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Äàíà ðîáîòà º ôðàãìåíòîì íàóêîâî¿ òåìè «Ðîç-
âèòîê ³ ìîðôî-ôóíêö³îíàëüíèé ñòàí îðãàí³â ³ òêà-
íèí åêñïåðèìåíòàëüíèõ òâàðèí ³ ëþäåé ó íîðì³, â 
îíòîãåíåç³ ï³ä âïëèâîì çîâí³øí³õ ôàêòîð³â», ¹ äåðæ. 
ðåºñòðàö³¿ 0111U009598. 

Âñòóï. Ïîãëèáëåííÿ çàãàëüíîãî åêîëîã³÷íîãî 
äèñáàëàíñó ñïðèÿº ïîñò³éíîìó çá³ëüøåííþ ³íòåí-
ñèâ íîñò³ õ³ì³÷íîãî íàâàíòàæåííÿ íà îðãàí³çì ëþ-
äèíè ³ òâàðèí [1, 5, 9]. Ñâèíåöü (Pb) ³ êàäì³é (Cd) 
º íàéá³ëüø ðîçïîâñþäæåíèìè òîêñèêàíòàìè â 
Óêðà¿í³. Âîíè çóìîâëþþòü çá³ëüøåííÿ âì³ñòó òîê-
ñè÷íèõ ïðîäóêò³â ó êðîâîíîñí³é ñèñòåì³ é îðãàíàõ, 
çä³éñíþþòü íåãàòèâíèé âïëèâ íà ôóíêö³îíàëüíèé 
ñòàí îðãàí³çìó. Õàðàêòåð ¿õ ðîçïîä³ëó ³ ñòóï³íü íà-
êîïè÷åííÿ â òêàíèíàõ çàëåæèòü â³ä ñïîð³äíåíîñò³ ç 
ð³çíèìè ñòðóêòóðàìè òà á³îõ³ì³÷íèìè êîìïîíåíòàìè 
òêàíèí ³ îðãàí³â, ù³ëüíîñò³ óòâîðåííÿ êîìïëåêñ³â ³ 
øâèäêîñò³ åë³ì³íàö³¿ [1, 3, 5, 7, 8]. Íàãðîìàäæåí-
íÿ Cd ³ Pb â îðãàí³çì³ ëþäåé çà÷³ïàº ãîìåîñòàç 
êàëüö³þ (Ñà), ÿêèé çàä³ÿíèé â áàãàòüîõ á³îõ³ì³÷íèõ 
³ ô³ç³îëîã³÷íèõ ïðîöåñàõ îðãàí³çìó [2, 4, 6]. Êîëè-
âàííÿ âì³ñòó Ñà ï³ä ä³ºþ âàæêèõ ìåòàë³â âïëèâàº 
íà ñòðóêòóðó ê³ñòîê, à àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè 
(ËÔ ) ïðÿìî ïðîïîðö³éíà ñòóïåíþ äåêàëüöèíàö³¿ 
ê³ñòêîâîãî ìàòðèêñó [2, 4]. 

Ìåòà äîñë³äæåííÿ. Âñòàíîâëåííÿ âçàºìî-
çâ’ÿçêó ì³æ çàãàëüíèì âì³ñòîì Ñà òà ËÔ îðãàí³çì³ 
ùóð³â â óìîâàõ îêðåìîãî ³ ñïîëó÷åíîãî âïëèâó Cd ³ 
Pb ó êîíöåíòðàö³¿ 1/10 LD

50
. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äè ïðî-
âîäèëè íà ñòàòåâîçð³ëèõ ùóðàõ-ñàìöÿõ ïîðîäè 
‘’Â³ñòàð» ç âèõ³äíîþ ìàñîþ ò³ëà 200-230 ã. Óòðèìàí-
íÿ òâàðèí òà åêñïåðèìåíòè ïðîâîäèëèñÿ â³äïîâ³äíî 
äî ïîëîæåíü «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çà-
õèñò õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ 
åêñïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 
1985), «Çàãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â 
íà òâàðèíàõ», óõâàëåíèõ Ïåðøèì íàö³îíàëüíèì êîí-
ãðåñîì ç á³îåòèêè (Êè¿â, 2001). 

