâèíöþ ó êðîâ³

Ïîêàçíèê
Ïîðîãîâ³ 
çíà÷åííÿ

Â³äíîñíèé ðèçèê â³äõèëåíü 
â³äíîñíî ïîðîãîâîãî ð³âíÿ 

ïîêàçíèêà (RR)

RR
(95 %Ä²)

ÔÍÏ-α    25,85 10,50 2,73 – 40,37 *

IL1    32 12,83 3,32 – 49,54 *

IL2    12 25,02 3,62 – 173,09 *
IL4    32 5,25 2,30 – 12,00 *
IL6 > 56 5,26 2,89 – 9,54 *
²L10 > 73 2,87 1,83 – 4,52 *
IL8 > 66,7 11,05 2,87 – 42,55 *

Ïðèì³òêà: * – ñòàòèñòè÷íî çíà÷èìà îö³íêà ïîêàçíèêà â³äíîñíîãî ðèçèêó (p < 0,05); 

95 % Ä² – äîâ³ð÷èé ³íòåðâàë. 

Ðèñ. Â³äíîñíèé ðèçèê â³äõèëåííÿ ïîêàçíèê³â â³äíîñíî ïîðîãîâèõ 

ð³âí³â ïðè íåáåçïå÷íèõ ð³âíÿõ ñâèíöþ ó êðîâ³. 

(â 10,5 ðàç³â), IL1 (â 12,3 ðàçè), IL2 (â 25 
ðàç³â) òà ï³äâèùåííÿ IL8 (â 11,05 ðàçà). 

Ó òàáëèö³ 4 íàâåäåíà ïðîãíîñòè÷íà 
îö³íêà ð³âí³â öèòîêèí³â, ùî àñîö³þºòüñÿ ç 
âèñîêèìè ð³âíÿìè ñâèíöþ êðîâ³. 

Äëÿ íàâåäåíèõ ïîêàçíèê³â ïðèòà-
ìàííèé çíà÷íèé ð³âåíü ãåòåðîãåííîñò³ 
â³äíîñíèõ ðèçèê³â öèòîêèí³â – êîåô³ö³ºíò 
ãåòåðîãåííîñò³ ²2 = 65,3 %, ð = 0,0001 
(ðèñ.). 

Âèñíîâêè. 
1. Îñîáëèâîñò³ òîêñè÷íîãî âïëè-

âó ñâèíöþ íà ³ìóíîçàïàëüí³ ñóäèíí³ 
ðåàêö³¿ ÿê ôàêòîðà ìàëî¿ ³íòåíñèâíîñò³ 
ïîëÿãàþòü â òîìó, ùî çàëåæíî â³ä ð³âíÿ 
ñâèíöþ êðîâ³ çä³éñíþºòüñÿ ïîåòàïíà 
çì³íà öèòîê³íîâîãî ïðîô³ëþ. Íîìåíêëà-
òóðà ³ âèðàæåí³ñòü öèõ çì³í â äèíàì³ö³ 
õðîí³÷íîãî âïëèâó õàðàêòåðèçóºòüñÿ 
êàñêàä íîþ çì³íîþ äîñë³äæóâàíèõ öèòî-
êèí³â, ó çâ’ÿçêó ç ÷èì, äëÿ êîæíî¿ ñòàä³¿ 
öèòîê³íîâî¿ â³äïîâ³ä³ õàðàêòåðí³ ñâî¿ 
êîíñòàíòè: äëÿ ²²² ãðóïè – ï³äâèùåííÿ 
ð³âíÿ ÔÍÏ – α; ³ë-1; ³ë-2 ïðè â³äñóòíîñò³ 
çì³í ³Ë-6 ³ çíèæåíí³ ³Ë-8; äëÿ ²² çíèæåííÿ 
ÔÍÎ- α; ³ë-2; ïðè ï³äâèùåíîìó ð³âí³ ³Ë-1, 
³Ë-6 òà ³Ë-8; äëÿ ² ãðóïè çíèæåííÿ ÔÍÎ 
– α, ²Ë-1, ³Ë-2, íà òë³ ï³äâèùåíîãî ð³âíÿ 
³Ë-6, ³Ë-8. 

2. Ïðîãíîñòè÷íà òî÷í³ñòü äëÿ âñ³õ íà-
âåäåíèõ ïîêàçíèê³â êîëèâàºòüñÿ â ìåæàõ 
76,0 – 87,5 %. Âñ³ ìîäåë³ çà öèòîê³íàìè 

º ñòàòèñòè÷íî çíà÷èìèìè (p < 0,05) òà õàðàêòå-
ðèçóþòüñÿ âèñîêèìè ïàðàìåòðàìè ÷óòëèâîñò³ òà 
ñïåöèô³÷íîñò³ ïîðîãîâèõ ð³âí³â ïîêàçíèê³â. 

