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Ðåôåðàò
Àðòåð³àëüíà ã³ïåðòåíç³ÿ çàëèøàºòüñÿ îäí³ºþ ç îñ-
íîâíèõ ïðîáëåì ñó÷àñíî¿ ìåäèöèíè, îñê³ëüêè º ïàòî-
ãåíåòè÷íèì ôàêòîðîì âåëèêî¿ ê³ëüêîñò³ ñåðöåâî-ñó-
äèííèõ çàõâîðþâàíü òà ïðè÷èí ïåðåä÷àñíî¿ ñìåðò³.
Ìåòà äîñë³äæåííÿ - âèçíà÷èòè òà ïîð³âíÿòè âì³ñò
ñóëüôã³äðèëüíèõ ãðóï ïëàçìè ³ êðîâ³ é â³äíîâëåíîãî ãëó-
òàò³îíó åðèòðîöèò³â ó ïàö³ºíò³â ç àðòåð³àëüíîþ ã³-
ïåðòåíç³ºþ ²² ñòàä³¿ äî òà ï³ñëÿ äîçîâàíîãî ô³çè÷íîãî
íàâàíòàæåííÿ íà ôîí³ óæèâàííÿ â³òàì³íó Å òà ñåëåíó.

Abstract
Hypertension remains one of the main problems in modern
medicine since it is a pathogenetic factor leading to a large
number of cardiovascular diseases and premature death.
The aim of the study is to measure and compare the levels
of sulfhydryl groups in plasma and blood as well as
reduced glutathione of erythrocytes in patients with stage
II hypertension before and after engaging in a controlled
physical exercise taking into account the intake of vitamin
E and selenium.

© 2023 by the author(s).
This work is licensed under Creative Commons Attribution 4.0 International License https://creativecommons.org/licenses/by/4.0/

Clinical medicine                                                                                                                              Êë³í³÷íà ìåäèöèíà



34

Ëüâ³âñüêèé ìåäè÷íèé ÷àñîïèñ 2023. Ò. 29. ¹ 1-2                                                               ISSN 1029 - 4244 (Print)
Acta Medica Leopoliensia 2023;29(1-2)                                                                               eISSN 2415-3303 (Online)

Êë³í³÷íà ìåäèöèíà                                                                                                                                Clinical medicine

Âñòóï
Ó ñòðóêòóð³ ñåðöåâî-ñóäèííèõ çàõâîðþâàíü
ïðîâ³äíå ì³ñöå çàéìàº àðòåð³àëüíà ã³ïåðòåíç³ÿ
(ÀÃ), òîìó ùî âîíà ïðèçâîäèòü äî òÿæêèõ
óñêëàäíåíü, âèêëèêàº ðîçâèòîê ìîçêîâîãî ³í-
ñóëüòó é ³øåì³÷íî¿ õâîðîáè ñåðöÿ, ùî º ïðè-
÷èíîþ íåïðàöåçäàòíîñò³ òà ñìåðòíîñò³ íàñå-
ëåííÿ. ÀÃ º âàæëèâèì ôàêòîðîì ðèçèêó â ðîç-
âèòêó êàëüöèô³êîâàíîãî àîðòàëüíîãî ñòåíîçó
(ÀÑ) ï³ñëÿ òàêèõ ïîêàçíèê³â, ÿê ë³òí³é â³ê, ÷î-
ëîâ³÷à ñòàòü ³ êóð³ííÿ. Íàéá³ëüøå çíà÷åííÿ
ï³äâèùåíîãî àðòåð³àëüíîãî òèñêó ñïîñòåð³ãà-
ºòüñÿ íà ïî÷àòêîâèõ åòàïàõ ðîçâèòêó ÀÑ, îñ-
ê³ëüêè çì³íè â äèíàì³ö³ êðîâîòîêó ïðèçâîäÿòü
äî ïîøêîäæåííÿ êëàïàíà íà ñòîðîí³ àîðòè -
ä³ëÿíêà, ÿêà ñõèëüíà äî á³ëüø ñèëüíîãî âïëè-
âó. Ïîÿâà äåôåêò³â åíäîòåë³þ ó öèõ ì³ñöÿõ
ïðèçâîäèòü äî ³í³ö³àö³¿ îêñèäàòèâíîãî ñòðåñó
òà çàïàëüíèõ ïðîöåñ³â [1].