Âèêîðèñòîâóâàëè 4 ãðóïè òâàðèí ïî 10 îñîáèí 
ó êîæí³é. Ùóðàì 1-¿ (êîíòðîëüíî¿) ãðóïè óâîäèëè 
âíóòð³øíüîî÷åðåâèííî 0,9 %-íèé ðîç÷èí NaCl. Íà-
âàíòàæåííÿ âàæêèìè ìåòàëàìè çä³éñíþâàëè ùîäíÿ 
ïðîòÿãîì 10 äí³â øëÿõîì âíóòð³øíüîî÷åðåâèííîãî 
ââåäåííÿ õëîðèäó êàäì³þ – 2 ãðóïà é àöåòàòó ñâèíöþ 
– 3 ãðóïà ïî 1/10 LD

50
 ó 1 ìë 0,9 %-íîãî ðîç÷èíó NaCl 

òà ñóì³ø³ ñîëåé öèõ ìåòàë³â ó òèõ æå êîíöåíòðàö³ÿõ 
– 4 ãðóïà. Â³äíîâíèé ïåð³îä ñêëàäàâ 15 ³ 30 ä³á. 

Ó ñèðîâàòö³ êðîâ³ ùóð³â âèçíà÷àëè êîíöåíòðàö³¿ 
êàëüö³þ (ììîëü/ë) ³ àêòèâí³ñòü ËÔ (ÌÅ/ë). 

Ïîð³âíÿííÿ ñòàòèñòè÷íèõ õàðàêòåðèñòèê â ð³ç-
íèõ ãðóïàõ ³ â äèíàì³ö³ ñïîñòåðåæåííÿ ïðîâîäè-
ëîñü ç âèêîðèñòàííÿì ïîïàðíîãî ïîð³âíÿííÿ çà 
êðèòåð³ÿìè Íüþìàíà-Êåéëñà (Newman-Keuls) ³ Äàí-
íåòà (Dunnett); â³ðîã³äí³ñòü â³äì³ííîñòåé â³äíîñíèõ 
ïîêàçíèê³â – çà êðèòåð³ºì Õ³-êâàäðàò Ï³ðñîíà (c2) ³ 
äâîñòîðîíí³ì òî÷íèì êðèòåð³ºì Ô³øåðà. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ùîäåííå óâåäåííÿ òâàðèíàì NaC² íå âïëèâàëî íà 
êîíöåíòðàö³þ Ñà é àêòèâí³ñòü ËÔ ó ñèðîâàòö³ êðîâ³. 
Âåëè÷èíè öèõ ïîêàçíèê³â ïðîòÿãîì âñüîãî åêñïåðè-
ìåíòó çàëèøàëèñÿ â ö³é ãðóï³ â ìåæàõ âèõ³äíèõ. ×åðåç 
10 ä³á çàïàëó â 2-é ãðóï³ âèÿâëÿëîñÿ äîñòîâ³ðíå 
çíèæåííÿ ð³âíÿ Ñà ³ ëèøå òåíäåíö³ÿ äî ï³äâèùåííÿ 
àêòèâíîñò³ ËÔ. (p < 0,05-0,01). Ó âñ³õ òâàðèí 3-¿ 
ãðóï³ ñïîñòåð³ãàëîñÿ á³ëüø âèðàæåíå çìåíøåííÿ 
êîíöåíòðàö³¿ Ñà ³ çá³ëüøåííÿ àêòèâíîñò³ ËÔ, í³æ ó 
2-é ãðóï³ (p < 0,001). Òàêà æ òåíäåíö³ÿ çáåð³ãàºòüñÿ ³ 
ïðè ñïîëó÷åí³é ä³¿ âàæêèõ ìåòàë³â (òàáë.)

