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Ðîáîòà âèêîíàíà â ðàìêàõ ïëàíîâî¿ ÍÄÐ êàôå-
äðè á³îëîã³÷íî¿ òà çàãàëüíî¿ õ³ì³¿ Â³ííèöüêîãî íàö³î-
íàëüíîãî ìåäè÷íîãî óí³âåðñèòåòó ³ì. Ì. ². Ïèðîãîâà: 
«Îáì³í ãîìîöèñòå¿íó â óìîâàõ ä³¿ íóòð³ºíòíèõ ÷èííè-
ê³â òà ïðè ð³çíèõ ïàòîëîã³÷íèõ ñòàíàõ», ¹ äåðæ. ðåº-
ñòðàö³¿ 0106U005134. 

Âñòóï. Ã³ïåðãîìîöèñòå¿íåì³ÿ (ÃÃÖ) àñîö³þºòüñÿ 
ç ðîçâèòêîì íåéðîâàñêóëÿðíèõ òà íåéðîäåãåíåðà-
òèâíèõ çàõâîðþâàíü. Â ïðîöåñ³ îáì³íó ãîìîöèñòå¿íó 
(ÃÖ) â ã³ïîêàìï³, ìîçî÷êó, êîð³, ñòîâáóð³ ìîçêó, öåðå-
áðàëüíèõ ñóäèíàõ óòâîðþºòüñÿ á³îëîã³÷íî-àêòèâíà 
ìîëåêóëà ã³äðîãåíñóëüô³ä (H

2
S), ùî âèêîíóº ôóíê-

ö³¿ íåéðîòðàíñì³òòåðà, öèòîïðîòåêòîðà òà àíòèîê-
ñèäàíòà [11,12]. Ñèíòåç H

2
S â ìîçêó çàáåçïå÷óþòü 

ï³ðèäîêñàëüôîñôàòçàëåæí³ åíçèìè – öèñòàò³îí³í-
β-ñèíòàçà, öèñòå¿íàì³íîòðàíñôåðàçà ó àñîö³àö³¿ 
ç 3-ìåðêàïòî ï³ðóâàò ñóëüôóð òðàíñôåðàçîþ [17]. 
Íå âèêëþ÷àºòüñÿ ³ ìîæëèâ³ñòü ñèíòåçó H

2
S â ìîçêó 

ç àëüòåðíàòèâíèõ äæåðåë, íàïðèêëàä ò³îñóëüôàò-
àí³îíó. Äåãðàäàö³ÿ H

2
S ìîæå çä³éñíþâàòèñü íååíçè-

ìàòè÷íèì òà åíçèìàòè÷íèì øëÿõîì, îäíèì ç 
åòàï³â ÿêîãî º îêèñíåííÿ ñóëüô³ò-àí³îíó çà ó÷àñò³ 
ñóëüô³òîêñèäàçè ó ì³òîõîíäð³ÿõ [16]. Îñîáëèâîñ-
ò³ îáì³íó H

2
S â ìîçêó çà óìîâ ÃÃÖ îñòàòî÷íî íå 

ç’ÿñîâàí³, à ³íôîðìàö³ÿ ïðî äæåðåëà åíäîãåííîãî 
H

2
S ïîñò³éíî ðîçøèðþºòüñÿ. Âèíèêàº ïèòàííÿ, ÿê 

âïëèâàº ÃÃÖ íà âì³ñò H
2
S, àêòèâí³ñòü åíçèì³â éîãî 

ñèíòåçó òà äåãðàäàö³¿. 
Ìåòîþ ðîáîòè áóëî âèâ÷èòè ïîêàçíèêè îáì³íó 

H
2
S â ìîçêó ùóð³â ç ³çîëüîâàíîþ ï³äãîñòðîþ òà 

òðèâàëîþ ÃÃÖ, ³íäóêîâàíîþ ââåäåííÿì ò³îëàêòîíó 
ÃÖ. 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Äîñë³äè ïðîâå-
äåí³ íà 56 á³ëèõ ëàáîðàòîðíèõ ùóðàõ-ñàìöÿõ ìàñîþ 
220-280 ã. Òâàðèíè ïåðåáóâàëè â ñòàíäàðòíèõ óìî-
âàõ â³âàð³þ ç ïðèðîäí³ì ñâ³òëîâèì ðåæèìîì äåíü/
í³÷, âîäó ³ êîðì îòðèìóâàëè ad libitum. Ï³ä ÷àñ åêñïå-
ðèìåíò³â òâàðèí ãîäóâàëè íàï³âñèíòåòè÷íîþ êðîõ-
ìàëüíî-êàçå¿íîâîþ ä³ºòîþ ³ç çáàëàíñîâàíèì âì³ñ-
òîì âñ³õ ìàêðî- òà ì³êðîíóòð³ºíò³â [1]. Äîñë³äæåííÿ 
ïðîâåäåíî çà çàãàëüíèìè åòè÷íèìè ïðèíöèïàìè 
åêñïåðèìåíò³â íà òâàðèíàõ, óõâàëåíèõ Ïåðøèì íà-
ö³îíàëüíèì êîíãðåñîì Óêðà¿íè ç á³îåòèêè (Êè¿â, 
2001), «ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò õðåáåò-
íèõ òâàðèí, ùî âèêîðèñòîâóþòüñÿ äëÿ äîñë³äíèõ 
òà ³íøèõ íàóêîâèõ ö³ëåé» (Ñòðàñáóðã, 1986), ³íøèõ 

ì³æíàðîäíèõ óãîä òà íàö³îíàëüíîãî çàêîíîäàâñòâà 
â ö³é ãàëóç³. 