Â³äîìî, ùî ñòðåñ ìîæå ïðèçâîäèòè äî
òðàíçèòîðíîãî ï³äâèùåííÿ ÀÒ [2, 3]. Íå âèâ-
÷åíî äîñòàòíüî, ÿêî¿ ñàìå ïðèðîäè ïîäðàçíèê
ìàº áóòè, ÿê äîâãî â³í ìàº ä³ÿòè, ùîá ïðè-
çâåñòè äî çíà÷íèõ íàñë³äê³â, ÿê âèçíà÷èòè ñà-

Material and Methods. There were 60 patients with stage
II hypertension and 30 relatively healthy individuals. The
individuals under observation performed a two-stage
physical exercise on a stationary bicycle ergometer with the
intensity, corresponding to 50 and 75% of the maximum
oxygen consumption by the body. The overall duration of
each stage of the physical exercise accounted for 5 minutes
with a three-minute break to rest in between. Blood was taken
from the ulnar vein before the cardiac stress test and 5
minutes after it. The content of sulfhydryl groups in plasma
and erythrocytes, as well as reduced glutathione of
erythrocytes was measured in patients before and after the
physical exercise. The examination was conducted twice -
before and after the intake of vitamin E and selenium.
Results and Discussion. Since the immediate response to a
cardiac stress test performed on a stationary bicycle is shown
by changes in the level of non-protein-bound sulfhydryl
groups of erythrocytes (the level decreases), it can be
assumed that they are involved in the formation of the
primary compensatory reaction in response to physical
exercise in individuals suffering from arterial hypertension.
Conclusion. Thus, the decrease in the level of non-protein-
bound sulfhydryl groups of erythrocytes enables to assess
the degree of stress that affects the human body, as well as
the antioxidant protection enhancement in patients with
hypertension after taking vitamin E and selenium both before
and after engaging in physical exercise.