×åðåç 15 ä³á â³äíîâíîãî ïåð³îäó ó 2-é ãðóï³ ð³âåíü 
Ñà é àêòèâí³ñòü ËÔ ó ñèðîâàòö³ êðîâ³ ìàëè á³ëüø âè-
ðàæåíó òåíäåíö³þ äî íîðìàë³çàö³¿, í³æ ó 4-é ãðóï³. 
Äî öüîãî òåðì³íó â 4-é ãðóï³ â³äçíà÷àëàñü òåíäåíö³ÿ 
äî çíèæåííÿ àêòèâíîñò³ ËÔ ³ ï³äâèùåííÿ ð³âíÿ Ñà â 
ïîð³âíÿíí³ ç ³íòîêñèêàö³éíèì ïåð³îäîì. Çáåð³ãàëàñÿ 
äîñòîâ³ðíà â³äì³íí³ñòü öèõ ïîêàçíèê³â â³ä âèõ³äíèõ 
äàíèõ ³ òèõ, ùî ñïîñòåð³ãàëèñÿ ó êàäì³ºâ³é ãðóï³. 
×åðåç 30 ä³á ðåàá³ë³òàö³¿ äîñë³äæóâàí³ ïîêàçíèêè â 
ãðóïàõ ðîçä³ëüíîãî âïëèâó Cd ³ Pb íîðìàë³çóâàëèñü, 
ó ãðóï³ ñïîëó÷åíî¿ ä³¿ ñîëåé ìåòàë³â ð³âåíü Ñà áóâ 
çíèæåíèì (p < 0,001). 

Î÷åâèäíî, ùî Cd ³ Pb ïî ð³çíîìó âïëèâàþòü íà 
áóôåðí³ ñèñòåìè Ñà, ùî, ÿê â³äîìî, º â îðãàí³çì³ 
[2, 4]. Òàê, Pb ïðèçâîäèòü äî á³ëüø çíà÷íîãî çíè-
æåííÿ Ñà â ê³ñòêàõ, ïðî ùî ñâ³ä÷èòü àêòèâí³ñòü ËÔ 
ó ñèðîâàòö³ êðîâ³, ÿêà âèùå, í³æ ó êàäì³ºâ³é ãðóï³. Ö³ 
ðåçóëüòàòè ï³äòâåðäæóþòü äîáðå â³äîìó âëàñòèâ³ñòü 
Pb ïåðåâàæíî íàêîïè÷óâàòèñÿ ³ íàäîâãî çàòðèìóâà-
òèñÿ â ê³ñòêîâ³é òêàíèí³ [1]. Îäíàê ï³ñëÿ ïðèïèíåí-
íÿ çàïàëó Pb ê³ñòêîâå äåïî Ñà, ñóäÿ÷è ç äèíàì³êè 
éîãî íîðìàë³çàö³¿ é àêòèâíîñò³ ËÔ ó ñèðîâàòö³ êðîâ³, 
â³äíîâëþºòüñÿ ïîâ³ëüí³øå. Çíèæåííÿ ð³âíÿ Ca íà 
27,8 % ó ñèðîâàòö³ êðîâ³ ùóð³â 3-ì³ñÿ÷íîãî â³êó ïðè 
íàÿâíîñò³ àöèäîçó áóëî âèÿâëåíî ï³ñëÿ çàïàëó Cd 
ó á³ëüø íèçüê³é êîíöåíòðàö³¿ (1/50 LD

50
), í³æ òà, ÿêà 
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âèêîðèñòîâóâàëàñÿ ó äàíîìó åêñïåðèìåíò³ (1/10 
LD

50
) [4, 7]. 

