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Äàíà ðîáîòà º ôðàãìåíòîì ÍÄÐ «Ìåòàáîë³÷í³ 
îñíîâè âïëèâó åñåíö³àëüíèõ ì³êðîåëåìåíò³â íà çà-
áåçïå÷åííÿ ñòðóêòóðíîãî ³ ôóíêö³îíàëüíîãî ãîìå-
îñòàçó ùèòîïîä³áíî¿ çàëîçè», ¹ äåðæ. ðåºñòðàö³¿ 
OIIIU000871. 

Âñòóï. Îäíèì ³ç âàãîìèõ ìîäóëÿòîð³â æèòòº-
âîâàæëèâèõ ôóíêö³é îðãàí³çìó º îêñèä àçîòó, ÿêèé 
áåðå ó÷àñòü ó áàãàòüîõ ô³ç³îëîã³÷íèõ ïðîöåñàõ. Í³-
òðèò-³îí º âòîðèííèì ìåñåíäæåðîì äëÿ á³ëüøîñò³ 
êë³òèí îðãàí³çìó, ÿêèé âèÿâëÿº àíã³î- òà ãåïàòîïðî-
òåêòîðíó ä³¿, âîëîä³º àíòèîêñèäàíòíèìè òà ïðîòèçà-
ïàëüíèìè âëàñòèâîñòÿìè, º ïîòóæíèì âàçîäèëÿòà-
òîðîì, ðåãóëþº ôóíêö³îíàëüíó àêòèâí³ñòü áàãàòüîõ 
ðåöåïòîð³â, âèâ³ëüíåííÿ íåéðîòðàíñì³òåð³â ³ ïåðå-
äà÷ó íåðâîâîãî çáóäæåííÿ, âïëèâàº íà ðåàêö³¿ ôà-
ãîöèòîçó [2, 3, 7, 13]. Ó òîé æå ÷àñ çì³íè ïîêàçíèê³â 
ñèñòåìè îêñèäó àçîòó çà óìîâ òèðåî¿äíî¿ ïàòîëîã³¿ 
äîâîë³ ñóïåðå÷ëèâ³. Âðàõîâóþ÷è, ùî ñåðöå òà ïå÷³í-
êà ìîæóòü âèñòóïàòè îðãàíàìè-ì³øåíÿìè çà óìîâ 
òèðåî¿äíî¿ äèñôóíêö³¿, íà íàø ïîãëÿä äîö³ëüíèì º 
äîñë³äæåííÿ ïîêàçíèê³â ìåòàáîë³çìó îêñèäó àçîòó 
ïîðó÷ ³ç âèâ÷åííÿì ñòðóêòóðè êàðä³î- òà ãåïàòîöèò³â. 
Àêòóàëüí³ñòü äîñë³äæåííÿ çóìîâëåíà çðîñòàííÿì 
çàõâîðþâàíü ùèòîïîä³áíî¿ çàëîçè íåçàëåæíî â³ä 
ðåã³îíó çîáíî¿ åíäåì³¿ òà âèñîêîþ éìîâ³ðí³ñòþ äå-
ô³öèòó ³íøèõ åñåíö³éíèõ ì³êðîåëåìåíò³â, çîêðåìà, 
ñåëåíó ó ïàòîãåíåç³ ã³ïîòèðåîçó. 

Ìåòà äîñë³äæåííÿ ïîëÿãàëà ó âèâ÷åíí³ ñï³ââ³ä-
íîøåííÿ ïîêàçíèê³â ñèñòåìè ìåòàáîë³çìó îêñèäó 
àçîòó òà îñîáëèâîñòåé ñòðóêòóðè òêàíèí ñåðöÿ é ïå-
÷³íêè ó ùóð³â ³ç ã³ïîòèðåî¿äíîþ äèñôóíêö³ºþ (ÃÄ) çà 
óìîâ éîäíî¿ äåïðèâàö³¿ òà êîìá³íîâàíîãî äåô³öèòó 
éîäó é ñåëåíó. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äæåííÿ 
ïðîâîäèëè íà 60 íåë³í³éíèõ ñòàòåâîçð³ëèõ ùóðàõ-
ñàìöÿõ ìàñîþ 150-180 ã. Òâàðèíè áóëè ðîçä³ëåí³ íà 
äâ³ äîñë³äí³ ãðóïè: ùóðè ³ç ÃÄ íà òë³ äåô³öèòó éîäó 
(1-à äîñë³äíà ãðóïà, n = 30); ùóðè ³ç ÃÄ çà óìîâ êîì-
á³íîâàíîãî äåô³öèòó éîäó òà ñåëåíó (2-à äîñë³äíà 
ãðóïà, n = 30). ÃÄ ìîäåëþâàëè øëÿõîì äîäàâàííÿ 
äî ïèòíî¿ âîäè ìåðêàçîë³ëó íà òë³ óòðèìàííÿ òâàðèí 
íà éîäîäåô³öèòí³é ä³ºò³ âïðîäîâæ 45-òè äí³â [9, 15]. 
Äåô³öèò ñåëåíó â³äòâîðþâàëè øëÿõîì äîäàâàííÿ äî 
áàçîâî¿ ä³ºòè çáàëàíñîâàíîãî ðàö³îíó ³ç íàòóðàëüíèõ 
³íãðåä³ºíò³â [1]. Äëÿ ïîð³âíÿííÿ àíàëîã³÷í³ ïîêàçíèêè 

âèçíà÷àëè ó 30 ³íòàêòíèõ òâàðèí (êîíòðîëüíà ãðóïà), 
ÿêèõ óòðèìóâàëè â óìîâàõ ñòàíäàðòíîãî õàð÷îâîãî 
ðàö³îíó, çâè÷àéíîãî òåìïåðàòóðíîãî òà ñâ³òëîâî-
ãî ðåæèìó â³âàð³þ. Åâòàíàç³þ çä³éñíþâàëè øëÿõîì 
äåêàï³òàö³¿ ï³ä êåòàì³íîâèì çíå÷óëåííÿì (100 ìã/êã 
ìàñè ò³ëà). Óòðèìàííÿ, âèãîäîâóâàííÿ òà åâòàíàç³ÿ 
â³äïîâ³äàëè ÷èííèì ì³æíàðîäíèì âèìîãàì ùîäî ãó-
ìàííîãî â³äíîøåííÿ äî òâàðèí ³ çàãàëüíîïðèéíÿòèì 
íàö³îíàëüíèì íîðìàì á³îåòèêè (Ñòðàñáóðã, 1986; 
Êè¿â, 2001). 