Ìàòåð³àë ³ ìåòîäè. 60 ïàö³ºíò³â ç àðòåð³àëüíîþ ã³-
ïåðòåíç³ºþ ²² ñòàä³¿ òà 30 ïðàêòè÷íî çäîðîâèõ îñ³á.
Îáñòåæóâàí³ îñîáè âèêîíóâàëè íà âåëîåðãîìåòð³ äâî-
ñòóïåíåâå ô³çè÷íå íàâàíòàæåííÿ ç ³íòåíñèâí³ñòþ,
ÿêà â³äïîâ³äàëà 50 % ³ 75 % íàëåæíîãî ìàêñèìàëüíîãî
ñïîæèâàííÿ êèñíþ îðãàí³çìîì. Òðèâàë³ñòü íàâàíòà-
æåííÿ äîð³âíþâàëà 5 õâ íà êîæíîìó ñòóïåí³ ç òðè-
õâèëèííèì â³äïî÷èíêîì ì³æ íèìè. Çàá³ð êðîâ³ ç ë³ê-
òüîâî¿ âåíè ïðîâîäèâñÿ ïåðåä âåëîåðãîìåòð³ºþ òà ÷å-
ðåç 5 õâèëèí ï³ñëÿ íå¿. Ó ïàö³ºíò³â äî òà ï³ñëÿ ô³çè÷-
íîãî íàâàíòàæåííÿ âèçíà÷àëè âì³ñò ñóëüôã³äðèëüíèõ
ãðóï ïëàçìè é åðèòðîöèò³â ³ â³äíîâëåíîãî ãëóòàò³îíó
åðèòðîöèò³â. Îáñòåæåííÿ ïðîâîäèëîñü äâ³÷³ - äî òà
ï³ñëÿ óæèâàííÿ â³òàì³íó Å ³ ñåëåíó.
Ðåçóëüòàòè é îáãîâîðåííÿ. Îñê³ëüêè íåãàéíîþ â³äïî-
â³ääþ íà âåëîåðãîìåòð³þ º çì³íè ð³âíÿ íåá³ëêîâèõ ñóëü-
ôã³äðèëüíèõ ãðóï åðèòðîöèò³â (çíèæåííÿ), ìîæíà
ïðèïóñòèòè, ùî ñàìå âîíè áåðóòü ó÷àñòü ó ôîðìóâàíí³
ïåðâèííî¿ êîìïåíñàòîðíî¿ ðåàêö³¿ ó â³äïîâ³äü íà ô³çè÷íå
íàïðóæåííÿ â îñ³á ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ.
Âèñíîâêè. Òàêèì ÷èíîì, çíèæåííÿ ð³âíÿ íåá³ëêîâèõ
ñóëüôã³äðèëüíèõ ãðóï åðèòðîöèò³â äàº ìîæëèâ³ñòü
îö³íèòè ñòóï³íü ñòðåñó, ÿêèé âïëèâàº íà îðãàí³çì ëþ-
äèíè, à òàêîæ ïîêðàùåííÿ àíòèîêñèäàíòíîãî çàõèñ-
òó ó ïàö³ºíò³â ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ ï³ñëÿ
óæèâàííÿ â³òàì³íó Å òà ñåëåíó ÿê äî, òàê ³ ï³ñëÿ ô³-
çè÷íîãî íàâàíòàæåííÿ.

ìå éîãî çâ'ÿçîê ³ç ï³äâèùåííÿì ÀÒ àáî æ ÿê
îö³íèòè ê³ëüê³ñíî éîãî ñèëó [4-7]. ²íòåíñè-
ô³êàö³ÿ ïðîöåñ³â ÏÎË ó ïàö³ºíò³â ç ÀÃ ðîç-
ãëÿäàºòüñÿ ÿê íàäçâè÷àéíî âàæëèâèé ìåõà-
í³çì ³í³ö³àö³¿ ³ ïðîãðåñóâàííÿ çàõâîðþâàííÿ
ó éîãî ðàííüîìó ïåð³îä³. Ó ïàö³ºíò³â ç ÀÃ ïðè
òðèâàëîìó ïåðåá³ãó çàõâîðþâàííÿ ³, íåçâàæà-
þ÷è íà àíòèã³ïåðòåíçèâíó òåðàï³þ, ÿêà ïðî-
âîäèëàñÿ ó á³ëüøîñò³ ç íèõ, ñïîñòåð³ãàþòüñÿ
îçíàêè àêòèâàö³¿ â³ëüíîðàäèêàëüíèõ ðåàêö³é
ð³çíîãî ñòóïåíÿ âèðàæåíîñò³ [8].

Äî ïðåïàðàò³â ç àíòèîêñèäàíòíîþ àê-
òèâí³ñòþ íàëåæèòü â³òàì³í Å, ùî º íàéâàæ-
ëèâ³øèì ë³îô³ëüíèì àíòèîêñèäàíòîì â îðãà-
í³çì³ ³ çíàõîäèòüñÿ ó êë³òèííèõ ìåìáðàíàõ.
Éîãî àíòèîêñèäàíòíà àêòèâí³ñòü ïðîÿâëÿºòü-
ñÿ ïåðåâàæíî ó âçàºìîä³¿ ç ïåðåêèñíèìè ñïî-
ëóêàìè îðãàí³÷íî¿ ïðèðîäè. Ôåíîëüí³ ðàäè-
êàëè òîêîôåðîë³â ìîæóòü çä³éñíþâàòè îáðèâ
ëàíöþãà ïðè âçàºìîä³¿ ç ïåðåêèñíèìè ðàäè-
êàëàìè æèðíèõ êèñëîò. Íà ñüîãîäí³ â³äîìî,
ùî óæèâàííÿ â³òàì³íó Å ïîêðàùóº åíäîòåë³é-
çàëåæíó âàçîäèëàòàö³þ. Â³òàì³í Å ïîïåðå-
äæàº îêèñíåííÿ ë³ïîïðîòå¿ä³â íèçüêî¿ ù³ëü-
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íîñò³ in vivo, éîãî íåòðèâàëå çàñòîñóâàííÿ
ïðèçâîäèòü äî ïîë³ïøåííÿ ïåâíèõ ìàðêåð³â
åíäîòåë³àëüíî¿ äèñôóíêö³¿ [9].