Ïåðñïåêòèâè ïîäàëüøîãî çàñòîñóâàííÿ. 
Âèçíà÷åííÿ ð³âíÿ ïîðîãîâèõ çíà÷åíü ïîêàçíèê³â 
öèòîêèí³â ñïðèÿº ïîêðàùåííþ ñòðàòèô³êàö³¿ ïðî-
ãíîçó ðèçèêó óñêëàäíåíü òà ôîðìóâàííÿ ðåàë³çàö³¿ 
ïðîô³ëàêòè÷íèõ çàõîä³â. Âèâ÷àþòüñÿ ïîðîãîâ³ ð³âí³ 
ïîêàçíèê³â äëÿ ïîêàçíèê³â öèòîê³íîâîãî ïðîô³ëþ çà 
óìîâ åêñïîçèö³¿ ñâèíöåì, ùî ñòâîðþº ï³ä´ðóíòÿ äëÿ 
ðîçðîáêè ïðîô³ëàêòè÷íèõ òà ë³êóâàëüíèõ çàõîä³â. 
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The Prognostic Potential of the Markers the Proinflammatory Activation with Exposure by Lead
Karlova E. A., Yavorovsky A. P., Tchaikovsky Y. B., Brezhneva V. E. 
Abstract. The role of lead as chemical factors in the formation of many cardiovascular diseases has been 

proven by numerous studies in recent years, including studies of early atherosclerosis, hypertension and coronary 
heart disease. 

These studies demonstrate the prevalence of hypertension in people who professional contact with lead in 
relatively low concentrations, accompanied by the formation of the initial changes in the form of blood pressure 
lability with a tendency to the formation of arterial hypertension. The foundation of cardiovascular problems are the 
immunoinflammatory processes with cytokines. 

The purpose of this study is to investigate changes of pro – and anti-inflammatory cytokines with the performance 
assessment of prognostic value in the exposure by lead. 

The study involved 203 patients who were examined at the base of SES MSP number 18 of MOH of Ukraine 
in Kiev, which had a direct professional contact with lead. Patients were divided into 3 groups depending on the 
amount of lead levels. The persons with hazardous (dangerous to health) blood lead levels (2,12 ± 0,013 mcmol / l) 
included to the 1st group , patients with acceptable lead content of blood included to the second group. However, 
two groups of patients was identified according to clinical manifestations of the patients: second group – the level 
of lead 1,92 ± 0,013 mcmol / l, the third group – the level of lead 1,72 ± 0,028 mcmol / l. Studied patients were male. 
The average age of the patients of the 1st group (51 persons ) was 43,5 ± 1,3 years; 2nd (46 people ) – 39,9 ± 1,8 
years, 3rd (49 people ) – 40,3 ± 1. 4 years. The control group included 57 healthy patients (males), average age was 
44,7 ± 1,5 years. It was detected the changes of humoral immunity depending on the lead content of blood. 

Results. The features of the toxic effects of lead on vascular immunoinflammatory response as a factor of low 
intensity lies in gradual changes of cytokine profile depending on the level of blood lead. The range and severity of 
these changes is characterized by a cascade change of the cytokines , and therefore, for each stage of cytokine 
responses characterized by its constant: for Group III – increasing TNF – α, IL-1, IL-2, no change of IL-6 and IL-8 
reduction; for second group II – reduced secretion TNF – α, IL-2, which causes depletion of secretory capacity of 
cells and stimulating effect on IL-6, with increased levels of IL-1, there is an increase levels of IL-6 and IL-8; for the 
first group found depletion of secretory ability of cells for TNF – α, IL-1, IL-2, due to high levels of IL-6, IL-8. 

 Predictive accuracy for all of these indicators varies between 76.0 – 87.5 %. All models with cytokines are sta-
tistically significant (p < 0,05) and are characterized by high sensitivity and specificity parameters of the indicator 
thresholds. At high concentrations of lead in most significantly increases the risk of reduction of TNF-α (in 10.5 
times), IL-1 (in 12. 3times), IL-2 (in 25 times), and increase IL-8 (in 11.05 times). 

Conclusions. Complex investigations the content of proinflammatory cytokines are allow identify the main links 
of the developing imbalance in cytokine system, and points to their dependence on blood lead levels. 

Keywords: lead, tumor necrosis factor, interleukins. 
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