Ñòàí ÃÄ ó òâàðèí óñ³õ äîñë³äíèõ ãðóï ï³äòâåðäæó-
âàëè çà ð³âíåì òèðåî¿äíèõ ãîðìîí³â ó ñèðîâàòö³ êðîâ³ 
(â³ëüíèõ òðèéîäòèðîí³íó – fT

3
 òà òèðîêñèíó – fÒ

4
, òè-

ðåîòðîïíîãî ãîðìîíó àäåíîã³ïîô³çà – ÒÒÃ). Ñèñòå-
ìó îêñèäó àçîòó îö³íþâàëè çà âì³ñòîì í³òðèò-³îíó 
â ñèðîâàòö³ êðîâ³ òà àêòèâí³ñòþ NO-ñèíòàç: çàãàëü-
íî¿ (NOS), êîíñòèòóòèâíî¿ (cNOS) òà ³íäóöèáåëüíî¿ 
(iNOS) ó òêàíèíàõ ñåðöÿ òà ïå÷³íêè. 

Äëÿ çä³éñíåííÿ çàãàëüíîã³ñòîëîã³÷íîãî äîñë³-
äæåííÿ òêàíèíè ñåðöÿ òà ïå÷³íêè ô³êñóâàëè ó 10 % 
ðîç÷èí³ íåéòðàëüíîãî ôîðìàë³íó (ðH = 7,0). ×àñ ô³ê-
ñàö³¿ ñêëàäàâ 24 ãîäèíè. Íàäàë³ øìàòî÷êè äîñë³äæó-
âàíèõ îðãàí³â ïîì³ùàëè ó âèñõ³äíó áàòàðåþ ñïèðò³â 
äëÿ äåã³äðàòàö³¿, ó õëîðîôîðì, ñóì³ø õëîðîôîðì-
ïàðàô³í (1:1, ïðè òåìïåðàòóð³ 37°Ñ), ïàðàô³í (òåì-
ïåðàòóðà 57°Ñ). Ï³ñëÿ ïàðàô³íîâî¿ ïðåï³äãîòîâêè 
øìàòî÷êè çàëèâàëè ó ïàðàô³í. Âèãîòîâëåííÿ ñåð³é-
íèõ ïàðàô³íîâèõ çð³ç³â òîâùèíîþ 4-6 ìêì ïðîâîäè-
ëè íà ñàííîìó ì³êðîòîì³. Ïðåïàðàòè çàáàðâëþâàëè 
ãåìàòîêñèë³íîì ³ åîçèíîì. Ôîòîäîêóìåíòóâàííÿ 
çä³éñíþâàëè çà äîïîìîãîþ ì³êðîñêîïà Axioskop òà 
öèôðîâî¿ êàìåðè Tucsen TCA-10. 0-N ³ç âèêîðèñ-
òàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ IS-capture (V. 1. 
0). Ìîðôîìåòðè÷íèé àíàë³ç ïðîâîäèëè çà äîïîìî-
ãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ Image Tool 2,0 for 
Windows. Âèçíà÷àëè íàñòóïí³ ìîðôîìåòðè÷í³ ïàðà-
ìåòðè: äëÿ ì³îêàðäà – ÷àñòêó ³íòåðñòèö³þ òà ïàðåíõ³-
ìè, ïàðåíõ³ìàòîçíî-³íòåðñòèö³éíèé ³íäåêñ, ïëîùó òà 
ïåðèìåòð ÿäåð êàðä³îì³îöèò³â; äëÿ ïå÷³íêè – ïëîùó 
é ïåðèìåòð ãåïàòîöèò³â òà ¿õ ÿäåð, ÿäåðíî-öèòî-
ïëàçìàòè÷íèé ³íäåêñ. 

Ñòàòèñòè÷íèé àíàë³ç âèêîíóâàëè ç âèêîðèñ-
òàííÿì ñó÷àñíèõ êîìï’þòåðíèõ ïðîãðàì (Statis-
tic Soft 7,0). Äëÿ êîæíî¿ ç âèá³ðîê ïåðåâ³ðÿëè ÷è º 
íîðìàëüíèì ðîçïîä³ë äîñë³äæóâàíîãî ïîêàçíèêà, 
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çàñòîñîâóþ÷è êðèòåð³é Øàï³ðî-Â³ëêà. Çà öèì êðè-
òåð³ºì âèçíà÷àëè ÷è ðîçïîä³ë äàíèõ âèá³ðîê â³äïî-
â³äàº ðîçïîä³ëó Ãàóñà. Ó âèïàäêó äâîõ íîðìàëüíèõ 
ðîçïîä³ë³â ïåðåâ³ðÿëè ð³âí³ñòü ãåíåðàëüíèõ äèñïåð-
ñ³é, çàñòîñîâóþ÷è êðèòåð³é Ëåâåíà, ï³ñëÿ ÷îãî ïî-
ð³âíþâàëè âèá³ðêè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþ-
äåíòà. Ñòàòèñòè÷íî çíà÷óùîþ ââàæàëè ð³çíèöþ ïðè 
ð < 0,05. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ó 
ðåçóëüòàò³ ïðîâåäåíîãî äîñë³äæåííÿ ó òâàðèí âèÿ-
âèëè ³ñòîòíå çìåíøåííÿ âì³ñòó òèðåî¿äíèõ ãîðìîí³â 
ó ñèðîâàòö³ êðîâ³ (òàáë. 1). Çîêðåìà, ó ùóð³â 1-î¿ äî-
ñë³äíî¿ ãðóïè âì³ñò fÒ