Òâàðèí âèïàäêîâèì ÷èíîì ðîçïîä³ëÿëè íà ãðóïè, 
ïî 8-10 îñîáèí â êîæí³é. Ìîäåëü ³çîëüîâàíî¿ ÃÃÖ 
(ï³äãîñòðî¿ òà òðèâàëî¿) ñòâîðþâàëè øëÿõîì ââå-
äåííÿ ò³îëàêòîíó D,L-ãîìîöèñòå¿íó (Sigma, ÑØÀ) â/
øë íà 1 % êðîõìàëüíîìó ãåë³ â äîç³ 200 ìã/êã óïðî-
äîâæ 14 ä³á àáî â äîç³ 100 ìã/êã óïðîäîâæ 28 ä³á, 
â³äïîâ³äíî. Ùóðàì êîíòðîëüíèõ ãðóï ââîäèëè åêâ³-
âàëåíòí³ ê³ëüêîñò³ 1 % êðîõìàëüíîãî ãåëþ. Çíåæèâ-
ëþâàëè òâàðèí ìåòîäîì äåêàï³òàö³¿ ï³ä ïðîïîôîëî-
âèì íàðêîçîì («Fresenius Kabi» 60 ìã/êã â/î). 

Âì³ñò H
2
S â ãîëîâíîìó ìîçêó âèçíà÷àëè ÿê îïè-

ñàíî [4]. Ìîçîê ïðîìèâàëè õîëîäíèì 1,15 % ðîç÷è-
íîì KCl, íàâàæêó òêàíèíè ãîìîãåí³çóâàëè 1-2 õâ. â 
ñåðåäîâèù³ 0,01 Ì NaOH ó ñï³ââ³äíîøåíí³ 1:5 (ìàñà/
îá’ºì) ïðè 3000 îá/õâ (òåôëîí-ñêëî). Äî 1 ìë ãîìî-
ãåíàòó äîäàâàëè 250 ìêë 50 % ÒÕÎ, öåíòðèôóãóâàëè 
ïðè 1200 g 15 õâ., â ñóïåðíàòàíò³ âèçíà÷àëè âì³ñò H

2
S 

çà ðåàêö³ºþ ç N,N-äèìåòèë-ïàðà-ôåí³ëåíä³àì³íîì â 
ïðèñóòíîñò³ FeCl

3
. Äëÿ ïîïåðåäæåííÿ âòðàò H

2
S ìà-

í³ïóëÿö³¿ ïðîâîäèëè ó ñòåðèëüíèõ ãåðìåòèçîâàíèõ 
ïëàñòèêîâèõ ïðîá³ðêàõ. 

Äëÿ ³íøèõ äîñë³äæåíü ìîçîê ãîìîãåí³çóâàëè 1-2 
õâ. â îõîëîäæåííîìó ñåðåäîâèù³ 1,15 % KCl ó ñï³â-
â³äíîøåíí³ 1:4 (ìàñà/îá’ºì) ïðè 3000 îá/õâ (òåôëîí-
ñêëî). Öåíòðèôóãóâàëè 30 õâ ïðè 600 g ïðè 4oC, 
â³äáèðàëè àë³êâîòè ïîñòÿäåðíîãî ñóïåðíàòàíòó â ì³-
êðîïðîá³ðêè Åðpendorf ³ äî ïðîâåäåííÿ äîñë³äæåíü 
çáåð³ãàëè ïðè -20îÑ. Àêòèâí³ñòü Í

2
S-ñèíòåçóþ÷èõ 

åíçèì³â öèñòàò³îí³í-β-ñèíòàçè (ÖÁÑ, ÊÔ 4.2.1.22), 
öèñòå¿íàì³íî òðàíñôåðàçè (ÖÀÒ, ÊÔ 2.6.1.3) ðàçîì 
³ç 3-ìåðêàïòî ï³ðóâàò ñóëüôóðòðàíñôåðàçîþ (3-ÌÑÒ, 
ÊÔ 2.8.1.2), ò³îñóëüôàòäèò³îë ñóëüô³ä òðàíñôåðàçè 
(ÒÑÒ, ÊÔ 2.8.15) â ïîñòÿäåðíîìó ñóïåðíàòàíò³ ìîçêó 
îö³íþâàëè ÿê îïèñàíî [3]. 

Çàãàëüíó øâèäê³ñòü óòèë³çàö³¿ H
2
S â ìîçêó âè-

çíà÷àëè çà äîïîìîãîþ ìîäåëüíî¿ ñèñòåìè (Ïàòåíò 
¹ 87884): äî 1 ìë ³íêóáàö³éíîãî ñåðåäîâèùà, ÿêå 
ì³ñòèëî 312 ìêÌ Na

2
S, 0,47 ìÌ Òðèñ-ÍÑ² áóôåðó 

(ðÍ 7,4) äîäàâàëè 0,1 ìë (1 ìã ïðîòå¿íó) ïîñòÿäåð-
íîãî ñóïåðíàòàíòó ãîìîãåíàòó ìîçêó, ³íêóáóâàëè 
ïðè 37îÑ â ãåðìåòèçîâàíèõ ïðîá³ðêàõ, ³ ÷åðåç 30 õâ. 
âèçíà÷àëè âì³ñò ñóëüô³ä-àí³îíó çà ðåàêö³ºþ ç N,N-
äèìåòèë-ïàðà-ôåí³ëåíä³àì³íîì [2]. Ïèòîìó øâèä-
ê³ñòü óòèë³çàö³¿ H

2
S ðîçðàõîâóâàëè çà çíèæåííÿì 
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êîíöåíòðàö³¿ ñóëüô³ä-àí³îíó ³ âèðàæàëè ó íìîëü 
S2-/õâ·ìã ïðîòå¿íó. Àêòèâí³ñòü ñóëüô³òîêñèäàçè (ÊÔ 
1.8.3.1) âèçíà÷àëè çà øâèäê³ñòþ îêèñíåííÿ ñóëüô³ò-
àí³îíó â ïðèñóòíîñò³ ãåêñîö³àíîôåððàòó êàë³þ [5]. 
Âì³ñò ÃÖ â ñèðîâàòö³ êðîâ³ âèçíà÷àëè çà íàáîðîì 
«Homocysteine EIA» (A x is-Shield, Àíãë³ÿ). 