Ñåëåí â îðãàí³çì³, â îñíîâíîìó, âõî-
äèòü äî ñêëàäó öèñòå¿íó, êàðáîíîâèé ñêåëåò
ÿêîãî ïîõîäèòü ³ç ñåðèíó. Îñîáëèâå ì³ñöå ñå-
ðåä á³îëîã³÷íî àêòèâíèõ ðå÷îâèí ïîñ³äàº ñå-
ëåí-çàëåæíà ãëóòàò³îíïåðîêñèäàçà (ÃÏÎ).
Ïîíàä 70% àêòèâíîñò³ ÃÏÎ ïëàçìè ïðèïàäàº
íà ñåëåí-çàëåæíèé ôåðìåíò ³ â³äïîâ³äàº êîí-
öåíòðàö³¿ ñåëåí³òó íàòð³þ òà ñåëåí-öèñòå¿íó
â êðîâ³. Îñîáëèâå çíà÷åííÿ ìàþòü ïîðóøåííÿ
àêòèâíîñò³ ôåðìåíòó ïðè îêèñíèõ ñòðåñîðíèõ
ðåàêö³ÿõ, îñê³ëüêè ÃÏÎ ðåãóëþº ð³âåíü â³ëü-
íîðàäèêàëüíîãî îêèñíåííÿ øëÿõîì ðóéíó-
âàííÿ òîêñè÷íèõ ã³äðîïåðîêñèä³â ³ çàõèñòó
ìåìáðàí â³ä øê³äëèâî¿ ä³¿ îñòàíí³õ. Çàñâîºí-
íÿ, ìåòàáîë³çì òà âêëþ÷åííÿ ñåëåíó äî ñêëà-
äó àì³íîêèñëîò ³ ôåðìåíò³â ò³ñíî ïîâ'ÿçàí³ ³ç
çàáåçïå÷åííÿì â³òàì³íîì Å. ²ñíóº òâåðäæåí-
íÿ, ùî ñåëåí ïîñèëþº àíòèîêñèäàíòíó àêòèâ-
í³ñòü â³òàì³íó Å ïðè ¿õ îäíî÷àñíîìó çàñòîñó-
âàíí³ [9-12].

Äëÿ îö³íþâàííÿ àäàïòàö³éíèõ ïðîöåñ³â
îðãàí³çìó, âèÿâëåííÿ äåôåêò³â, ÿê³ ïðèçâîäÿòü
äî ðîçâèòêó ð³çíèõ ïàòîëîã³÷íèõ ïðîöåñ³â,
âêëþ÷àþ÷è é ÀÃ, äîö³ëüíî çàñòîñîâóâàòè ô³-
çè÷íå íàâàíòàæåííÿ (âåëîåðãîìåòð³þ) [13-19].

Ìåòà ðîáîòè - âèçíà÷èòè òà ïîð³âíÿòè
âì³ñò çàãàëüíèõ, á³ëêîâèõ òà íåá³ëêîâèõ ñóëüô-
ã³äðèëüíèõ ãðóï ïëàçìè é åðèòðîöèò³â ³ â³ä-
íîâëåíîãî ãëóòàò³îíó åðèòðîöèò³â ó ïàö³ºíò³â
ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ ²² ñòàä³¿ äî òà ï³ñ-
ëÿ äîçîâàíîãî ô³çè÷íîãî íàâàíòàæåííÿ íà ôî-
í³ óæèâàííÿ â³òàì³íó Å òà ñåëåíó.