3 
ó ñèðîâàòö³ êðîâ³

 
çìåíøèâñÿ 

íà 64,81 % (ð < 0,05), fÒ
4 

– íà 36,44 % (ð < 0,05) ó ïî-
ð³âíÿíí³ ç êîíòðîëåì. Îáìåæåííÿ ïîñòóïëåííÿ â îð-
ãàí³çì ùóð³â ñåëåíó íà òë³ éîäíî¿ äåïðèâàö³¿ çóìîâè-
ëî á³ëüøå âèðàæåí³ çì³íè òèðåî¿äíîãî ñòàòóñó: âì³ñò 
ÒÒÃ çá³ëüøèâñÿ ó 2,35 ðàçà (ð < 0,05) íà òë³ çíèæåííÿ 
fÒ

3 
íà 74,35 % (ð < 0,05), fÒ

4 
íà 54,63 % (ð < 0,05) ùîäî 

äàíèõ ó òâàðèí êîíòðîëüíî¿ ãðóïè (òàáë. 1). Òðåáà 
çàçíà÷èòè, ùî òèðåî¿äíèé ñòàòóñ òâàðèí 2-î¿ äî-
ñë³äíî¿ ãðóïè äîñòîâ³ðíî â³äð³çíÿâñÿ â³ä àíàëîã³÷íèõ 
ïîêàçíèê³â ó ùóð³â 1-î¿, ïðî ùî ñâ³ä÷èòü çíèæåííÿ 
âì³ñòó fÒ

3 
ó ñèðîâàòö³ êðîâ³ íà 27,10 % (ð

2-3
 < 0,02). 

Òàê³ çì³íè ñïîñòåð³ãàëèñü íà òë³ òåíäåíö³¿ äî çðîñ-
òàííÿ ÒÒÃ òà çìåíøåííÿ âì³ñòó fÒ

4
 ó ñèðîâàòö³ êðîâ³. 

Çàãàëîì òàê³ çì³íè ôóíêö³îíàëüíî¿ çäàòíîñò³ ùèòî-
ïîä³áíî¿ çàëîçè õàðàêòåðèçóþòü ðîçâèòîê ÃÄ ó òâà-
ðèí îáîõ äîñë³äíèõ ãðóï. 

Òàáëèöà1
Âì³ñò òèðåî¿äíèõ ãîðìîí³â ó ñèðîâàòö³ 

êðîâ³ ùóð³â ³ç ã³ïîòèðåî¿äíîþ äèñôóíêö³ºþ 
íà òë³ éîäíî¿ äåïðèâàö³¿, êîìá³íîâàíîãî 

äåô³öèòó éîäó òà ñåëåíó (M ± m)

Äîñë³äí³ 
ãðóïè

Òðèéîäòè-
ðîí³í

(fÒ
3)

, ïìîëü/ë

Òèðîêñèí
(fÒ

4)
, 

ïìîëü/ë

Òèðåî òðîïíèé 
ãîðìîí (ÒÒÃ), 

ìÌÎ/ë

²íòàêòí³ òâà-
ðè íè (n = 30)

8,81 ± 0,71 32,69 ± 8,65 0,14 ± 0,02

1-à äîñë³äíà 
ãðóïà (n = 30)

3,10 ± 0,16* 20,77 ± 2,96* 0,18 ± 0,06

2-à äîñë³äíà 
ãðóïà (n = 30)

2,26 ± 0,21*
p

2-3
 < 0,02

14,83 ± 1,48* 0,33 ± 0,05*

Ïðèì³òêà: * â³ðîã³äíà ð³çíèöÿ (ð < 0,05) ùîäî àíàëîã³÷íèõ 

ïîêàçíèê³â ó ³íòàêòíèõ òâàðèí; ð ³ç àðàáñüêèìè öèôðàìè – â³ðîã³äíà 

ð³çíèöÿ ì³æ ïîêàçíèêàìè â³äïîâ³äíèõ äîñë³äíèõ ãðóï. 

Ïðè äîñë³äæåíí³ âì³ñòó í³òðèò-³îíà äîñòîâ³ðíî 
çì³íåíèìè éîãî äàí³ ó ñèðîâàòö³ êðîâ³ áóëè ò³ëüêè ó 
òâàðèí 2-î¿ äîñë³äíî¿ ãðóïè (òàáë. 2). Òàê, çà óìîâ 
êîìá³íîâàíîãî îáìåæåííÿ ïîñòóïëåííÿ éîäó òà ñå-
ëåíó â åêñïåðèìåíò³ çàô³êñîâàíî çíèæåííÿ ð³âíÿ 
í³òðèò-³îíó ó ñèðîâàòö³ êðîâ³ íà 22,97 % (ð < 0,02) ïî-
ð³âíÿíî ç êîíòðîëåì, ùî ìîæå íåãàòèâíî âïëèâàòè 
íà ñòðóêòóðíó îðãàí³çàö³þ êë³òèí òà òêàíèí çàãàëîì. 
Â³äîìî, ùî îêñèä àçîòó ìàº àíòèîêñèäàíòí³ âëàñòèâîñ-
ò³, ïðèéìàº àêòèâíó ó÷àñòü ó ðåãóëÿö³¿ êàòàáîë³çìó â³ëü-
íèõ æèðíèõ êèñëîò, ïåðåøêîäæàº ïàòîãåííèì âïëèâàì 
ë³ïîïðîòå¿í³â íèçüêî¿ ù³ëüíîñò³ [4,14]. Áàëàíñ ì³æ ô³-
ç³îëîã³÷íèìè, ðåãóëÿòîðíèìè ³ öèòîòîêñè÷íèìè âëàñ-
òèâîñòÿìè â çíà÷í³é ì³ð³ çóìîâëåíèé ëîêàëüíîþ êîí-
öåíòðàö³ºþ í³òðèò-³îíó, à òàêîæ îêñèäàíòíèì ñòàòóñîì 
òêàíèí, ó ÿêèõ â³í ñèíòåçóºòüñÿ ³ ðåàë³çóº ñâî¿ åôåêòè. 

Òîìó çìåíøåííÿ âì³ñòó í³òðèò-³îíó â ñèðîâàòö³ êðîâ³ çà 
óìîâ ÃÄ ìîæå íåãàòèâíî âïëèâàòè íå ò³ëüêè íà åíäîòå-
ë³é, àëå é íà ³íø³ êë³òèíè îðãàí³çìó òà ïîãëèáëþâàòè 
ìåòàáîë³÷íèé äèñáàëàíñ, ùî âèíèêàº ïðè ã³ïîòèðå-
î¿äí³é ïàòîëîã³¿ [6,10]. 

