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Ðåôåðàò
Ìåòà. Äîñë³äèòè â åêñïåðèìåíòàõ in vivo ðîëü ñ³ðêîâîäíþ
Í2S çà óìîâ ìîäåëþâàííÿ éîãî á³îñèíòåçó, à ñàìå âèêî-
ðèñòîâóþ÷è ³íã³á³òîð öèñòàò³îí³í-γ-ë³àçè (CSE), öèñ-
òàò³îí³í-β-ñèíòàçè (CBS) òà äîíîð ñèíòåçó ñ³ðêîâîäíþ
ã³äðî´åíñóëüô³ä íàòð³þ (NaHS) ó öèòîïðîòåêö³¿ òà ðå-
çèñòåíòíîñò³ ñëèçîâî¿ îáîëîíêè ñòðàâîõîäó (ÑÎÑ) ï³ä
÷àñ ³íäóêö³¿ ñòðåñ-àñîö³éîâàíèõ ïîøêîäæåíü ñòðàâî-
õîäó òà ìåäèêàìåíòí³é êîðåêö³¿ L-òðèïòîôàíîì.
Ìàòåð³àë ³ ìåòîäè. Íååðîç³éíèé åçîôà´³ò ìîäåëþâàëè
øëÿõîì 3,5 ãîäèííîãî âîäíî-³ìîá³ë³çàö³éíîãî ñòðåñó çà
Takagi, 1964 ó ùóð³â, ùî îòðèìóâàëè L-òðèïòîôàí 400
ì´/ê´ òà ïëàöåáî 1,0 ìë (0,9% ðîç÷èí NaCl), ³íã³á³òîðè
CSE, ïðîïàðã³ë´ë³öèí, PAG (25 ì´/ê´), CBS, êàðáîêñèìå-
òèë-ã³äðîêñèëàì³í ãåì³õëîðèä (ÑÍÍ, 3 ììîëü/ë), àáî äî-
íîð á³îñèíòåçó H2S, NaHS (100 ìëìîëü/ê´ ñòðóêòóð, çðîñ-
òàííÿ íàáðÿêó, ëåéêîöèòàðíî¿ ³íô³ëüòðàö³¿, çì³íþºòüñÿ
òîâùèí), çà 0,5 ãîä äî ³íäóêö³¿ ñòðåñó, òâàðèí âèâîäèëè
ç åêñïåðèìåíòó ï³ä àíåñòåç³ºþ êåòàì³íîì (60 ì´/ê´-1).
Äëÿ âèçíà÷åííÿ âàæêîñò³ åçîôà´³òó ã³ñòîìîðôîìåòðè÷-
íèì àíàë³çîì äîñë³äæóâàëè ³íäåêñè åï³òåë³àëüíî¿ ïëàñ-
òèíêè òà çì³í ï³äåï³òåë³àëüíèõ ñòðóêòóð íèæíüî¿ òðå-
òèíè ñòðàâîõîäó çà â³çóàëüíî-àíàëî´îâî¿ øêàëîþ (ÂÀØ).
Ðåçóëüòàòè é îáãîâîðåííÿ. Íå åðîç³éí³ ñòðåñ ³íäóêîâàí³
ïîøêîäæåííÿ õàðàêòåðèçóâàëèñÿ ï³äåï³òåë³àëüíèìè òà
åï³òåë³àëüíèìè çì³íàìè øëÿõîì çá³ëüøåííÿì ¿õ ³íäåêñ³â
çà ÂÀØ ïîð³âíÿíî äî êîíòðîëþ. Âñòàíîâëåíî, ùî çà áëî-
êàäè ñèíòåçó H2S çá³ëüøóºòüñÿ ïîøêîäæåííÿ ÑÎÑ øëÿ-
õîì âèðàçíîãî óðàæåííÿ ï³äåï³òåë³àëüíèõ à ÑÎÑ øëÿõîì
ïåðåðîçïîä³ëó òîâùèíè åï³òåë³àëüíî¿ ïëàñòèíêè òà ï³ä-
åï³òåë³àëüíèõ ñòðóêòóð, ôîêàëüíèõ çì³í ó ì'ÿçîâ³é îáî-
ëîíö³ ïîð³âíÿíî äî ãðóïè êîíòðîëþ. Ïîêàçàíî, ùî âåäåííÿ
L-òðèïòîôàíó ðåàë³çóâàëîñü øëÿõîì öèòîïðîòåêòîð-
íèõ òà âàçîòðîïíèõ åôåêò³â. Äîíîð ñ³ðêîâîäíþ ñïðè÷è-
íèâ çìåíøåííÿ ñóáåï³òåë³àëüíèõ ïîøêîäæåíü, ëåéêîöè-
òàðíó ³íô³ëüòðàö³þ, âêàçóþ÷è íà çìåíøåííÿ ïðîíèêëè-
âîñò³ ñóäèí òà çàïàëåííÿ.
Âèñíîâêè. Ïîêàçàíî ïðè÷åòí³ñòü åíäî´åííîãî H2S äî çà-
õèñíèõ ðåàêö³é ó åçîôà´îïðîòåêö³¿ øëÿõîì çìåíøåííÿ
ï³äåï³òåë³àëüíèõ ïîøêîäæåíü òà ïðîíèêëèâîñò³ ñóäèí.
L-Òðèïòîôàí çàïîá³ãàâ ðîçâèòêó ñòðåñ-àñîö³éîâàíîãî
åçîôà´³òó. Òàêèì ÷èíîì, ðåçóëüòàòè äîñë³äæåííÿ º âàæ-
ëèâèì ñâ³ä÷åííÿì ïðî íîâèé ìåõàí³çì ó åçîôà´îïðîòåêö³¿
òà ôóíêö³îíóâàíí³ íèæíüîãî ñòðàâîõ³äíîãî ñô³íêòåðà.
Êëþ÷îâ³ ñëîâà: öèòîïðîòåêö³ÿ, ñ³ðêîâîäåíü (H2S), åêñ-
ïåðèìåíòàëüíà ìîäåëü åçîôà´³òó, ñòðàâîõ³ä, çàïàëåííÿ,
ïðîíèêëèâ³ñòü ñóäèí, L-òðèïòîôàí
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Abstract
THE ROLE OF HYDROGEN SULFIDE IN
CYTOPROTECTION IN EXPERIMENTAL
ESOPHAGITIS AND L-TRYPTOPHAN
TREATMENT