Ìàòåð³àë ³ ìåòîäè
Îáñòåæåíî 60 ïàö³ºíò³â ç àðòåð³àëüíîþ ã³ïåð-
òåíç³ºþ ²² ñòàä³¿ (äîñë³äíà ãðóïà - 40 ÷îëîâ³ê³â
òà 20 æ³íîê) òà 30 ïðàêòè÷íî çäîðîâèõ îñ³á
(êîíòðîëüíà ãðóïà- 20 ÷îëîâ³ê³â òà 10 æ³íîê).

Êîíòðîëüíà òà äîñë³äíà ãðóïè áóëè ç³ñòàâí³
çà â³êîì, ìàñîþ ò³ëà òà ðîñòîì (Òàáë.1).

Îáñòåæóâàí³ îñîáè âèêîíóâàëè íà âå-
ëîåðãîìåòð³ äâîñòóïåíåâå ô³çè÷íå íàâàíòà-
æåííÿ ç ³íòåíñèâí³ñòþ, ÿêà â³äïîâ³äàëà 50 ³
75 % íàëåæíîãî ìàêñèìàëüíîãî ñïîæèâàííÿ
êèñíþ (ÌÑÊ) îðãàí³çìîì. Òðèâàë³ñòü íàâàí-
òàæåííÿ äîð³âíþâàëà 5 õâ íà êîæíîìó ñòóïåí³
ç òðèõâèëèííèì â³äïî÷èíêîì.

Óñ³ îáñòåæóâàí³ ïðèéìàëè â³òàì³í Å
(100 ìã) ³ "Íåîñåëåí" (1 ñò. ë. ðîç÷èíó âì³ñòó
1 ôëàêîíà (10 ìë), ÿêèé ïîïåðåäíüî ðîç÷èíÿ-
þòü ó 1 ë âîäè) íà äîáó óïðîäîâæ 1 ì³ñÿöÿ.
Õâîð³ ïðèéìàëè ë³çèíîïðèë 10 ìã íà äîáó.

Çàá³ð êðîâ³ ç ë³êòüîâî¿ âåíè ïðîâîäèâ-
ñÿ ïåðåä âåëîåðãîìåòð³ºþ òà ÷åðåç 5 õâèëèí
ï³ñëÿ íå¿. Ó ïàö³ºíò³â äî òà ï³ñëÿ ô³çè÷íîãî íà-
âàíòàæåííÿ âèçíà÷àëè âì³ñò çàãàëüíèõ, á³ëêî-
âèõ òà íåá³ëêîâèõ ñóëüôã³äðèëüíèõ ãðóï ïëàç-
ìè é åðèòðîöèò³â ³ â³äíîâëåíîãî ãëóòàò³îíó
åðèòðîöèò³â. Îáñòåæåííÿ ïðîâîäèëîñü äâ³÷³ -
äî òà ï³ñëÿ óæèâàííÿ â³òàì³íó Å òà ñåëåíó.