Òàáëèöÿ 2
Âì³ñò í³òðèò-³îíà ó ñèðîâàòö³ êðîâ³ ùóð³â ³ç 
ã³ïîòèðåî¿äíîþ äèñôóíêö³ºþ íà òë³ éîäíî¿ 
äåïðèâàö³¿, êîìá³íîâàíîãî äåô³öèòó éîäó 

òà ñåëåíó (M ± m)

Äîñë³äí³ ãðóïè Í³òðèò-³îí, ìêìîëü/ë

²íòàêòí³ òâàðèíè (n = 30) 38,14 ± 1,67

1-à äîñë³äíà ãðóïà (n = 30) 33,54 ± 2,01

2-à äîñë³äíà ãðóïà (n = 30) 29,38 ± 1,56*

Ïðèì³òêà: * â³ðîã³äíà ð³çíèöÿ (ð < 0,05) ùîäî àíàëîã³÷íèõ 

ïîêàçíèê³â ó ³íòàêòíèõ òâàðèí; ð ³ç àðàáñüêèìè öèôðàìè – â³ðîã³äíà 

ð³çíèöÿ ì³æ ïîêàçíèêàìè â³äïîâ³äíèõ äîñë³äíèõ ãðóï. 

Íåîáõ³äíî âêàçàòè, ùî ïðè õðîí³÷íèõ ïàòîëî-
ã³÷íèõ ïðîöåñàõ àêòèâí³ñòü ð³çíèõ åíçèì³â NO-
ñèíòàçíî¿ ñèñòåìè ìîæå çì³íþâàòèñü ð³çíîíàïðàâ-
ëåíî [5,12,14]. Íàìè âñòàíîâëåíî îäíîòèïîâèé 
õàðàêòåð çì³í äîñë³äæóâàíèõ ïîêàçíèê³â (ïðèãí³-
÷åííÿ àêòèâíîñò³ ñèíòàç ó âñ³õ äîñë³äæóâàíèõ òêàíè-
íàõ). Çîêðåìà, ó ãîìîãåíàò³ ì³îêàðäà àêòèâí³ñòü NOS 
çìåíøèëàñü íà 61,75 % (ð < 0,05), iNOS – íà 33,37 % 
(ð < 0,05), à çì³íè cNOS íå áóëè äîñòîâ³ðíèìè ùîäî 
êîíòðîëüíèõ äàíèõ (òàáë. 3). Ó òêàíèí³ ïå÷³íêè àê-
òèâí³ñòü NOS çìåíøèëàñü íà 30,73 % (ð < 0,05), iNOS 
– íà 47,08 % (ð < 0,05), cNOS – íà 44,98 % (ð < 0,05). 
Àíàòîëîã³÷íà òåíäåíö³ÿ çì³íè àêòèâíîñò³ åíçèì³â 
NO-ñèíòàçíî¿ ñèñòåìè ñïîñòåð³ãàëàñü ³ ó ùóð³â 2-î¿ 
äîñë³äíî¿ ãðóïè. Ïðè öüîìó á³ëüø âèðàæåí³ çì³íè 
ïîêàçíèê³â ñèñòåìè îêñèäó àçîòó ñïîñòåð³ãàëè ó 
òâàðèí çà óìîâ êîìá³íîâàíîãî äåô³öèòó ì³êðîåëå-
ìåíò³â ùîäî àíàëîã³÷íèõ äàíèõ ó òâàðèí ³ç ÃÄ íà òë³ 
ìîíîäåô³öèòó éîäó. Òàê, ó ì³îêàðä³ âèÿâèëè çíèæåí-
íÿ NOS – íà 52,64 % (ð

1-2
 < 0,001), iNOS – íà 61,11 % 

(ð
1-2

 < 0,001) òà cNOS – íà 42,28 % (ð
1-2

 < 0,01). Ñï³â-
íàïðÿìëåíèìè áóëè ³ çì³íè ó òêàíèí³ ïå÷³íêè, çîêðå-
ìà, àêòèâí³ñòü NOS çíèçèëàñü íà 30,72 % (ð

1-2
 < 0,05), 

iNOS – íà 26,31 % (ð
1-2

 < 0,05), cNOS – íà 42,28 % 
(ð

1-2
 < 0,02). Â³äîìî, ùî ïðèãí³÷åííÿ àêòèâíîñò³ 

cNOS çóìîâëþº çá³ëüøåííÿ åíäîãåííîãî äåô³öèòó 
NO òà âèñòóïàº îäíèì ³ç êëþ÷îâèõ ëàíîê ïàòîãåíå-
çó ³øåì³÷íî¿ õâîðîáè ñåðöÿ òà öåðåáðîâàñêóëÿðíî¿ 
ïàòîëîã³¿ [8]. Ó òîé æå ÷àñ â³äíîñíà ³íåðòí³ñòü iNOS, 
ÿêà ñèíòåçóºòüñÿ ìåä³àòîðàìè çàïàëåííÿ ³ º ïîòóæ-
íèì ìîäóëÿòîðîì éîãî ïðîãðåñóâàííÿ, ñïðîñòîâóº 
ðîçâèòîê çì³í çàïàëüíîãî õàðàêòåðó ó öèõ îðãàíàõ 
(îñîáëèâî ó ïå÷³íö³) [11]. 