Ñòàòèñòè÷íèé àíàë³ç ïðîâîäèëè ç âèêîðèñòàí-
íÿì t-êðèòåð³þ Ñòüþäåíòà, äëÿ âèçíà÷åííÿ çâ’ÿçê³â 
ì³æ ïîêàçíèêàìè ïðîâîäèëè êîðåëÿö³éíèé àíàë³ç ïî 
Ï³ðñîíó. Â³ðîã³äíèìè ââàæàëè äàí³ ïðè ð < 0,05. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. 
Ñïî÷àòêó áóâ äîñë³äæåíèé âì³ñò H

2
S â ìîçêó 18 ³í-

òàêòíèõ ñòàòåâîçð³ëèõ ùóð³â-ñàìö³â. Ðåçóëüòàòè 
íàøèõ äîñë³äæåíü ïîêàçàëè, ùî àáñîëþòíèé âì³ñò 
Í

2
S â ìîçêó ñòàíîâèâ 3,91 ± 0,13 (Ìå = 3,79; Ñ² 95 % 

3,30-4,84) ìêã/ã âîëîãî¿ òêàíèíè, ùî â³äïîâ³äàëî 
2,70 ± 0,12 (Ìå = 2,55; Ñ² 95 % 2,11-3,47) íìîëü/
ìã ïðîòå¿íó. Âêàçàíèé âì³ñò Í

2
S â ìîçêó ùóð³â 

âèÿâëÿâñÿ çà óìîâ ô³ç³îëîã³÷íîãî áàçàëüíîãî ð³âíÿ 
ÃÖ â ñèðîâàòö³ êðîâ³ – 6,57 ± 0,23 (Ìå = 6,53; Ñ² 95 % 
5,16-8,18) ìêìîëü/ë. Ïðè öüîìó ñï³ââ³äíîøåííÿ 
ì³æ âì³ñòîì Í

2
S òà ÃÖ ó ³íòàêòíèõ òâàðèí ñêëàëî 

0,43 ± 0,03 (Ìå = 0,39; Ñ² 95 % 0,27-0,67). 
Îòðèìàí³ íàìè äàí³ óçãîäæóþòüñÿ ç ðåçóëüòàòàìè 

³íøèõ äîñë³äæåíü – âì³ñò H
2
S â ìîçêó ìèøåé ñòà-

íîâèâ 2,60 ìêã/ã òêàíèíè [4]. Ñë³ä â³äçíà÷èòè, ùî â 
á³ëüøîñò³ äîñë³äæåíü âì³ñò H

2
S âèçíà÷àºòüñÿ çà ðå-

àêö³ºþ ç N,N-äèìåòèë-ïàðà-ôåí³ëåíä³àì³íîì â ïðè-
ñóòíîñò³ FeCl

3
, ùî ïîòðåáóº ñèëüíî êèñëîãî ñåðåä-

îâèùà ³ íå âèêëþ÷àº âèâ³ëüíåííÿ H
2
S ç òêàíèííèõ 

äåïî. Éìîâ³ðíî, âíóòð³øíüîêë³òèííà êîíöåíòðàö³ÿ 
â³ëüíîãî H

2
S º íàáàãàòî ìåíøîþ, îñê³ëüêè â ì³òîõîí-

äð³ÿõ ðÍ ñòàíîâèòü á³ëÿ 7-8. Â îäí³é ðîáîò³ ïîêàçà-
íî, ùî âèçíà÷åíèé ìåòîäîì ãàçîâî¿ õðîìàòîãðàô³¿ 
âì³ñò â³ëüíîãî H

2
S â ãîìîãåíàòàõ ìîçêó ùóð³â ñòà-

íîâèâ 0,12 ìêìîëü/êã ïðîòå¿íó, à êèñëîòî-ëàá³ëüíî¿ 
ñ³ðêè – 916 ìêìîëü/êã ïðîòå¿íó [7]. Îòæå, îòðèìàíèé 
íàìè ïîêàçíèê ñêîð³øå â³äîáðàæàº ñóìó â³ëüíî¿ òà 
êèñëîòî-ëàá³ëüíî¿ ôðàêö³¿ H

2
S â òêàíèíàõ ìîçêó. 

14-äîáîâå ââåäåííÿ ò³îëàêòîíó ÃÖ 200 ìã/êã âè-
êëèêàëî äîñòîâ³ðíå çðîñòàííÿ ñèðîâàòêîâîãî ð³âíÿ 
ÃÖ â 3,25 ðàçè, ùî ñóïðîâîäæóâàëîñü çíèæåí-
íÿì âì³ñòó Í

2
S â ìîçêó ùóð³â â 2,0 ðàçè (òàáë. 1). 

28-äîáîâå ââåäåííÿ ò³îëàêòîíó ÃÖ âèêëèêàëî 
ï³äâèùåííÿ âì³ñòó ÃÖ â ñèðîâàòö³ êðîâ³ â 2,54 ðàçè 
òà çíèæåííÿ âì³ñòó Í