N.R. HRYCEVYCH, O.S. ZAYACHKIVSKA,
A.M. YASHCHENKO
The Danylo Halytsky National Medical University in Lviv

Aim. To determine the protective role of endogenous
hydrogen sulfide (H2S) in vivo in rat esophageal mucosal
(EM) lesions related to stress-associated injury.
Methods. Rats pre-treated for 7 days with L-tryptophan (400
mg/kg) with and without 3.5-h water immersion and
restraint stress received i.p. injections of vehicle (1.0 mL
0.9% saline), cystathionine γ-lyase inhibitor, DL-
propargylglycine, PAG (25 mg/kg), cystathionine β-
synthetase inhibitor, O-carboxymethyl-hydroxylamine
hemihydrochloride CHH (3 mmol/L), or H2S donor NaHS
(100 mmol/kg) at 0.5 h prior to stress, after animals were
anaesthetized with ketamine (60 mg/kg). The epithelial
lesion index and the subepithelial structural index were
assayed by histomorphometric analysis in the lower third of
the esophagus, and the severity of esophagitis was calculated
using a visual analogue scale (VAS).
Results. Stress induced non-erosive injury characterized by
esophageal subepithelial and epithelial lesions evaluated
by elevated lesions and vascular indices using the VAS
showed mild leukocyte infiltration compared to controls.
Pretreatment with blocking synthesis of H2S enhanced
esophageal lesions, increasing subepithelial injury with
extensive edema of the mucosal layer and infiltration by
inflammatory cells, with changes in width of the epithelial
layer and the subepithelial component of EM and focal
destruction of the muscular layer in rats compared to
controls. Administration of L-tryptophan had a significant
cytoprotective and vasotropic effect on EM in rats with
induced esophagitis than in animals not given L-tryptophan.
NaHS pretreatment attenuated lesions of the subepithelial
component of EM and decreased leukocyte infiltration,
indicating decreased vascular permeability and
inflammation.
Conclusions. These results indicate that endogenous H2S
plays a role in esophagoprotection, markedly improving
subepithelial injury and reducing vascular permeability in
EM. Inhibition of increased vascular permeability by L-
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tryptophan prevented the development of stress-associated
esophagitis. These findings have important implications for
a new mechanism in esophagoprotection and lower
oesophageal sphincter functioning.
Keywords: cytoprotection, hydrogen sulfide (H2S), animal
model of esophagitis, esophagus, inflammation, vascular
permeability, L-tryptophan