Çà ðåçóëüòàòàìè îïòè÷íî¿ ì³êðîñêîï³¿ ó ì³îêàðä³ 
ùóð³â 1-î¿ äîñë³äíî¿ ãðóïè ñïîñòåð³ãàºòüñÿ íåð³â-
íîì³ðíå êðîâîíàïîâíåííÿ ñóäèí, âîãíèùåâèé íà-
áðÿê åíäîòåë³îöèò³â, ïîì³ðíèé ïåðèâàñêóëÿðíèé 
íàáðÿê. Êîíòóðè êàðä³îì³îöèò³â ðîçìèò³, ñàðêî-
ïëàçìà íåð³âíîì³ðíî çàáàðâëåíà, çåðíèñòà, ïîïå-
ðå÷íà ïîñìóãîâàí³ñòü ïðîñë³äêîâóºòüñÿ íå âñþäè, 
ïëîùà ÿäåð ñòàíîâèòü (29,65 ± 0,86) ìêì2 ñòîñîâíî 
íîðìè (50,76 ± 2,34) ìêì2 (ð < 0,05), ïåðèìåòð ÿäåð 
– (24,81 ± 1,33) ìêì ïðè íîðì³ (32,72 ± 2,36) ìêì 
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(ð < 0,05). Ñïîëó÷íîòêàíèíí³ ïðîøàðêè çíà÷íî ðîç-
øèðåí³ çà ðàõóíîê íàáðÿêó, ñâ³ä÷åííÿì ÷îãî º òàêîæ 
³ ðåçóëüòàòè ìîðôîìåòðè÷íîãî àíàë³çó. Òàê, ÷àñòêà 
³íòåðñòèö³þ ñòàíîâèòü 5,98 % (ó íîðì³ – 0,63 %), ïà-
ðåíõ³ìè – 89,66 % (ó íîðì³ – 99,37 %), çâ³äñè, ïàðåí-
õ³ìàòîçíî-³íòåðñòèö³éíèé ³íäåêñ ñêëàäàº 15,0, òîä³ 
ÿê ó ³íòàêòíèõ òâàðèí – 158,49. 

Çà óìîâ êîìá³íîâàíîãî äåô³öèòó éîäó òà ñåëåíó 
â ì³îêàðä³ â³äì³÷àºòüñÿ âèðàæåíèé íàáðÿê ³íòåðñòè-
ö³þ (÷àñòêà ³íòåðñòèö³þ ñòàíîâèòü 14,42 %, êàðä³î-
ì³îöèò³â – 85,58 %, ïàðåíõ³ìàòîçíî-³íòåðñòèö³éíèé 
³íäåêñ – 5,94). Â îêðåìèõ ïîëÿõ çîðó ñïîñòåð³ãà-
þòüñÿ îñåðåäêè êë³òèííî¿ ³íô³ëüòðàö³¿ ç íàÿâí³ñòþ 
ë³ìôîöèò³â ³ ìàêðîôàã³â. Ñóäèíè íåð³âíîì³ðíîãî 
êðîâîíàïîâíåííÿ ç âîãíèùåâèì íàáðÿêîì ¿õ ñò³í-
êè. Ïó÷êè êàðä³îì³îöèò³â ðîçð³çíåí³, õâèëÿñò³, ¿õ 
öèòîïëàçìà çàáàðâëåíà íåð³âíîì³ðíî çà ðàõóíîê 
îñåðåäê³â ïðîñâ³òëåííÿ, ìåæ³ êë³òèí íå÷³òê³, ÿäðà 
äåôîðìîâàí³, ïëîùåþ (29,46 ± 1,63) ìêì2, ïåðèìå-
òðîì – (23,69 ± 1,98) ìêì. 

Ïðè ñâ³òëîîïòè÷íîìó äîñë³äæåíí³ ïå÷³íêè òâà-
ðèí ³ç ÃÄ íà òë³ ìîíîäåô³öèòó éîäó âèÿâëÿºòüñÿ çáå-
ðåæåííÿ ¿¿ ì³êðîìîðôîëîã³÷íî¿ áóäîâè. Á³ëüø³ñòü 
öåíòðàëüíèõ âåí ³ ñèíóñî¿äíèõ êàï³ëÿð³â ðîçøèðå-
í³ òà ïåðåïîâíåí³ êðîâ’þ. Ãåïàòîöèòè íàáðÿêë³, ç 
çåðíèñòîþ åîçèíîô³ëüíîþ öèòîïëàçìîþ, ïëîùåþ 
(535,50 ± 33,86) ìêì2, ïåðèìåòðîì – (92,17 ± 3,85) 
ìêì. ßäðà êë³òèí çá³ëüøåí³: ñåðåäíÿ ¿õ ïëîùà ñêëà-
äàº (99,97 ± 7,90) ìêì2, à ïåðèìåòð – (40,34 ± 1,91) 
ìêì ³, â³äïîâ³äíî, ÿäåðíî-öèòîïëàçìàòè÷íèé ³íäåêñ 
ñòàíîâèòü (0,19 ± 0,23), ñëàáî áàçîô³ëüí³ ç ìàðã³-
íàëüíîþ êîíäåíñàö³ºþ ãåòåðîõðîìàòèíó. Ïðîñòîðè 
Ä³ññå ðîçøèðåí³. Ùîäî ñòðîìàëüíîãî êîìïîíåíòó, 
òî íàáðÿêë³ ñïîëó÷íîòêàíèíí³ ïðîøàðêè îòî÷óþòü 
ðîçøèðåí³ ïîðòàëüí³ òðàêòè. Ó òîé æå ÷àñ ó ³íòàêòíèõ 
òâàðèí ïëîùà ãåïàòîöèòà ñòàíîâèòü (331,02 ± 22,81) 
ìêì2, ïåðèìåòð – (64,50 ± 2,59) ìêì, ïëîùà ÿäðà – 
(55,76 ± 16,92) ìêì2, ïåðèìåòð ÿäðà – (29,96 ± 4,77) 
ìêì. 