2
S â ìîçêó â 2,1 ðàçè. Âì³ñò 

ÃÖ ó ùóð³â ç ï³äãîñòðîþ ÃÃÖ áóâ äîñòîâ³ðíî âèùèì 
(â 1,27 ðàçè), í³æ ó ùóð³â ç òðèâàëîþ ÃÃÖ, â òîé æå 
÷àñ ñóòòºâèõ â³äì³ííîñòåé çà ð³âíåì Í

2
S â ìîçêó ì³æ 

öèìè ãðóïàìè íå âèÿâëÿëîñü. Çà óìîâ ³çîëüîâàíî¿ 
ÃÃÖ ñïîñòåð³ãàëîñü ñóòòºâå çíèæåííÿ â³äíîøåííÿ 
Í

2
S (ìîçîê) / ÃÖ (ñèðîâàòêà) ÿê çà óìîâ 14-äîáîâî¿ 

ìîäåë³ (â 6,14 ðàçè), òàê ³ çà óìîâ 28-äîáîâî¿ ìîäåë³ 
(â 5,13 ðàçè). Â ö³ëîìó, ó ùóð³â ç ³çîëüîâàíîþ ÃÃÖ 
âì³ñò Í

2
S â ìîçêó ñòàíîâèâ (Ìå; Ñ² 95 %) – 1,28 (0,73; 

2,18) íìîëü/ìã ïðîòå¿íó, ùî â³äïîâ³äàëî 1,77 (1,02; 
2,64) ìêã/ã âîëîãî¿ òêàíèíè, à â³äíîøåííÿ Í

2
S / 

ãîìîöèñòå¿í ñêëàëî 0,07 (0,033; 0,149). 
Ðîçâèòîê ÃÃÖ ñóïðîâîäæóâàâñÿ çì³íàìè â 

àêòèâíîñò³ Í
2
S-ñèíòåçóþ÷èõ åíçèì³â (òàáë. 2). 

Çà óìîâ ï³äãîñòðî¿ ÃÃÖ ñïîñòåð³ãàëîñü 

äîñòî â³ðíå çíèæåííÿ øâèäêîñò³ ÏÀÔË-çàëåæíîãî 
äåñóëüôóðóâàííÿ öèñòå¿íó â ïðèñóòíîñò³ ÃÖ çà 
ó÷àñò³ ÖÁÑ (â 1,89 ðàçè) òà â ïðèñóòíîñò³ àëüôà-
êåòîãëóòàðàòó çà ó÷àñò³ ÖÀÒ/3-ÌÒÑ (â 1,45 ðàçè). 
Òàêîæ â ìîçêó ùóð³â ç ï³äãîñòðîþ ÃÃÖ çíèæóâàëàñü 
øâèäê³ñòü óòâîðåííÿ Í

2
S ç ò³îñóëüôàò-àí³îíó çà 

ó÷àñò³ ÒÑÒ (â 1,71 ðàçè). Òðèâàëà ÃÃÖ âèêëèêàëà 
ìàéæå ñï³âñòàâíå ç ï³äãîñòðîþ ÃÃÖ çíèæåííÿ 
àêòèâíîñò³ ÖÁÑ, ÖÀÒ/3-ÌÑÒ òà ÒÑÒ – â 1,52; 1,29 
òà 1,46 ðàçè, â³äïîâ³äíî. Âì³ñò ÃÖ â ñèðîâàòö³ êðîâ³ 
îáåðíåíî êîðåëþâàâ ç âì³ñòîì H

2
S òà àêòèâí³ñ-

òþ öèñòàò³îí³í-β-ñèíòàçè (r = -0,51; -0,71) â ìîçêó. 
Çà ÷óòëèâ³ñòþ äî äåïðèìóþ÷îãî âïëèâó ÃÃÖ H

2
S-

ñèíòåçóþ÷³ åíçèìè ìîçêó ìîæíà ðîçòàøóâàòè òàêèì 
÷èíîì ÖÀÒ < ÒÑÒ < ÖÁÑ. 

Íà íàñòóïíîìó åòàï³ ìè îö³íèëè ÷è çì³íþºòüñÿ 
çäàòí³ñòü ìîçêó äî óòèë³çàö³¿ H

2
S çà óìîâ ÃÃÖ. Âñòà-

íîâëåíî, ùî çà óìîâ ï³äãîñòðî¿ òà òðèâàëî¿ ÃÃÖ 
äîñòîâ³ðíî çðîñòàëà øâèäê³ñòü óòèë³çàö³¿ åêçî-
ãåííîãî H

2
S â 1,77 òà 1,70 ðàçè (òàáë. 3). Îäèí ³ç 

åòàï³â åíçèìàòè÷íî¿ äåãðàäàö³¿ H
2
S ó ì³òîõîíäð³ÿõ 

Òàáëèöÿ 1

Âì³ñò ãîìîöèñòå¿íó â ñèðîâàòö³ êðîâ³ 
òà Í

2
S â ìîçêó ó ùóð³â ç ìîäåëÿìè 

³çîëüîâàíî¿ ÃÃÖ (M ± m, n = 8-10)

Ãðóïè ùóð³â
Ãîìîöèñòå¿í 
(ñèðîâàòêà), 

ìêìîëü/ë

Í
2
S (ìîçîê) 

íìîëü/ìã 
ïðîòå¿íó

Í
2
S / ãîìî-
öèñòå¿í

Ò³îëàêòîí ãîìîöèñòå¿íó 200 ìã/êã 14 ä³á

1 Êîíòðîëü 6,58 ± 0,40 2,72 ± 0,19 0,43 ± 0,05

2
ÃÃÖ 
(ï³äãîñòðà)

21,4 ± 1,42* 1,33 ± 0,15* 0,07 ± 0,01*

Ò³îëàêòîí ãîìîöèñòå¿íó 100 ìã/êã 28 ä³á

3 Êîíòðîëü 6,62 ± 0,23 2,64 ± 0,15 0,41 ± 0,04

4
ÃÃÖ 
(òðèâàëà)

16,8 ± 0,92*# 1,24 ± 0,12* 0,08 ± 0,01*

Ïðèì³òêà: * – ð < 0,05 â³äíîñíî â³äïîâ³äíîãî êîíòðîëþ (ì³æ ãðóïàìè 

1 òà 2; 3 òà 4); # – ð < 0,05 ì³æ ãðóïàìè 2 òà 4. 