Âñòóï
¥àñòðîåçîôà´àëüíà ðåôëþêñíà õâîðîáà - õðîí³÷-
íå ́ àñòðîåíòåðîëî´³÷íå çàõâîðþâàííÿ, ùî çà ïî-
øèðåí³ñòþ ïåðåâèùóº ïåïòè÷íó âèðàçêó òà ÷àñòî
³ç íåâ³äîìèõ ïðè÷èí ïðèçâîäèòü äî ðîçâèòêó
êàðöèíîì [2, 10]. Íàøèìè ïîïåðåäí³ìè äàíèìè
âñòàíîâëåíî, ùî â óëüöåðî´åíåç³ ñëèçîâî¿ îáî-
ëîíêè ñòðàâîõîäó (ÑÎÑ) âàæëèâó ðîëü â³ä³ãðà-
þòü ÷èñëåíí³ ïðîçàïàëüí³ ÷èííèêè [3, 10, 15], à
ïðîöåñ ãîºííÿ ïîøêîäæåíü ó ÑÎÑ çóìîâëåíèé
êë³òèííèìè òà ìîëåêóëÿðíèìè ìåõàí³çìàìè, ïî-
â'ÿçàíèìè ³ç ï³äåï³òåë³àëüíèì êîìïîíåíòîì
áàð'ºðíî¿ ôóíêö³¿ ñòðàâîõîäó. Çì³íà ïðîíèêëèâîñ-
ò³ ñóäèí ÑÎÑ ñïðè÷èíÿº äèñôóíêö³þ åï³òåë³àëü-
íîãî áàð'ºðó çà óìîâ ìîäåëþâàííÿ ÿê òîï³÷íèõ
óðàæåíü êèñëîòíî-ïåïñèíîâîãî òà àëêàë³÷íî-á³-
ë³àðíîãî, òàê ³ ñòðåñ-³íäóêîâàíîãî ́ åíåçó [5, 14].
Íåçâàæàþ÷è íà çíà÷íèé ïðî´ðåñ ó òðàêòóâàíí³
âàçîàêòèâíèõ ÷èííèê³â öèòîïðîòåêö³¿, îñîáëèâà
ðîëü íàëåæèòü åíäî´åííèì ´àçîòðàíñì³òåðàì:
îêñèäó àçîòó, ìîíîîêñèäó âóãëåöþ, ñ³ðêîâîäíþ
(ã³äðî´åí ñóëüô³äó, Í2S), ÿê³ ëåãêî äèôóíäóþòü ÷å-
ðåç ìåìáðàíè ó êë³òèíè òà çì³íþþòü ¿õí³ ôóíêö³¿.
Îñîáëèâó óâàãó ïðèâåðòàº Í2S, á³îñèíòåç ÿêîãî
çàëåæèòü â³ä àêòèâíîñò³ öèñòàò³îí³í-γ-ë³àçè (â³ä
àíãë.: cystathionine γ-lyase, CSE), öèñòàò³îí³í-β-
ñèíòàçè (â³ä àíãë.: cystathionine β-synthetase, CBS),
³  áåðå ó÷àñòü ó ðåãóëþâàíí³ ñóäèííîãî òîíóñó,
ïåðåäà÷³ íåðâîâèõ ³ìïóëüñ³â òà ñåêðåö³¿ ³íñóë³íó
[6, 8]. Â³äîìî, ùî Í2S º êëþ÷îâîþ ñèãíàëüíîþ
ìîëåêóëîþ ïëåéîòðîïíèõ ìåõàí³çì³â, ùî êîíò-
ðîëþþòü ëåéêîöèòíî-åíäîòåë³àëüíó àä´åç³þ, çà-
ïàëüí³ ðåàêö³¿, àïîïòîç, à òàêîæ ðåïàðàö³þ çà ðà-
õóíîê çì³íè åêñïðåñ³¿ öèêëîîêñè´åíàçè ²² [9]. Âè-
ÿâëåíî éîãî ô³ç³îëî´³÷íó ðîëü ó íîö³öåïö³¿, ñåê-
ðåòîðí³é òà ìîòîðíî-åâàêóàòîðí³é ôóíêö³ÿõ òðàâ-
íî¿ ñèñòåìè [1, 7]. Ïðîòå ðîëü H2S ó åçîôà´îöè-
òîïðîòåêö³¿ íå ç'ÿñîâàíà. Â îñòàíí³ ðîêè áóëî äî-
âåäåíî ïðè÷åòí³ñòü ïîðóøåíü ôóíêö³îíóâàííÿ L-
òðèïòîôàí-ñåðîòîí³í-ìåëàòîí³íîâî¿ ñèñòåìè ó
ðåãóëþâàíí³ ô³ç³îëî´³÷íèõ ôóíêö³é â îð´àí³çì³.
Íàìè áóëî âñòàíîâëåíî ðîëü ìåëàòîí³íó ó çàáåç-

ïå÷åíí³ áàð'ºðíî¿ ôóíêö³¿ ñòðàâîõîäó òà îá´ðóí-
òîâàíî ðàö³îíàëüí³ñòü ¿¿ òåðàïåâòè÷íîãî ïîòåí-
ö³àëó äëÿ åçîôà´îïðîòåêö³¿ [5]. Ñåðåä ì³øåíåé ä³¿
ö³º¿ ñèñòåìè îñîáëèâå ì³ñöå çàéìàº ìîäóëÿòîð-
íèé êîíòðîëü ðåäîêñ ñòàòóñó, ïðîòèçàïàëüíà ä³ÿ
òà âàçîòðîïíà ä³ÿ, ïðîòå åôåêò ¿¿ äîíîðà L-òðèï-
òîôàíó íà ÑÎÑ íà òë³ çì³í òðàíññóëüôóâàííÿ çà-
ëèøàºòüñÿ íåâ³äîìèì. ²íñòðóìåíòîì äîñë³äæåíü
ðîë³ ́ àçîòðàíñì³òåð³â çã³äíî ñó÷àñíî¿ ìåòîäîëî´³¿
º áëîêàäà åíçèì³â (äëÿ Í2S - CSE i CBS), â³ä ÿêèõ
çàëåæèòü ¿õ ñèíòåç, àáî äîäàòêîâå ââåäåííÿ â³ä-
ïîâ³äíîãî äîíîðà (äëÿ Í2S - NaHS), ùî çá³ëüøóº
ïðîäóêö³þ ´àçîòðàíñì³òåðà [6, 8]. Òîìó íàøîþ
ìåòîþ áóëî âèâ÷èòè ðîëü Í2S ó åçîôà´îöèòîïðî-
òåêö³¿ çà ðàõóíîê ìîäåëþâàííÿ éîãî á³îñèíòåçó,
à ñàìå çà óìîâ âèêîðèñòàííÿ ³íã³á³òîðà CSE, DL-
ïðîïàðã³ë´ë³öèí (â³ä àíãë.: propargylglycine, PAG),
³íã³á³òîðà CBS, O-êàðáîêñèìåòèë-ã³äðîêñèëàì³í
ãåì³õëîðèä, (â³ä àíãë., O-carboxymethyl-
hydroxylamine hemihydrochloride, ÑÍÍ); òà äîíîðà
ñèíòåçó ñ³ðêîâîäíþ - åêçî´åííîãî ã³äðîñóëüô³äó
íàòð³þ (NaHS) òà ìåäèêàìåíòí³é êîðåêö³¿ L-
òðèïòîôàíîì.