Òàêèì ÷èíîì, ïðè ä³¿ íà ùóð³â ñîëåé Cd ³ Pb, 
êàäì³ºâà ³íòîêñèêàö³ÿ âèêëèêàº á³ëüø çíà÷íå çíè-
æåííÿ âì³ñòó êàëüö³þ. Çá³ëüøåííÿ êîíöåíòðàö³¿ ËÔ 
â ñèðîâàòö³ êðîâ³ á³ëüø âèðàæåíå ï³ñëÿ ñâèíöåâî¿ 
³íòîêñèêàö³¿. Àäèòèâíèé åôåêò Cd ³ Pb ïðîñòåæóºòüñÿ 
òàêîæ â³äíîñíî ìåòàáîë³çìó Ñà, äåô³öèò ÿêîãî ï³ñëÿ 
çàïàëó âèðàæåíèé á³ëüøîþ ì³ðîþ ³ â³äíîâëåííÿ 
ð³âíÿ ÿêîãî ï³ñëÿ ïðèïèíåííÿ ñóì³ñíî¿ ä³¿ ìåòàë³â 
ïîäîâæóºòüñÿ â ÷àñ³. Ö³ ôàêòè ñâ³ä÷àòü ïðî âçàºìíå 
ïîñèëåííÿ ìåòàëàìè ¿õ òîêñè÷íèõ âëàñòèâîñòåé, 
çäàòíîñò³ çíèæóâàòè ð³âåíü çàãàëüíîãî êàëüö³þ â 
îðãàí³çì³, âïëèâàòè íà ì³íåðàëüíèé îáì³í òà ñòàí 
ê³ñòêîâîãî ìàòðèêñó. 

Âèñíîâêè. 
1. Êàäì³ºâà ³íòîêñèêàö³ÿ âèêëèêàº á³ëüø çíà÷íå 

çíèæåííÿ âì³ñòó êàëüö³þ. 
2. Àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè ó á³ëüøîìó 

ñòóïåí³ õàðàêòåðíà äëÿ ñâèíöåâî¿ ³íòîêñèêàö³¿. 
3. Àäèòèâíèé åôåêò êàäì³þ ³ ñâèíöþ â äèíàì³ö³ 

ñïîñòåðåæåíü ïðîÿâëÿºòüñÿ â çíèæåíí³ çäàòíîñò³ 
îðãàí³çìó äî â³äíîâëåííÿ êîíöåíòðàö³¿ êàëüö³þ òà 
éîãî á³ëüø âèñîêîìó äåô³öèò³, í³æ ïðè îêðåì³é ä³¿ 
ìåòàë³â. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Âèÿâ-
ëåííÿ îñîáëèâîñòåé ñïîëó÷åíîãî âïëèâó ðàä³àö³¿ 
òà ñîëåé âàæêèõ ìåòàë³â íà ñòàí ê³ñòêîâîãî ìàòðèê-
ñó çà ïîêàçíèêàìè á³îõ³ì³÷íèõ òà ìîðôîëîã³÷íèõ 
äîñë³äæåíü. 

Òàáëèöÿ 

Âïëèâ ñîëåé êàäì³þ ³ ñâèíöþ íà êîíöåíòðàö³þ êàëüö³þ é àêòèâí³ñòü ëóæíî¿ ôîñôàòàçè â 
ñèðîâàòö³ êðîâ³ ùóð³â (M ± SD)

Ïîêàçíèê
Âèõ³äí³ 

äàí³
Äîáà

Ï³ñëÿ ³í’ºêö³é

1 ãðóïà (NaCI) 2 ãðóïà (Cd) 3 ãðóïà (Pb) 4 ãðóïà (Cd + Pb)