Òàáëèöÿ 2

Àêòèâí³ñòü Í
2
S-ñèíòåçóþ÷èõ åíçèì³â â 

ìîçêó ó ùóð³â ç ìîäåëÿìè ³çîëüîâàíî¿ ÃÃÖ 
(M ± m, n = 8-10)

Ãðóïè ùóð³â
Àêòèâí³ñòü åíçèì³â, íìîëü Í

2
S /õâ·ìã 

ïðîòå¿íó

ÖÁÑ ÖÀÒ/3-ÌÑÒ ÒÑÒ

Ò³îëàêòîí ãîìîöèñòå¿íó 200 ìã/êã 14 ä³á

1 Êîíòðîëü 0,472 ± 0,044 0,385 ± 0,025 1,83 ± 0,08

2
ÃÃÖ 
(ï³äãîñòðà)

0,249 ± 0,025* 0,265 ± 0,020* 1,07 ± 0,06*

Ò³îëàêòîí ãîìîöèñòå¿íó 100 ìã/êã 28 ä³á

3 Êîíòðîëü 0,451 ± 0,023 0,393 ± 0,021 1,96 ± 0,05

4
ÃÃÖ 
(òðèâàëà)

0,297 ± 0,018* 0,305 ± 0,026* 1,34 ± 0,09*#

Ïðèì³òêà: * – ð < 0,05 â³äíîñíî â³äïîâ³äíîãî êîíòðîëþ (ì³æ ãðóïàìè 

1 òà 2; 3 òà 4); # – ð < 0,05 ì³æ ãðóïàìè 2 òà 4. 
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êàòàë³çóºòüñÿ ñóëüô³òîêñèäàçîþ, çàáåçïå÷óº îêèñ-
íåííÿ ñóëüô³ò³â äî ñóëüôàò³â. Ââåäåííÿ ò³îëàêòîíó 
ÃÖ ³íäóêóâàëî çíèæåííÿ àêòèâíîñò³ öüîãî åíçèìó 
ïðè 14-äîáîâîìó ââåäåíí³ – â 1,90 ðàçè, ïðè 28-äî-
áîâîìó ââåäåíí³ – â 1,83 ðàçè. 

Òàêèì ÷èíîì, çà óìîâ ³çîëüîâàíî¿ ÃÃÖ (ñåðåäíüî¿ 
âàæêîñò³ òà ïîì³ðíî¿) ôîðìóâàâñÿ äåô³öèò Í

2
S â 

ìîçêó, ùî àñîö³þâàëîñü ç³ çíèæåííÿì êàòàë³òè÷íî¿ 
àêòèâíîñò³ Í

2
S-ñèíòåçóþ÷èõ åíçèì³â, ï³äâèùåííÿì 

çàãàëüíî¿ øâèäêîñò³ äåãðàäàö³¿ Í
2
S òà çíèæåííÿì 

àêòèâíîñò³ ñóëüô³òîêñèäàçè. 
Ö³ëêîì î÷åâèäíî, ùî ÃÃÖ-³íäóêîâàí³ çì³íè â 

ñèñòåì³ H
2
S â ìîçêó ìîæóòü ìàòè íåñïðèÿòëèâ³ íà-

ñë³äêè. Àäæå H
2
S ïðîÿâëÿº íåéðîïðîòåêòîðí³ âëàñ-

òèâîñò³, çàïîá³ãàº ðîçâèòêó ãëóòàìàò-³íäóêîâàíîãî 
îêñèäàòèâíîãî ñòðåñó òà àïîïòîçó íåéðîí³â [11; 
12]. Ìåõàí³çìè, ùî ëåæàòü â îñíîâ³ ôîðìóâàííÿ 
ÃÃÖ-³íäóêîâàíèõ çì³í â ñèñòåì³ H

2
S â ìîçêó ïî-

òðåáóþòü óòî÷íåííÿ. Àêòèâí³ñòü ÖÁÑ çàëåæèòü â³ä 
âì³ñòó S-àäåíîçèëìåò³îí³íó â íåéðîíàõ, ÿêèé ìîæå 

çíèæóâàòèñü çà ÃÃÖ. Â óìîâàõ îêñèäàòèâíîãî ñòðå-
ñó ìîæå â³äáóâàòèñü äåãðàäàö³ÿ H

2
S-ñèíòåçóþ÷èõ 

åíçèì³â, àäæå ÖÁÑ º ðåäîêñ-÷óòëèâèì ãåìâì³ñ-
íèì ïðîòå¿íîì [8]. ÃÖ òà éîãî ò³îëàêòîí ìàþòü 
âèñîêó ðåàêö³éíó çäàòí³ñòü ³ âñòóïàþòü â ðåàêö³¿ 
S- òà N-ãîìîöèñòå¿íóâàííÿ, çì³íþþ÷è âëàñòèâîñò³ 
åíçèì³â [10]. Ñèíòåç H

2
S çà ó÷àñò³ ÖÀÒ/ 3-ÌÑÒ äî-

çîçàëåæíî ³íã³áóºòüñÿ ³îíàìè Ñà2 + [11], êîíöåí-
òðàö³ÿ ÿêèõ â íåéðîíàõ ìîæå çðîñòàòè ï³ä âïëèâîì 
åêñàéòîòîêñè÷íèõ ³íòåðìåä³àò³â ÃÖ [13]. H