Ìàòåð³àë ³ ìåòîäè
Ïîäâ³éí³, ðàíäîì³çîâàí³ ìîðôî-ôóíêö³îíàëüí³ äî-
ñë³äæåííÿ ñëèçîâî¿ îáîëîíêè íèæíüî¿ òðåòèíè
ñòðàâîõîäó ïðîâîäèëè íà íåë³í³éíèõ ùóðàõ-ñàì-
öÿõ (n=70) ìàñîþ 170-200 ́ , çã³äíî ç ïðèéíÿòèìè
ì³æíàðîäíèìè åòè÷íèìè ïðèíöèïàìè ðîáîòè
äî "Ïðàâèë ïðîâåäåííÿ ðîá³ò ç âèêîðèñòàííÿì
ëàáîðàòîðíèõ òâàðèí" (2007) òà â³äïîâ³äíî äî
ïîëîæåíü "ªâðîïåéñüêî¿ êîíâåíö³¿ ïðî çàõèñò
õðåáåòíèõ òâàðèí, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ åêñ-
ïåðèìåíò³â òà ³íøèõ íàóêîâèõ ö³ëåé" (Ñòðàñáóðã,
1985) òà ïëàíó êîìïëåêñíî¿ íàóêîâî-äîñë³äíî¿ ðî-
áîòè êàôåäðè íîðìàëüíî¿ ô³ç³îëî´³¿ ËÍÌÓ çà òå-
ìîþ: "Äîñë³äæåííÿ ôóíêö³îíàëüíî-ìåòàáîë³÷íèõ
ðåçåðâ³â ñòðåñ-ë³ì³òóþ÷èõ ñèñòåì îð´àí³çìó çà
åêñòðåìàëüíèõ óìîâ ç ìåòîþ âèÿâëåííÿ åôåêòèâ-
íèõ çàñîá³â êîðåêö³¿" (2011-2015 ðð., ¹ äåðæàâíî¿
ðåºñòðàö³¿ 0111U000121 ²Í 25.01.0001.11). Òâà-
ðèí ðîçä³ëèëè íà ãðóïó êîíòðîëþ (³íòàêòí³) òà
ò³, ÿê³ íå îòðèìóâàëè àáî îòðèìóâàëè ç ¿æåþ L-
òðèïòîôàí (L-Try) ó äîç³ 400 ì´/ê´ ìàñè (â-âî
"Sigma", USA) âïðîäîâæ 7 äí³â. Äëÿ ³íäóêö³¿ óðà-
æåíü ÑÎÑ ùóðàì ³íäóêóâàëè âîäíî-³ìîá³ë³çàö³é-
íèé ñòðåñ (Â²Ñ, ìîäåëü Takagi, 1964), ç ïîïåðåä-
íüîþ 12 ãîä äåïðèâàö³ºþ â³ä ¿æ³ òà â³ëüíèì äîñ-
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òóïîì äî âîäè. Äëÿ ìîäåëþâàííÿ çì³íè öèòî-
ïðîòåêö³¿ øëÿõîì ìîäèô³êàö³¿ àêòèâíîñò³ òðàíñ-
ñóëüôóâàííÿ çàñòîñîâóâàëè ââåäåííÿ ô³çðîç÷èíó
(1,0 ìë 0,9 % ðîç÷èíó NaCl) âíóòð³øíüîî÷åðå-
âèííî (â.î.); PAG ó äîç³ 3 ììîëü/ë, â.î.;  CHH, 3
ììîëü/ë, â.î.; òà äîíîð ñèíòåçó H2S( NaHS )ó äîç³
100 ìëìîëü/ê´, (óñ³ ïðåïàðàòè â-âî "Antibe
Therapeutics", Ñanada). Äëÿ âèâåäåííÿ òâàðèí ç åêñ-
ïåðèìåíòó çàñòîñîâóâàëè êåòàì³í ó äîç³ 25 ìë/ê´,
â.î. Äëÿ ìîðôî-ôóíêö³îíàëüíîãî àíàë³çó ã³ñòîëî-
´³÷íèé ìàòåð³àë íèæíüî¿ òðåòèíè ñòðàâîõîäó òà
ì³ñöÿ ïåðåõîäó ñòðàâîõîäó â øëóíîê ô³êñóâàëè ó
4% íåéòðàëüíîìó ôîðìàë³í³, ñåð³éí³ ã³ñòîëî´³÷í³
çð³çè òîâùèíîþ 5 ìêì ôàðáóâàëè ãåìàòîêñèë³íîì
³ åîçèíîì (ÃÅ) òà çä³éñíþâàëè â³çóàë³çàö³þ ç âè-
êîðèñòàííÿì ì³êðîñêîïà Swift Instruments
International, Japan, ³ öèôðîâî¿ â³äåîêàìåðè Echoo-
Imager 5020200 Microscope Digital Eyepiece, China.
Ñòàí áàð'ºðíî¿ ôóíêö³¿ ñòðàâîõîäó îö³íþâàëè çà
ìîðôî-ôóíêö³îíàëüíèì àíàë³çîì â³äïîâ³äíî äî
â³çóàëüíî-àíàëî´îâî¿ øêàëè (ÂÀØ) ç óðàõóâàí-
íÿì íàñòóïíèõ ê³ëüê³ñíî-ÿê³ñíèõ êðèòåð³¿â: 1) ñòàí
åï³òåë³àëüíî¿  ïëàñòèíêè çà ³íäåêñîì àëüòåðàö³¿
(²ÅÂ): 0 - çì³íè â³äñóòí³, 1 - ðîçøàðóâàííÿ ðîãî-
âîãî øàðó, 2 - âîãíèùåâà áàçîô³ë³¿ ìàñ êåðàòèíó,
3 - äåñêâàìàö³ÿ ðîãîâèõ ìàñ, âàêóîë³çàö³ÿ êë³òèí
áàçàëüíîãî øàðó, âåçèêóëÿðí³ ÿäðà; 2) ñòàí ï³ä-
åï³òåë³àëüíèõ ñòðóêòóð çà ³íäåêñîì ¿õí³õ çì³í
(²ÏÑ): 0 - â³äñóòí³ çì³íè, 1 - äèôóçíèé íàáðÿê ï³ä-
ñëèçîâî¿, 2 - âèðàæåíèé íåð³âíîì³ðíèé íàáðÿê
ï³äñëèçîâî¿ îñíîâè òà íåçíà÷íà ³íô³ëüòðàö³ÿ, 3 -
âèðàæåíèé íàáðÿê òà äåçîð´àí³çàö³ÿ ï³äñëèçîâî¿,
ïåðèâàñêóëÿðí³ àáî ñóáåï³òåë³àëüí³ ³íô³ëüòðàòè,
ïåðèâàñêóëÿðí³ êðîâîâèëèâè; 3) ñòàí ì'ÿçîâî¿
îáîëîíêè çà ïðîÿâàìè íåêðîçó: 0 - â³äñóòí³é, 1 -
êàð³îðåêñèñ, êàð³îï³êïîç, 2 - ôîêàëüíèé íåêðîç;
3 - ´åíåðàë³çîâàíèé íåêðîç. Ñòóï³íü çì³í åï³òå-
ë³àëüíî¿ ïëàñòèíêè òà ï³äåï³òåë³àëüíèõ ñòðóêòóð
ÑÎÑ ó ïðåïàðàòàõ îö³íþâàëè ìîôðîìåòðè÷íèì
àíàë³çîì ó â³äíîñíèõ îäèíèöÿõ (ÂÎ) çã³äíî ñòàí-
äàðòíî¿ øêàëè çà äîïîìîãîþ ïðî´ðàìíîãî çàáåç-
ïå÷åííÿ UTHSCSA "Image Tool for Windows.
Version 2.00" (ÑØÀ). Ñòóï³íü óðàæåííÿ ÑÎÑ îá-
ðàõîâóâàëè íàñòóïíèì ÷èíîì: òîâùèíà ä³ëÿíêè
óøêîäæåíü åï³òåë³àëüíîãî êîìïîíåíòó òà ï³äåï³-
òåë³àëüíèõ ñòðóêòóð (ó â³äíîñíèõ îäèíèöÿõ)/òîâ-
ùèíè åï³òåë³àëüíîãî áàð'ºðó õ 100%.