Âì³ñò Ñà â ñèðîâàòö³ 
êðîâ³, ììîëü/ë

2,11 ± 0,04

10 2,10 ± 0,08 1,74 ± 0,05* 1,23 ± 0,08*# 1,06 ± 0,04*#

25 (15) 2,12 ± 0,04 1,99 ± 0,22 1,65 ± 0,06*# 1,22 ± 0,07*#

40 (30) 2,13 ± 0,01 2,10 ± 0,10 1,95 ± 0,08*# 1,84 ± 0,06*#

Àêòèâí³ñòü ËÔ â 
ñèðîâàòö³ êðîâ³, ÌÅ /ë

179,3 ± 18,6

10 177,0 ± 16,4 200,6 ± 10,1 276,0 ± 20,6*# 297,0 ± 32,6*#

25 (15) 180,2 ± 14,3 196,6 ± 4,5 222,0 ± 31,6*# 262,8 ± 22,1*#

40 (30) 178,7 ± 17,6 180,4 ± 21,6 188,0 ± 31,6 195,6 ± 44,4

Ïðèì³òêà: * – ð < 0,05-0,001 ïîð³âíÿíî ç 1-þ ãðóïîþ (çà êðèòåð³ºì Äàííåòà); # – ð < 0,05-0,001 ïîð³âíÿíî ç 2-þ ãðóïîþ (çà êðèòåð³ºì 

Íüþìàíà-Êåéëñà); Ó äóæêàõ âêàçàíà äîáà â³äíîâíîãî ïåð³îäó. 
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Ðåçþìå. Â ñèðîâàòö³ êðîâ³ ùóð³â âèçíà÷àëè âì³ñò çàãàëüíîãî êàëüö³þ òà ëóæíî¿ ôîñôàòàçè ïðè îêðåì³é 

òà ñïîëó÷åí³é ä³¿ êàäì³þ ³ ñâèíöþ. Çá³ëüøåííÿ êîíöåíòðàö³¿ ëóæíî¿ ôîñôàòàçè â ñèðîâàòö³ êðîâ³ á³ëüø âèðà-
æåíå ï³ñëÿ ñâèíöåâî¿ ³íòîêñèêàö³¿. Êàäì³ºâà ³íòîêñèêàö³ÿ âèêëèêàº á³ëüø çíà÷íå çíèæåííÿ âì³ñòó êàëüö³þ. 
Àäèòèâíèé åôåêò êàäì³þ ³ ñâèíöþ â äèíàì³ö³ ñïîñòåðåæåíü ïðîÿâëÿºòüñÿ â çíèæåíí³ çäàòíîñò³ îðãàí³çìó 
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äî íîðìàë³çàö³¿ âì³ñòó êàëüö³þ â êðîâ³ òà íàÿâíîñò³ éîãî á³ëüø âèñîêîãî äåô³öèòó, í³æ ïðè îêðåì³é ä³¿ âàæêèõ 
ìåòàë³â. 

Êëþ÷îâ³ ñëîâà: ñâèíåöü, êàäì³é, ëóæíà ôîñôàòàçà, êàëüö³é. 
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ÊÐÎÂÈ ÊÐÛÑ
Îñòðîâñêàÿ Ñ. Ñ. 
Ðåçþìå. Â ñûâîðîòêå êðîâè êðûñ îïðåäåëÿëè ñîäåðæàíèå îáùåãî êàëüöèÿ è ùåëî÷íîé ôîñôàòàçû ïðè 

îòäåëüíîì è ñî÷åòàííîì äåéñòâèè êàäìèÿ è ñâèíöà. Óâåëè÷åíèå êîíöåíòðàöèè ùåëî÷íîé ôîñôàòàçû áîëåå 
âûðàæåíî ïîñëå ñâèíöîâîé èíòîêñèêàöèè. Êàäìèåâà èíòîêñèêàöèÿ âûçûâàåò áîëåå ñóùåñòâåííîå ñíèæå-
íèå ñîäåðæàíèÿ êàëüöèÿ. Àääèòèâíèé ýôôåêò êàäìèÿ è ñâèíöà â äèíàìèêå íàáëþäåíèé ïðîÿâëÿåòñÿ â ñíè-
æåíèè ñïîñîáíîñòè îðãàíèçìà ê íîðìàëèçàöèè ñîäåðæàíèÿ êàëüöèÿ â êðîâè è íàëè÷èÿ åãî áîëåå âûñîêîãî 
äåôèöèòà, ÷åì ïðè îòäåëüíîì äåéñòâèè òÿæåëûõ ìåòàëëîâ. 