2
S ìîæå 

âçàºìîä³ÿòè ç àêòèâíèìè ôîðìàìè êèñíþ, ò³îëàìè, 
ïðîòå¿íàìè ç óòâîðåííÿì íåñòàá³ëüíèõ ïåðñóëüô³-
ä³â (ïðîòå¿í-SSH, ò³îòàóðèí, ò³îöèñòå¿í) [15]. ÃÃÖ-
³íäóêîâàíå çíèæåííÿ àêòèâíîñò³ ñóëüô³òîêñèäàçè 
ñòâîðþº óìîâè äëÿ íàêîïè÷åííÿ â ìîçêó òîêñè÷íîãî 
ñóëüô³ò-àí³îíó, ùî ìîæå çá³ëüøóâàòè îêñèäàòèâíèé 
ñòåñ [14] òà çíèæóâàòè ÷óòëèâ³ñòü ñóäèí äî ä³¿ âàçî-
äèëÿòàòîð³â [6]. Â³äîìî, ùî äåô³öèò ñóëüô³òîêñèäà-
çè â ìîçêó ³íäóêóº åíöåôàëîïàò³þ [9]. 

Îòæå, äèñáàëàíñ â ñèñòåì³ H
2
S â ìîçêó ìîæå áóòè 

³íòåãðîâàíèì â ïàòîãåíåç íåéðîäåãåíåðàòèâíèõ 
ñòàí³â, àñîö³éîâàíèõ ç ÃÃÖ. 

Âèñíîâêè. 
1. ²çîëüîâàíà ÃÃÖ âèêëèêàº çìåíøåííÿ â 2,0-2,1 

ðàçè âì³ñòó H
2
S â ìîçêó; çíèæåííÿ â 1,26-1,89 ðàçè 

àêòèâíîñò³ H
2
S-ñèíòåçóþ÷èõ åíçèì³â (ÖÁÑ, ÖÀÒ, 

ÒÑÒ). Âì³ñò ÃÖ â ñèðîâàòö³ êðîâ³ îáåðíåíî êîðåëþº 
ç âì³ñòîì H

2
S òà àêòèâí³ñòþ ÖÁÑ â ìîçêó (r = -0,51; 

-0,71). 
2. ²çîëüîâàíà ÃÃÖ ñïðè÷èíÿº ï³äâèùåííÿ 

çàãàëüíî¿ øâèäêîñò³ äåãðàäàö³¿ Í
2
S òà çíèæåííÿ 

àêòèâíîñò³ ñóëüô³òîêñèäàçè â ìîçêó ùóð³â, ùî 
ñâ³ä÷èòü ïðî äèñáàëàíñ ó øëÿõàõ óòèë³çàö³¿ H

2
S ³ç 

ñïîâ³ëüíåííÿì ì³òîõîíäð³àëüíèõ åòàï³â. 
Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Óòî÷-

íåííÿ ìîëåêóëÿðíèõ ìåõàí³çì³â, ùî ëåæàòü â îñíî-
â³ ôîðìóâàííÿ ÃÃÖ-³íäóêîâàíèõ çì³í â ñèñòåì³ H

2
S â 

ìîçêó, òà ðîçðîáêà ï³äõîä³â äî êîðåêö³¿ îáì³íó ñ³ð-
êîâì³ñíèõ ìîäóëÿòîð³â â ìîçêó çà óìîâ ÃÃÖ º ïåð-
ñïåêòèâíèì íàïðÿìêîì ïîäàëüøèõ äîñë³äæåíü. 

Ë³òåðàòóðà
1. Ã³ïåðãîìîöèñòå¿íåì³ÿ: ìîäåëþâàííÿ òà âïëèâ íà ñòàí ñóäèííî¿ ñèñòåìè â åêñïåðèìåíò³ / Î. Î. Ïåíòþê, Ì. Á. Ëóöþê, 

Ê. Ï. Ïîñòîâ³òåíêî [òà ³í.] // Äîñÿãíåííÿ á³îëîã³¿ òà ìåäèöèíè. – 2004. – ¹ 1 (3). – Ñ. 35-38. 
2. Ïàò. Óêðà¿íè íà êîðèñíó ìîäåëü ¹ 87884 UA ÌÏÊ (2013) G01N 30/22 Ñïîñ³á âèçíà÷åííÿ óòèë³çàö³¿ H

2
S â îðãàíàõ òâà-

ðèí / Í. Â. Çà³÷êî, Î. Ñ. Îëüõîâñüêèé, Ï. Î. Þð÷åíêî, À. Â. Ìåëüíèê, Î. ². Øòàòüêî; çàÿâíèê òà ïàòåíòîâëàñíèê ÍÄ² 
ðåàá³ë³òàö³¿ ³íâàë³ä³â ÂÍÌÓ ³ì. Ì. ². Ïèðîãîâà. – ¹ u2013 10024; çàÿâë. 12.08.2013; îïóáë. 25.02.2014; Áþë. ¹ 4. 

3. Óòâîðåííÿ ã³äðîãåí ñóëüô³äó â îðãàíàõ ùóð³â / Í. Â. Çà³÷êî, Í. Î. Ïåíòþê, À. Â. Ìåëüíèê [òà ³í.] // Ìåäè÷íà õ³ì³ÿ. – 
2009. – Vol. 11, ¹ 4. – Ñ. 7-13. 

4. Carvedilol induces endogenous hydrogen sulfide tissue concentration changes in various mouse organs / B. Wiliński, 
J. Wiliński, E. Somogyi [et al.] // Folia Biol. (Krakow). – 2011. – Vol. 59, ¹ 3-4. – Ð. 151-155. 