Ñòàòèñòè÷íèé àíàë³ç îòðèìàíèõ ðåçóëü-
òàò³â ïðîâåäåíî çà äîïîìîãîþ ïðî´ðàìè

"Stastistica 5,5" (CØÀ) ç îá÷èñëåííÿì ñåðåäíüî-
àðèôìåòè÷íîãî ³ ñòàíäàðòíîãî â³äõèëåíü òà ïî-
õèáêè ñåðåäíüîãî, ïîð³âíÿííÿ ñåðåäí³õ çíà÷åíü
äâîõ âèá³ðîê çà äîïîìîãîþ t-êðèòåð³þ, ð<0,05
ââàæàëè ñòàòèñòè÷íî â³ðîã³äíèìè.

Ðåçóëüòàòè é îáãîâîðåííÿ
Îçíàêè ïîøêîäæåííÿ ÑÎÑ ó òâàðèí êîíòðîëüíî¿
ãðóïè áóëè â³äñóòí³ (ðèñ. 1), òîâùèíà åï³òåë³àëü-
íî¿ ïëàñòèíêè ñêëàëà 68,82±1,09 ÂÎ, ï³äåï³òåë³-
àëüíèõ ñòðóêòóð - 57,95±1,55 ÂÎ, ³íäóêö³ÿ ñòðåñó
ó òâàðèí ³ç çàñòîñóâàííÿ CHH ïðèçâåëà äî çíèê-
íåííÿ ïàï³ëÿðíîãî ðèñóíêà ÑÎÑ, ²ÅÂ ìàâ äâî-
áàëüí³ ïîøêîäæåííÿ, ñóäèíè ì³êðîöèðêóëÿòîð-
íîãî ðóñëà ó ï³äñëèçîâ³é îñíîâ³ çàïîâíåí³ à´ðå-
´àòàìè åðèòðîöèò³â, ì'ÿçîâà îáîëîíêà ìàëà îä-
íîáàëüí³ îçíàêè äåñòðóêòèâíîãî õàðàêòåðó çà
ÂÀØ (ðèñ. 2), òîä³ ÿê ä³ÿ PAG ³í³ö³þâàëà âèðàçíèé
íàáðÿê ï³äñëèçîâî¿ îñíîâè, ïåðèâàñêóëÿðí³ àáî
ñóáåï³òåë³àëüí³ ³íô³ëüòðàòè, ïåðèâàñêóëÿðí³ êðî-
âîâèëèâè (òîâùèíà ñêëàëà 86,55±2,99 ÂÎ), ùî
ðåàë³çóâàëîñü ó çá³ëüøåíí³ ²ÏÑ äî 3-õ áàëüíèõ
ïîøêîäæåíü ³ ñâ³ä÷èòü ïðî ñóòòºâ³ çì³íè ïðîíèê-
ëèâîñò³ ñóäèí, ³íô³ëüòðàö³þ ëåéêîöèòàìè (ðèñ.
3). Ïðîñòåæåíî çâóæåííÿ ïðîñâ³òó ñòðàâîõîäó çà