Â óìîâàõ åêñïåðèìåíòàëüíî çìîäåëüîâàíî¿ ÃÄ 
íà òë³ êîìá³íîâàíîãî äåô³öèòó ì³êðîåëåìåíò³â ñïî-
ñòåð³ãàºòüñÿ ïîì³ðíà äèñêîìïëåêñàö³ÿ ïëàñòèíêî-
âî¿ áóäîâè ãåïàòîöèò³â. Â³äì³÷àºòüñÿ çîíàëüí³ñòü 

Òàáëèöÿ 3

Çì³íè ïîêàçíèê³â NO-ñèíòàçíî¿ ñèñòåìè ó òêàíèíàõ ñåðöÿ òà ïå÷³íêè ùóð³â ³ç 
ã³ïîòèðåî¿äíîþ äèñôóíêö³ºþ íà òë³ éîäíî¿ äåïðèâàö³¿, êîìá³íîâàíîãî äåô³öèòó éîäó òà 

ñåëåíó (Mm)

Ãðóïè
Ñåðöå Ïå÷³íêà

NOS 
(íìîëü/õâ·ìã)

iNOS 
(íìîëü/õâ·ìã)

ñNOS 
(íìîëü/õâ·ìã)

NOS
(íìîëü/õâ·ìã)

iNOS 
(íìîëü/õâ·ìã)

ñNOS 
(íìîëü/õâ·ìã)

²íòàêòí³ òâàðèíè (n = 30) 18,77 ± 0,66 9,26 ± 0,55 3,47 ± 0,29 8,00 ± 0,87 3,59 ± 0,34 3,09 ± 0,26

1-à äîñë³äíà ãðóïà (n = 30) 7,18 ± 0,49* 6,17 ± 0,55* 3,54 ± 0,38 3,19 ± 0,40* 1,90 ± 0,19* 2,01 ± 0,24*

2-à äîñë³äíà ãðóïà (n = 30)
3,4 ± 0,24*
p

 1-2 
< 0,001

2,4 ± 0,19*
p

 1-2 
< 0,001

2,01 ± 0,19*
p

 1-2 
< 0,01

2,21 ± 0,13*
p

 1-2 
< 0,05

1,40 ± 0,13*
p

 1-2 
< 0,05

1,16 ± 0,20*
p

 1-2 
< 0,02

Ïðèì³òêà: * â³ðîã³äíà ð³çíèöÿ (ð < 0,05) ùîäî àíàëîã³÷íèõ ïîêàçíèê³â ó ³íòàêòíèõ òâàðèí; ð ³ç àðàáñüêèìè öèôðàìè – â³ðîã³äíà ð³çíèöÿ ì³æ 

ïîêàçíèêàìè â³äïîâ³äíèõ äîñë³äíèõ ãðóï. 

äèñòðîô³÷íèõ çì³í ó êë³òèíàõ: áëèæ÷å äî ïåðèïîð-
òàëüíî¿ çîíè â ¿õ öèòîïëàçì³ ïîì³òí³ äð³áíîêðàïëèí-
í³ æèðîâ³ âêëþ÷åííÿ, ÿê³ ïðè çàáàðâëåíí³ ãåìàòîê-
ñèë³íîì ³ åîçèíîì ìàþòü âèãëÿä îïòè÷íèõ ïóñòîò. 
Ì³ñöÿìè â ñåðåäí³é òðåòèí³ ÷àñòî÷êè âèÿâëÿþòüñÿ 
ãåïàòîöèòè ç³ çìîðùåíèì ôðàãìåíòîâàíèì ÿäðîì, 
ïîäåêóäè ÿäðà íå ïðîñë³äêîâóþòüñÿ. Ïîðòàëüí³ ñó-
äèíè, öåíòðàëüí³ àðòåð³¿ òà ñèíóñî¿äí³ ãåìîêàï³ëÿðè 
ðîçøèðåí³ òà ïîì³ðíî ïîâíîêðîâí³. Çà ðåçóëüòàòà-
ìè ìîðôîìåòðè÷íîãî äîñë³äæåííÿ ñåðåäíÿ ïëîùà 
ãåïàòîöèòà ñòàíîâèòü (573,27 ± 30,36) ìêì2, ñåðåä-
í³é ïåðèìåòð – (92,93 ± 6,84) ìêì, ñåðåäíÿ ïëîùà 
ÿäðà – (99,48 ± 3,22) ìêì2, ñåðåäí³é ïåðèìåòð ÿäðà 
– (39,57 ± 2,06) ìêì, ÿäåðíî-öèòîïëàçìàòè÷íèé ³í-
äåêñ – 0,17 ± 0,10. 

Âèñíîâêè. Ðîçâèòîê ÃÄ ñóïðîâîäæóºòüñÿ çì³íà-
ìè ìåòàáîë³çìó îêcèäó àçîòó â îêðåìèõ îðãàíàõ òà 
ñèñòåìàõ, ùî íîñèòü á³ëüøå âèðàæåíèé õàðàêòåð ó 
òâàðèí çà óìîâ êîìá³íîâàíîãî äåô³öèòó ì³êðîåëå-
ìåíò³â (éîäó òà ñåëåíó). Á³îõ³ì³÷í³ çì³íè ïîêàçíèê³â 
ñèñòåìè îêñèäó àçîòó (çìåíøåííÿ âì³ñòó í³òðèò-
³îíó â ñèðîâàòö³ êðîâ³ òà çíèæåííÿ àêòèâíîñò³ NO-
ñèíòàç ó äîñë³äæóâàíèõ òêàíèíàõ) óçãîäæóþòüñÿ ³ç 
ïîðóøåííÿìè ñòðóêòóðíî¿ îðãàí³çàö³¿ òêàíèí ñåðöÿ 
òà ïå÷³íêè (íàáðÿê ³íòåðñòèö³þ, ðîçâèòîê äèñòðî-
ô³÷íèõ çì³í, çìåíøåííÿ ïëîù³ òà ïåðèìåòðà ÿäåð 
êàðä³îì³îöèò³â, íàáðÿê ãåïàòîöèò³â, çá³ëüøåííÿ ¿õ 
ïëîù³ òà ïåðèìåòðà). Òàêèì ÷èíîì, âèÿâëåí³ çì³íè â 
ñèñòåì³ ìåòàáîë³çìó îêñèäó àçîòó ìîæóòü âèñòóïà-
òè îäí³ºþ ³ç ìåòàáîë³÷íèõ ëàíîê ïàòîãåíåçó ÃÄ, ùî 
ñóïðîâîäæóºòüñÿ ïîðóøåííÿì ñòðóêòóðè òðîïíèõ äî 
òèðåî¿äíèõ ãîðìîí³â òêàíèí ³ çóìîâëþâàòè ðîçâèòîê 
óñêëàäíåíü, ïîâ’ÿçàíèõ ³ç ïîðóøåííÿì ôóíêö³¿ ïå-
÷³íêè òà ñåðöåâî-ñóäèííî¿ ñèñòåìè. 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Âðà-
õîâóþ÷è, ùî ïîðóøåííÿ ôóíêö³îíóâàííÿ ñèñòåìè 
îêñèäó àçîòó ç ÷³òêîþ òåíäåíö³ºþ äî ³íàêòèâàö³¿ 
ìîæå áóòè íàñë³äêîì îêñèäàòèâíîãî ñòðåñó, äîö³ëü-
íèì º âèâ÷åííÿ ìåòàáîë³÷íèõ àñïåêò³â (ð³âíÿ ïåðå-
á³ãó êèñíåçàëåæíèõ ïðîöåñ³â, îö³íêà ïðîòèðàäè-
êàëüíîãî çàõèñòó) òà îñîáëèâîñòåé ñòðóêòóðè ³íøèõ 
îðãàí³â ³ ñèñòåì, ùî ðåàãóþòü íà ïîðóøåííÿ òèðåî-
¿äíîãî ãîìåîñòàçó. 
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Íèêîëèøèí Ë. Â., Âîðîíè÷-Ñåì÷åíêî Í. Ì., Áàãð³é Ì. Ì. 
Ðåçþìå. Ó ñòàòò³ ïðîàíàë³çîâàíî ñï³ââ³äíîøåííÿ ïîêàçíèê³â òèðåî¿äíîãî ñòàòóñó, ñèñòåìè ìåòàáîë³çìó 