5. Cohen H. J. Hepatic sulfite oxidase. Purification and properties / H. J. Cohen, I. Fridovich // J. Biol. Chem. – 1971. – Vol. 246, 
¹ 2. – Ð. 359-366. 

6. Effects of sulphite supplementation on vascular responsiveness in sulphite oxidase-deficient rats / C. Nacitarhan, V. Kucuka-
tay, G. Sadan [et al.] // Clin. E x p. Pharmacol. Physiol. – 2008. – Vol. 35, ¹ 3. – Ð. 268-272. 

7. Furne J. Whole tissue hydrogen sulfide concentrations are orders of magnitude lower than presently accepted values / 
J. Furne, A. Saeed, M. D. Levitt // Am. J. Physiol. Regul. Integr. Comp. Physiol. – 2008. – Vol. 295, ¹ 5. – P. 1479-1485. 

8. Gadalla M. M. Hydrogen sulfide as a gasotransmitter / M. M. Gadalla, S. H. Snyder // J. Neurochem. – 2010. – Vol. 113. – 
P. 14-26. 

9. Isolated sulphite oxidase deficiency mimics the features of hypoxic ischaemic encephalopathy / E. E. Hobson, S. Thomas, 
P. M. Crofton [et al.] // Eur. J. Pediatr. – 2005. – Vol. 164, ¹ 11. – Ð. 655-659. 

Òàáëèöÿ 3

Àêòèâí³ñòü ñóëüô³òîêñèäàçè òà øâèäê³ñòü 
óòèë³çàö³¿ Í

2
S â ìîçêó ó ùóð³â ç ìîäåëÿìè 

³çîëüîâàíî¿ ÃÃÖ (M ± m, n = 8-10)

Ãðóïè ùóð³â
Ñóëüô³òîêñèäàçà, 
íìîëü [K

3
FeCN

6
] / 

õâ·ìã ïðîòå¿íó 

Øâèäê³ñòü óòèë³-
çàö³¿ Í

2
S, íìîëü 

S2-/õâ·ìã ïðîòå¿íó

Ò³îëàêòîí ãîìîöèñòå¿íó 200 ìã/êã 14 ä³á

1 Êîíòðîëü 4,47 ± 0,29 0,184 ± 0,012

2
ÃÃÖ 
(ï³äãîñòðà)

2,36 ± 0,20* 0,326 ± 0,028*

Ò³îëàêòîí ãîìîöèñòå¿íó 100 ìã/êã 28 ä³á

3 Êîíòðîëü 4,10 ± 0,29 0,187 ± 0,017

4
ÃÃÖ 
(òðèâàëà)

2,24 ± 0,39* 0,318 ± 0,014*

Ïðèì³òêà: * – ð < 0,05 â³äíîñíî â³äïîâ³äíîãî êîíòðîëþ (ì³æ ãðóïàìè 

1 òà 2; 3 òà 4); # – ð < 0,05 ì³æ ãðóïàìè 2 òà 4. 
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ÂÏËÈÂ ²ÇÎËÜÎÂÀÍÎ¯ Ã²ÏÅÐÃÎÌÎÖÈÑÒÅ¯ÍÅÌ²¯ ÍÀ ÑÈÑÒÅÌÓ Ã²ÄÐÎÃÅÍÑÓËÜÔ²ÄÓ Â ÃÎËÎÂÍÎÌÓ 

ÌÎÇÊÓ ÙÓÐ²Â 
Þð÷åíêî Ï. Î. 
Ðåçþìå. Äîñë³äæåíî âïëèâ ³çîëüîâàíî¿ ã³ïåðãîìîöèñòå¿íåì³¿ (ÃÃÖ) íà âì³ñò ã³äðîãåíñóëüô³äó (H

2
S), ïðî-

öåñè éîãî ñèíòåçó òà óòèë³çàö³¿ â ìîçêó äîðîñëèõ ùóð³â-ñàìö³â. Ââåäåííÿ ò³îëàêòîíó ãîìîöèñòå¿íó (200 ìã/
êã 14 ä³á òà 100 ìã/êã 28 ä³á â/øë) âèêëèêàëî äîñòîâ³ðíå çìåíøåííÿ (â 2,0-2,1 ðàçè) âì³ñòó H

2
S, çíèæåííÿ 

àêòèâíîñò³ H
2
S-ñèíòåçóþ÷èõ åíçèì³â, äèñáàëàíñ ó øëÿõàõ óòèë³çàö³¿ H

2
S. Ôîðìóâàííÿ äåô³öèòó H

2
S â ìîçêó 

ìîæå áóòè îäíèì ³ç ìåõàí³çì³â ðåàë³çàö³¿ íåéðîòîêñè÷íî¿ ä³¿ ÃÃÖ. 
Êëþ÷îâ³ ñëîâà: ãîìîöèñòå¿í, ã³äðîãåíñóëüô³ä, åíçèìè, ìåòàáîë³çì, ìîçîê. 
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ÂËÈßÍÈÅ ÈÇÎËÈÐÎÂÀÍÎÉ ÃÈÏÅÐÃÎÌÎÖÈÑÒÅÈÍÅÌÈÈ ÍÀ ÑÈÑÒÅÌÓ ÃÈÄÐÎÃÅÍÑÓËÜÔÈÄÀ Â 

ÃÎËÎÂÎÌ ÌÎÇÃÅ ÊÐÛÑ
Þð÷åíêî Ï. À. 
Ðåçþìå. Èññëåäîâàíî âëèÿíèå èçîëèðîâàííîé ãèïåðãîìîöèñòåèíåìèè (ÃÃÖ) íà ñîäåðæàíèå ãèäðîãåí 