Ðèñ. 1
Ñëèçîâà îáîëîíêà ñòðàâîõîäó ó íîðì³ (êîíòðîëüíà

ãðóïà), ³ç âèðàçíèì ñòðóêòóðóâàííÿì íà åï³òåë³àëüíó,
âëàñíó ïëàñòèíêè òà ì'ÿçîâó ïëàñòèíêó, ï³äñëèçîâó
îñíîâó. Äî ï³äåï³òåë³àëüíèõ ñòðóêòóð ñòðàâîõîäó
â³äíîñèëè âëàñíó ïëàñòèíêó, ñôîðìîâàíó ïóõêîþ

ñïîëó÷íîþ òêàíèíîþ ³ç âåëèêîþ ê³ëüê³ñòþ êë³òèííèõ
åëåìåíò³â, ñåðåä ÿêèõ ïåðåâàæàþòü êë³òèíè

ô³áðîáëàñòè÷íîãî ðÿäó, ì'ÿçîâó ïëàñòèíêó, óòâîðåíó
ãëàäêèìè ì³îöèòàìè òà ï³äñëèçîâó îñíîâó óòâîðåíó

ïóõêîþ ñïîëó÷íîþ òêàíèíîþ ³ç ñóäèíàìè
ì³êðîöèðêóëÿö³éíîãî ðóñëà. Çàáàðâëåííÿ
ãåìàòîêñèë³íîì åîçèíîì, îá'ºêòèâ õ20
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ðàõóíîê íàáðÿêó ï³äñëèçîâî¿ îñíîâè òà çàïîâ-
íåííÿ éîãî äåñêâàìîâàíèìè åëåìåíòàìè ïî-
âåðõíåâîãî øàðó, ùî â ë³òåðàòóð³ îïèñóºòüñÿ ÿê
âèðàçí³ ïðååðîç³éí³ çì³íè ÑÎÑ ³ òðàêòóþòüñÿ ÿê
îçíàêè åçîôà´³òó [2]. Íà òë³ áëîêàäè ñèíòåçó Í2S
òàêîæ áóëî âèÿâëåíî äåñòðóêòèâí³ äâîáàëüí³ çì³-
íè ì'ÿçîâî¿ îáîëîíêè çà ÂÀØ, îñîáëèâî, çîâí³ø-
íüîãî øàðó (ðèñ. 4) ïîð³âíÿíî äî êîíòðîëþ, ÿê³
³í³ö³þþòü çì³íè ìîòîðèêè íèæíüîãî ñòðàâîõ³ä-
íîãî ñô³íêòåðà òà çá³ëüøåííÿ åêñïîçèö³¿ ÑÎÑ äî
øëóíêîâîãî âì³ñòó. Ââåäåííÿ NaHS õàðàêòåðè-
çóâàëîñü ïîì³ðíèì ïàï³ëÿðíèì ðèñóíêîì, â³äñóò-
í³ñòþ äåñêâàìàö³é ó ïðîñâ³ò³, ïîâåðõíåâèé øàð
åï³òåë³þ ïîñèëåíî êåðàòèí³çîâàíèé, òîâùèíà
åï³òåë³àëüíî¿ ïëàñòèíêè ñêëàëà 92,53±5,36 ÂÎ,

ó ï³äñëèçîâ³é îñíîâ³ îçíàê íàáðÿêó ïîì³ðí³, ²ÏÑ
áóâ îäíîáàëüíèì çà ÂÀØ, â³äñóòí³ îçíàêè óðà-
æåííÿ ì'ÿçîâî¿ ïëàñòèíêè ïîð³âíÿíî äî äîñë³ä-
íèõ ãðóï ç áëîêàäîþ àêòèâíîñò³ H2S, ùî ñâ³ä÷èòü
ïðî åçîôà´îïðîòåêòîðíó ä³þ òà àäàïòèâíî-êîì-
ïåíñàòîðí³ îçíàêè ïîñèëåííÿ áàð'ºðíî¿ ôóíêö³¿
ñòðàâîõîäó (ðèñ. 5).