Êëþ÷åâûå ñëîâà: ñâèíåö, êàäìèé, ùåëî÷íàÿ ôîñôàòàçà, êàëüöèé. 
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The Influence of Heavy Metals on the Content of Calcium and Alkaline Phosphatase in the Rats’ Blood
Ostrovs’ka S. S. 
Abstract. Introdaction. Intensification of general ecologic disbalance assists the permanent increase of inten-

sity of chemical loading on the organism of a man and the animals. Lead and cadmium are the widespread toxic 
substances in Ukraine. They predetermine the increase pf content of toxic substances in the circulatory system and 
organs make negative influence on the functional state of the organism. The accumulation of cadmium and lead 
in the man’s organism touches the homeostasis of calcium that is involved in many biochemical and physiologi-
cal processes of the organism. Oscillation of the content of calcium under the action of metals influences on the 
structure of bones and demineralization of the skeleton depends on the content of the lysosomal enzyme of alkaline 
phosphatase. 

The aim of the study was determination of intercommunication between general content of calcium and alkaline 
phosphatase in the organism of rats in the condition of separate and united influence of cadmium and lead. 

Material and methods. The experiments were conducted on the pubescent rats-males. Loading of the heavy 
metals was carried out every day during 10 days by intra-abdominal introduction of chloride and cadmium – 1 group 
and lead acetate -2 group – in 1/10 LD50 in 1 ml of 0.9 % solution of NaCl and mixture of salts of these metals in 
the same concentrations -3 group. Intra-abdominal 0.9 % solution of NaCl was introduced to the rats of 4 (control) 
group. The recovery period was 15 and 30 days. In the serum of the rats’ blood it was determined the concentration 
of general calcium (mmol/l) and activity of alkaline phosphatase. 

The comparison of the statistical description in different groups and in the dynamics the supervision was 
conducted with the use of pairwise comparison of the criteria of Neuman-Keuls and Dunnett. 

Results and discussion. Daily introduction to the animals of NaCl did not influence on the concentration of 
calcium and activity of alkaline phosphatase in the blood serum. In 10 days of poisoning the reliable decline of 
calcium level and the increase of activity of alkaline phosphatase were determined in the blood serum of all the 
animals. To the same term in 3-d group (injection of lead acetate) it appeared more than 2-nd group, the decline 
of calcium level and the increase of activity of alkaline phosphatase in the blood serum (p < 0,05-0,01). To the end 
of the poisoning in the 4-th group (injection of cadmium and lead) there was the reduction of the concentration 
of calcium level and the increase of activity of alkaline phosphatase in a considerably greater degree than in 2-nd 
group (p < 0,001). 

In 15 days of the restoration period in the -2-nd group the calcium level and alkaline phosphatase had a greater 
tendency to normalization than in 3-d group. To this term in the 4-th group there was a tendency to the decline of 
activity of alkaline phosphatase and the increase of calcium level as compared with intoxication period, the reliable 
difference of these indexes was kept from the initial data and from those that were observed in cadmium group. In 
30 day of rehabilitation the indexes of alkaline phosphatase in the groups of separate influence of cadmium and 
lead were normalized and the content of calcium in the blood serum of the animals of 3-d group remained lowered 
comparatively with 1-st group. At the same time, in the group of the united action of salts and metals the calcium 
level in the blood serum was lowered (p < 0,001). 

The conclusion. Cadmium intoxication causes more considerable decline of the content of calcium. The activity 
of alkaline phosphatase in a greater degree is typical for leaden intoxication. The additive effect of cadmium and 
lead in the dynamics of the supervisions shows in the decline of ability of an organism to the restoration of calcium 
concentration and its bigger deficit than at the separate action of metals. 

Keywords: lead, cadmium, alkaline phosphatase, calcium. 
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