ñóëüôèäà (H
2
S), ïðîöåññû åãî ñèíòåçà è óòèëèçàöèè â ìîçãå âçðîñëûõ êðûñ-ñàìöîâ. Ââåäåíèå òèîëàêòîíà 

ãîìîöèñòåèíà (200 ìã/êã 14 ñóòîê è 100 ìã/êã 28 ñóòîê èíòðàãàñòðàëüíî) âûçâàëî äîñòîâåðíîå óìåíüøåíèå 
(â 2,0-2,1 ðàçà) ñîäåðæàíèÿ H

2
S, ñíèæåíèå àêòèâíîñòè H

2
S-ñèíòåçèðóþùèõ ýíçèìîâ, äèñáàëàíñ â ïóòÿõ óòè-

ëèçàöèè H
2
S. Ôîðìèðîâàíèå äåôèöèòà H

2
S â ìîçãå ìîæåò áûòü îäíèì èç ìåõàíèçìîâ ðåàëèçàöèè íåéðî-

òîêñè÷åñêîãî ýôôåêòà ÃÃÖ. 
Êëþ÷åâûå ñëîâà: ãîìîöèñòåèí, ãèäðîãåí ñóëüôèä, ýíçèìû, ìåòàáîëèçì, ìîçã. 
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Effect of Isolated Hyperhomocysteinemia on Hydrogen Sulfide System in Rats’ Brain
Yurchenko P. Î. 
Abstract. Hyperhomocysteinemia (HHC) is associated with the development of neurovascular and neurode-

generative diseases. In the brain during homocysteine metabolism is formed a biologically active molecule of hy-
drogen sulfide (H

2
S), which served as a neurotransmitter, cytoproteñtor and antioxidant. Pyridoxal 5’-phosphate 

(PLP)-dependent enzymes such as cystathionine β-synthase (CBS) and cysteine aminotransferase (CAT) in as-
sociation with 3-mercaptopyruvate sulfur transferase (3-MST) synthesize H

2
S in the brain. It is possible that H

2
S 

synthesize in the brain from the thiosulfate anion. Degradation of H
2
S can be carried in no- enzyme and enzyme 

ways, one step of which is the oxidation of sulfite anion due to the action of the sulfite oxidase in mitochondria. The 
question concerning the features of the H

2
S metabolism in the brain with the HHC has not been estimated yet. The 

aim was to study the effect of isolated hyperhomocysteinemia (HHC) on hydrogen sulfide (H
2
S) concentration, ac-

tivity of its synthesis and utilization in the brain of adult rats. 
Methods. Isolated HHC was created in 56 white laboratory male rats by intragastrically administration of 

thiolañtone homocysteine 200 mg / kg for 14 days or 100 mg / kg for 28 days. H
2
S brain level and activity of 

cystathionine beta-synthase (CBS, EC 4.2.1.22), cysteine aminotransferase (CAT, EC 2.6.1.3) in association with 
3-mercaptopyruvate sulfur-transferase (3-MST, EC 2. 8.1.2), thiosulfate-dithiol sulfurtransferase (TST, EC 2.8.1.5) 
in brain were measured by reaction with N,N-dimethyl-p-phenylenediamine. Was estimated the activity of H

2
S utili-

zation (Patent ¹ 87884) and sulfite oxidase activity in rats brain. 
Results and discussion. Àdministration of the thiolacton homocysteine caused significant decrease H

2
S level, 

reducing the activity of H
2
S-synthesizing enzyme, reducing imbalance in the ways of H

2
S utilization in rats brain. H

2
S 
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content in the brain of 18 intact mature male rats was 3. 91 ± 0.13 (Me = 3.79; CI 95 % 3.30-4.84) μg / g wet tissue, 

which corresponded to 2.70 ± 0. 12 (Me = 2.55; CI 95 % 2.11-3.47) nmol / mg protein 2.70 ± 0.12 nmol/ mg protein. 

The same level of H
2
S was detected under the condition of physiological serum level of homocysteine (6.57 ± 0.23 

mmol/l). Administration of thiolactone homocysteine in dose 200 mg / kg (14 days) and 100 mg / kg (28 days) 

increased the level of homocysteine in 3.25 and 2. 54 times (p < 0.05). H
2
S level in the brain was decreased in 2,0-

2,1 times under the condition of the isolated HHC and the ratio H
2
S/ homocysteine was lower in 5,13-6,14 times 

(p < 0.05). H
2
S content in the rats’ brain with isolated HHC was Me = 1.77 (CI 95 % 1.02, 2.64) μg / g wet tissue, 

which corresponded to 1.28 (0.73; 2.18) nmol / mg protein. Activity of CBS, CAT / 3-MTS and TST was significant 

decrease (in 1.89, 1.45 and 1.71 times) under condition of 14-days long isolated HHC. Long-timed HHC caused 

less significant decrease in the enzymes activity (in 1,29-1,52 times). Homocysteine serum level correlated inversely 

with H
2
S content and CBS activity in the brain (r = -0.51; -0.71, p < 0.05). Utilization activity of H

2
S was significantly 

higher under conditions of the isolated HHC but sulfite oxidase activity was decreased in 1.83-1.90 times. 

Conclusions. Isolated HHC causes the deficiency of H
2
S in the brain, which associates with the decrease in H

2
S-

synthesizing enzyme catalytic activity and an imbalance in the ways of H
2
S utilization. H

2
S metabolic changes in the 

brain can be integrated in the pathogenesis of the neurodegenerative conditions, which are connected to the HHC. 

We propose that modulation of hydrogen sulfide production may be a useful therapeutic strategy of such disorders. 

Keywords: homocysteine, hydrogen sulfide, enzymes, metabolism, brain. 
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