Âèêîðèñòàííÿ L-Try çàäîêóìåíòóâàëî çà-
ãàëüíó òåíäåíö³þ äî çìåíøåííÿ ãåìîðà´³÷íèõ îç-
íàê, äåçîð´àí³çàö³¿ ïóõêî¿ ñïîëó÷íî¿ òêàíèíè, äëÿ
²ÏÑ òà ²ÅÂ áóëè õàðàêòåðí³ îäíîáàëüí³ ïîøêî-
äæåííÿ (ðèñ. 6), äåñòðóêòèâíèõ çì³í ïîâåðõíå-
âîãî åï³òåë³àëüíîãî øàðó òà äåñêâàìàö³¿ ðîãîâîãî
øàðó íå ïðîñòåæåíî (ðèñ. 7). Âèÿâëåíî, ùî L-
Try ³íäóêóº çá³ëüøåííÿ òîâùèíè ï³äåï³òåë³àëüíî-
ãî êîìïîíåíòó ÑÎÑ, ïðè÷îìó òàê³ òîâùèíè áóëè
ó äâ³÷³ ìåíøèìè ó ãðóï³ òâàðèí, ÿêèì ââîäèëè
PAG, í³æ ÑÍÍ: 87,18±3,42 versus 196,28±6,82
(p<0,05). Äèíàì³êà çì³í òîâùèíè êîìïîíåíò³â åï³-
òåë³àëüíîãî áàð'ºðó ÑÎÑ ïðåäñòàâëåíà íà ðèñ.8.

Ïîºäíàííÿ ä³¿ NaHS i L-Try ïðèçâåëî, ùî
çì³íè òîâùèíè åï³òåë³àëüíî¿ ïëàñòèíêè
50,54±2,44 ÂÎ (p<0,05), ï³äñëèçîâèõ ñòðóêòóð -
56,04±0,98 ÂÎ, òàêîæ ó ï³äñëèçîâ³é îñíîâ³ ÑÎÑ
âèÿâëåíî áàãàòî ñóäèí ì³êðîöèðêóëÿòîðíîãî ðóñ-
ëà, ùî ìè ðîçö³íþºìî ÿê âàçîòðîïíèé åôåêò äà-
íèõ çàñîá³â (ðèñ. 9). Ó ì'ÿçîâ³é îáîëîíö³ íà òë³
â³äñóòíîñò³ îçíàê ¿¿ äåñòðóêö³¿ òàêîæ çàäîêóìåí-
òîâàíî çá³ëüøåííÿ ê³ëüêîñò³ ñóäèí, ùî ï³äòâåð-
äæóºòüñÿ äàíèìè ë³òåðàòóðè ïðî ó÷àñòü Í2S â
³øåì³÷íîìó ïðåêîíäèö³îíóâàíí³ òà çàëó÷åííÿ ³í-
øèõ âàçîäèëÿòàòîðíèõ ́ àçîòðàíñì³òåð³â [7-9].

Ðèñ. 2
Îçíàêè íååðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó çà

óìîâ ä³¿ ³íã³á³òîðà öèñòàò³îí³í-β-ñèíòàçè.
Çàáàðâëåííÿ ãåìàòîêñèë³íîì åîçèíîì, îá'ºêòèâ õ8

Ðèñ. 3
Îçíàêè íååðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó çà

óìîâ ä³¿ ³íã³á³òîðà öèñòàò³îí³í-γ-ë³àçè. Çàáàðâëåííÿ
ãåìàòîêñèë³íîì åîçèíîì, îá'ºêòèâ õ20

Ðèñ. 4
Ä³ÿ ïðîïàðã³ë´ë³öèíó íà ì'ÿçîâó îáîëîíêó íèæíüî¿
÷àñòèíè ñòðàâîõîäó çà óìîâ ñòðåñ-³íäóêîâàíîãî
åçîôà´³òó. Çàáàðâëåííÿ ãåìàòîêñèë³íîì åîçèíîì,

îá'ºêòèâ õ20
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Îòðèìàí³ äàí³ âêàçóþòü íà âàæëèâ³ñòü
ôóíêö³îíóâàííÿ ́ àçîòðàíñì³òòåðà H2S ó çàáåçïå÷åí-
í³ ôóíêö³îíóâàííÿ åíäîòåë³þ òà ïðîíèêëèâîñò³
ñóäèí ÑÎÑ, îñê³ëüêè çì³íà êàòàë³òè÷íî¿ àêòèâíîñò³
ãîëîâíèõ åíçèì³â éîãî á³îñèíòåçó ïðèçâîäèòü äî

ñòðóêòóðíî-ôóíêö³îíàëüíî¿ äåçîð´àí³çàö³¿
ï³äåï³òåë³àëüíèõ ñòðóêòóð, ùî ñïðè÷èíÿº îçíàêè
óðàæåííÿ ì'ÿçîâî¿ îáîëîíêè, çàïàëåííÿ òà
ãåìîðà´³÷í³ çì³íè ó åï³òåë³àëüíîìó áàð'ºð³ ñòðà-
âîõîäó. Íàòîì³ñòü âïëèâ äîíîðà ñèíòåçó H2S ïðè-
çâîäèòü äî îïòèìàëüíîãî êðîâîïîñòà÷àííÿ ÑÎÑ
òà çáåðåæåííÿ ö³ë³ñíîñò³ áàð'ºðíî¿ ôóíêö³¿ ñòðà-
âîõîäó, à ä³ÿ L-òðèïòîôàíó òà H2S í³âåëþº ñòðåñ-
àñîö³éîâàíèé öèòîäåñòðóêòèâíèé âïëèâ íà ÑÎÑ,
âêàçóþ÷è íà ¿õí³ ïîòåíö³éí³ çàõèñí³ âëàñòèâîñò³.