îêñèäó àçîòó òà îñîáëèâîñòåé ñòðóêòóðè òêàíèí ì³îêàðäà é ïå÷³íêè ó ùóð³â ³ç ã³ïîòèðåî¿äíîþ äèñôóíêö³ºþ 
(ÃÄ) çà óìîâ éîäíî¿ äåïðèâàö³¿ òà êîìá³íîâàíîãî äåô³öèòó éîäó é ñåëåíó. Âèÿâëåíî, ùî ïðè êîìá³íîâàíîìó 
äåô³öèò³ ì³êðîåëåìåíò³â ó òâàðèí ³ç ÃÄ ðîçâèâàþòüñÿ á³ëüøå âèðàæåí³ çì³íè òèðåî¿äíîãî ãîìåîñòàçó. Ðîçâè-
òîê ÃÄ ñóïðîâîäæóºòüñÿ çìåíøåííÿì âì³ñòó í³òðèò-³îíó ó ñèðîâàòö³ êðîâ³ òà ïðèãí³÷åííÿì NO-ñèíòàçíî¿ ñèñ-
òåìè ó òêàíèíàõ ñåðöÿ é ïå÷³íêè. Çà òàêèõ óìîâ êîíòóðè êàðä³îì³îöèò³â ðîçìèò³, ñàðêîïëàçìà íåð³âíîì³ðíî 
çàáàðâëåíà, çåðíèñòà, ïîïåðå÷íà ïîñìóãîâàí³ñòü âèÿâëÿºòüñÿ âîãíèùåâî, ñóòòºâî çìåíøóºòüñÿ ïëîùà òà 
ïåðèìåòð ÿäåð, ñïîëó÷íîòêàíèíí³ ïðîøàðêè çíà÷íî ðîçøèðåí³ çà ðàõóíîê íàáðÿêó, ïàðåíõ³ìàòîçíî-³íòåð-
ñòèö³éíèé ³íäåêñ ñêëàäàº 15,0 (ó íîðì³ – 158,5). Ó ì³îêàðä³ ñïîñòåð³ãàºòüñÿ íåð³âíîì³ðíå êðîâîíàïîâíåííÿ 
ñóäèí, âîãíèùåâèé íàáðÿê åíäîòåë³îöèò³â, ïîì³ðíèé ïåðèâàñêóëÿðíèé íàáðÿê. Ó ïå÷³íö³ á³ëüø³ñòü öåíòðàëü-
íèõ âåí ³ ñèíóñî¿äíèõ êàï³ëÿð³â ðîçøèðåí³ òà ïåðåïîâíåí³ êðîâ’þ. Ãåïàòîöèòè íàáðÿêë³ (ùî ï³äòâåðäæóºòü-
ñÿ äîñòîâ³ðíèì çá³ëüøåííÿì ¿õ ïëîù³ òà ïåðèìåòðà), ³ç çåðíèñòîþ åîçèíîô³ëüíîþ öèòîïëàçìîþ. Âèÿâëåí³ 
çì³íè â ñèñòåì³ ìåòàáîë³çìó îêñèäó àçîòó ìîæóòü âèñòóïàòè îäí³ºþ ³ç ëàíîê ïàòîãåíåçó ÃÄ, ùî ñóïðîâîäæó-
ºòüñÿ ïîðóøåííÿì ñòðóêòóðè òðîïíèõ äî òèðåî¿äíèõ ãîðìîí³â òêàíèí ³ çóìîâëþâàòè ðîçâèòîê óñêëàäíåíü, 
ïîâ’ÿçàíèõ ³ç ïîðóøåííÿì ôóíêö³é ïå÷³íêè òà ñåðöåâî-ñóäèííî¿ ñèñòåìè. 
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Ðåçþìå. Â ñòàòüå ïðîàíàëèçèðîâàíî ñîîòíîøåíèå ïîêàçàòåëåé òèðåîèäíîãî ñòàòóñà, ñèñòåìû ìåòà-