Ðèñ. 5
Ä³ÿ äîíîðà ñ³ðêîâîäíþ íà ñëèçîâó îáîëîíêó ñòðàâîõîäó
çà óìîâ íå åðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó.

Çàáàðâëåííÿ ãåìàòîêñèë³íîì åîçèíîì, îá'ºêòèâ õ20

Ðèñ. 6
Ä³ÿ òðèïòîôàíó íà ñëèçîâó îáîëîíêó ñòðàâîõîäó çà

óìîâ íååðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó íà
òë³ ââåäåííÿ ïðîïàðã³ë´ë³öèíó. Çàáàðâëåííÿ

ãåìàòîêñèë³íîì åîçèíîì, îá'ºêòèâ õ8

Ðèñ. 7
Ä³ÿ òðèïòîôàíó íà ñëèçîâó îáîëîíêó ñòðàâîõîäó çà

óìîâ íååðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó íà
òë³ ââåäåííÿ êàðáîêñèìåòèë-ã³äðîêñèëàì³í

ãåì³õëîðèäó. Çàáàðâëåííÿ ãåìàòîêñèë³íîì åîçèíîì,
îá'ºêòèâ õ20

0

50

100

150

200

250

ко
нт
ро
ль

 
СН
Н

СН
Н+L-T

ry
PAG

PAG+L-Try
NaHS

NaH
S+L-T

ry

то
вщ

ин
а 
ст
ру

кт
ур
ни

х 
ко
м
по

не
нт
ів

сл
из
ов

ої
 о
бо

ло
нк
и 
ст
ра

во
хо

ду

Епітеліальна пластинка Підепітеліальні структури

Ðèñ. 8
Ïîð³âíÿííÿ ä³¿ äîíîðà á³îñèíòåçó ñ³ðêîâîäíþ NaHS òà
³íã³á³òîð³â öèñòàò³îí³í-β-ñèíòàçè (êàðáîêñèìåòèë-
ã³äðîêñèëàì³í ãåì³õëîðèäó, ÑÍÍ) òà öèñòàò³îí³í-γ-
ë³àçè (ä³ÿ ïðîïàðã³ë´ë³öèíó, PAG) íà çì³íè òîâùèíè

ñòðóêòóðíèõ êîìïîíåíò³â ñëèçîâî¿ îáîëîíêè
ñòðàâîõîäó çà óìîâ íååðîç³éíîãî ñòðåñ-àñîö³éîâàíîãî
åçîôà´³òó òà âïëèâó L-òðèïòîôàíó. *Ð<0,05 ïîð³âíÿíî

äî ãðóïè êîíòðîëþ
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Âèñíîâêè
1. Åíäî´åííî óòâîðåíèé ñ³ðêîâîäåíü âèêîíóº
âàæëèâó ô³ç³îëî´³÷íó ðîëü ó çàáåçïå÷åíí³ öèòî-
ïðîòåêö³¿ ñëèçîâî¿ îáîëîíêè ñòðàâîõîäó ³ º êîì-
ïîíåíòîì ¿¿ ëîêàëüíî¿ ñòðåñ-ë³ì³òóþ÷î¿ ñèñòåìè.
2. Ðåçóëüòàòàìè ìîðôîëî´³÷íèõ òà ìîðôîìåòðè÷-
íèõ äîñë³äæåíü ñëèçîâî¿ îáîëîíêè íèæíüîãî â³ä-
ä³ëó ñòðàâîõîäó äîâåäåíî, ùî ìåõàí³çì ä³¿ ́ àçî-
òðàíñì³òåðà H2S ïîëÿãàº ó çìåíøåíí³ ïðîíèêëè-
âîñò³ ñóäèí òà çàïàëåííÿ, âèêëèêàþ÷è çìåíøåí-
íÿ îçíàê ñòðåñ-àñîö³éîâàíîãî åçîôà´³òó òà äèñ-
ìîòîðèêè íèæíüîãî ñô³íêòåðà ñòðàâîõîäó.
3. Åçîôà´îïðîòåêòîðíèé åôåêò L-òðèïòîôàíó òà
ñ³ðêîâîäíþ ìîæå áóòè ïðîòîòèïîì äëÿ ñòâîðåí-
íÿ íîâèõ âèñîêîåôåêòèâíèõ åçîôà´îïðîòåêòîð-
íèõ ë³êàðñüêèõ çàñîá³â.

Àâòîðè âèñëîâëþþòü ïîäÿêó ïðîô. Äæî-
íó Âàëëåñó ç McMaster University, Antibe
Therapeutics Inc (Êàíàäà) òà ïðîô. Ñòàí³ñëàâó Êîí-
òóðåêó ç Jagiellonian University Collegium Medicum
(Ïîëüùà) çà ëþá'ÿçíî íàäàí³ ïðåïàðàòè, à òàêîæ
àñèñòåíòó êàôåäðè ã³ñòîëî´³¿, öèòîëî´³¿ òà åìáð³î-
ëî´³¿ Õ. Ñòðóñ çà òåõí³÷íó äîïîìîãó ïðè âèêî-
íàíí³ ìîðôîìåòðè÷íèõ äîñë³äæåíü.
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