áîëèçìà îêñèäà àçîòà è îñîáåííîñòåé ñòðóêòóðû òêàíåé ìèîêàðäà è ïå÷åíè ó êðûñ èç ãèïîòèðåîèäíîé äèñ-
ôóíêöèåé (ÃÄ) â óñëîâèÿõ éîäíîé äåïðèâàöèè, êîìáèíèðîâàííîãî äåôèöèòà éîäà è ñåëåíà. Âûÿâëåíî, ÷òî ïðè 
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êîìáèíèðîâàííîì äåôèöèòå ìèêðîýëåìåíòîâ ó æèâîòíûõ èç ÃÄ ðàçâèâàþòñÿ áîëåå âûðàæåííûå èçìåíåíèÿ 
òèðåîèäíîãî ãîìåîñòàçà. Ðàçâèòèå ÃÄ ñîïðîâîæäàåòñÿ óìåíüøåíèåì ñîäåðæàíèÿ íèòðèò-èîíà â ñûâîðîòêå 
êðîâè è óãíåòåíèåì NO-ñèíòàçíîé ñèñòåìû ó òêàíÿõ ñåðäöà è ïå÷åíè. Â òàêèõ óñëîâèÿõ êîíòóðû êàðäèîìèî-
öèòîâ ðàçìûòûå, ñàðêîïëàçìà íåðàâíîìåðíî îêðàøåíà, çåðíèñòàÿ, ïîïåðå÷íàÿ èñ÷åð÷åííîñòü íàáëþäàåòñÿ 
î÷àãîâî, ñóùåñòâåííî óìåíüøàåòñÿ ïëîùàäü è ïåðèìåòð ÿäåð, ïðîñëîéêè ñîåäèíèòåëüíîé òêàíè çíà÷èòåëü-
íî ðàñøèðåíû çà ñ÷åò îòåêà, ïàðåíõèìàòîçíî-èíòåðñòèöèàëüíûé èíäåêñ ñîñòàâëÿåò 15,0 (â íîðìå – 158,5). Â 
ìèîêàðäå íàáëþäàåòñÿ íåðàâíîìåðíîå êðîâåíàïîëíåíèå ñîñóäîâ, î÷àãîâûé îòåê ýíäîòåëèîöèòîâ, óìåðåííûé 
ïåðèâàñêóëÿðíûé îòåê. Â ïå÷åíè áîëüøèíñòâî öåíòðàëüíûõ âåí è ñèíóñîèäíûõ êàïèëÿðîâ ðîçøèðåíû è 
íàïîëíåíû êðîâüþ. Ãåïàòîöèòû îòåêøèå (÷òî ïîäòâåðæäàåòñÿ äîñòîâåðíûì óâåëè÷åíèåì èõ ïëîùàäè è ïåðè-
ìåòðà), èìåþò çåðíèñòóþ ýîçèíîôèëüíóþ öèòîïëàçìó. Âûÿâëåííûå èçìåíåíèÿ â ñèñòåìå ìåòàáîëèçìà îêñèäà 
àçîòà ìîãóò âûñòóïàòü îäíèì èç çâåíüåâ ïàòîãåíåçà ÃÄ, ÷òî ñîïðîâîæäàåòñÿ íàðóøåíèåì ñòðóêòóðû òðîïíûõ ê 
òèðåîèäíûì ãîðìîíàì òêàíåé, îáóñëîâëèâàÿ ðàçâèòèå îñëîæíåíèé, ñâÿçàííûõ ñ íàðóøåíèåì ôóíêöèé ïå÷åíè 
è ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû. 
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Ñomparative analysis for the Changes of the Indexes of System of the Metabolism of Nitrogen Oxide, 

Structural Violations in Myocardium and Liver in Rats with Hypothyroid Dysfunction on the Background of 
Iodine Deprivation and Combined Deficiency of Iodine and Selenium

Nykolyshyn L. V., Voronich-Semchenko N. M., Bagriy M. M. 
Abstract. The actuality of research lies in the increase of diseases of thyroid gland independently from the region of 

goiter endemy and in the high probability of the deficiency of other essential microelements, particularly the selenium 
in the pathogenesis of hypothyroidism. 

The aim of this research was the study of interrelationship of indexes of the system of metabolism of nitrogen oxide 
and the peculiarities of the structure of the tissues of myocardium and liver in rats with hypothyroid dysfunction in 
conditions of iodine deprivation and combined deficiency of iodine and selenium. The research has been carried out 
on 90 non linear sex matured male rats. The animals were divided on two experimental groups: rats with hypothyroid 
dysfunction on the background of iodine deficiency (1nd group); rats with hypothyroid dysfunction in conditions of 
combined deficiency of iodine and selenium (2nd group). Hypothyroid dysfunction was induced by adding of merkasolil 
to drinking water on the background of iodine deficient diet throughout 45 days. Selenium deficiency was induced by 
adding of balanced ration consisting of natural ingredients to the basic diet. For comparing purposes the analogous 
indexes were studied in 30 intact animals (control group). The functional state of thyroid in animals of all experimental 
groups was evaluated by the level of thyroid hormones in blood serum (free triiodothyronine (fT

3
) and thyroxine (fÒ

4
) and 

thyroid stimulating hormone – TSH. System of nitrogen oxide was evaluated by the level of nitrite-ion in blood serum 
and the activity of NO-synthases: general (NOS), constitutional (cNOS) and inducible (iNOS) in the tissues of heart and 
liver. The peculiarities of microscopic organization of heart and liver has been studied by optic microscopy. The tissue 
preparations have been stained with hematoxylin and eosin. 

The analysis of the results of carried out research has revealed the significant changes of the content of nitric-ion 
in blood serum of rats of 2nd group that can negatively influence on the structure of some cells and tissues in general. 
Such changes of the content of nitric-ion were being observed on the background of the decrease in activity of NO-
synthases in all researched tissues in conditions of hypothyroidism. In such case the more pronounced changes of the 
indexes of the system of nitrogen oxide were being observed in animals with combined deficiency of microelements. In 
the abovementioned conditions the contours of the cardiac myocytes are blurred, the sarcoplasm is irregularly stained, 
granulose, the cross striations are being observed not everywhere, the square and the perimeter of nuclei are decreasing. 
The layers of connective tissue are significantly enlarged due to edema, the parenchyma and interstitial index is 15,0 
(at norm it is 158,5). The myocardium has irregular blood filling of vessels, focal edema of endotheliocytes, moderate 
perivascular edema. In liver the majority of central veins and sinusoid capillaries are enlarged and overfilled with blood. 
The hepatocytes are edematic (that is proved by the increase of their square and perimeter) with granulose eosinophilic 
cytoplasm. 

That is why the detected changes in the system of the metabolism of nitrogen oxide could be one of the metabolic 
links of the pathogenesis of hypothyroidism that is followed by the violation of the structure of tissues tropic to the 
influence of thyroid hormones and could cause the development of complications connected with the violation of 
functions of liver and cardiovascular system. 

Keywords: hypothyroid dysfunction, selenium deficiency, system of the metabolism of nitrogen oxide, heart, liver. 
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