Ïðîâîäèëè ñïåêòðîôîòîìåòðè÷íå âè-
çíà÷åííÿ â³äíîâëåíîãî ãëóòàò³îíó åðèòðîöè-
ò³â. Ïðèíöèï ìåòîäó áàçóºòüñÿ íà âëàñòèâîñò³
ãëóòàò³îíó ðåàãóâàòè ç íàäëèøêîì àëîêñàíó,
óòâîðþþ÷è ñïîëóêó ç ìàêñèìóìîì ïîãëèíàí-
íÿ íà äîâæèí³ õâèë³ 305 íì [20]. Ê³ëüê³ñòü
óòâîðåíîãî êîìïëåêñó ïðîïîðö³éíà âì³ñòó óò-
âîðåíîãî ãëóòàò³îíó. Âì³ñò â³äíîâëåíîãî ãëþ-
òàò³îíó â åðèòðîöèòàõ ó çäîðîâèõ ëþäåé ñòà-
íîâèòü 1070±403 ìêìîëü/ë. Ñòóï³íü îêèñíåí-
íÿ â³äíîâëåíîãî ãëþòàò³îíó â ïðîöåñ³ àíàë³çó
ñêëàäàº 39, 91±16,01%. Ñóëüôã³äðèëüí³ ãðó-
ïè âèçíà÷àëè â ïëàçì³ òà åðèòðîöèòàõ ôîòî-
êîëîìåòðè÷íèì óëüòðà ì³êðîìåòîäîì.

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ ðå-
çóëüòàò³â ïðîâîäèëè íà ïåðñîíàëüíîìó êîì-
ï'þòåð³ ç âèêîðèñòàííÿì ïðîãðàì "Microsoft
Exñel" òà "Statistica". Îö³íêà â³ðîã³äíîñò³ ð³ç-
íèö³ ì³æ ãðóïàìè, ùî ïîð³âíþâàëèñÿ, çä³éñ-

Îçíàêà Êîíòðîëüíà ãðóïà Äîñë³äíà ãðóïà ð 
Â³ê, ðîêè 29,46±1,46 42,10±1,77 >0,05 
Ìàñà ò³ëà, êã 74,65±1,73 87,55±0,90 >0,05 
Р³ñò, ñì 173,89±1,03 171,92±1,26 >0,05 

Òàáëèöÿ 1
Çàãàëüíà õàðàêòåðèñòèêà ãðóï äîñë³äæåííÿ
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íþâàëàñÿ çà äîïîìîãîþ âèêîðèñòàííÿ ïàðíî-
ãî êðèòåð³þ Ñòüþäåíòà ³ êðèòåð³þ Âèëêîêñî-
íà. Ñòàòèñòè÷íî äîñòîâ³ðíîþ ð³çíèöþ ââàæà-
ëè çà óìîâ ð<0,05.  Âèðàõîâóâàëè ñåðåäíº çíà-
÷åííÿ âåëè÷èí (Ì) òà ñòàíäàðòíó ïîìèëêó (m).

Ðåçóëüòàòè é îáãîâîðåííÿ
Êîíòðîëüíà òà äîñë³äíà ãðóïè áóëè ç³ñòàâëåí³
ì³æ ñîáîþ çà â³êîì, ìàñîþ ò³ëà, ðîñòîì òà ³í-
äåêñîì ìàñè ò³ëà (²ÌÒ). Ó ïàö³ºíò³â îáîõ ãðóï
â³äçíà÷åíà íàäëèøêîâà ìàñà ò³ëà (²ÌÒ > 25,0).

Ó ðàìêàõ äîñë³äæåííÿ áóëî ïðîàíàë³-
çîâàíî ðÿä á³îõ³ì³÷íèõ ïîêàçíèê³â âåíîçíî¿
êðîâ³: çàãàëüí³ ñóëüôã³äðèëüí³ ãðóïè ïëàçìè,
çàãàëüí³ ñóëüôã³äðèëüí³ ãðóïè åðèòðîöèò³â,
íåá³ëêîâ³ ñóëüôã³äðèëüí³ ãðóïè ïëàçìè, íå-
á³ëêîâ³ ñóëüôã³äðèëüí³ ãðóïè åðèòðîöèò³â,
á³ëêîâ³ ñóëüôã³äðèëüí³ ãðóïè ïëàçìè, á³ëêîâ³
ñóëüôã³äðèëüí³ ãðóïè åðèòðîöèò³â,  â³äíîâ-
ëåíèé ãëþòàò³îí åðèòðîöèò³â. Çàçíà÷åí³ ïî-
êàçíèêè äîñë³äæóâàëèñÿ ó ïàö³ºíò³â îáîõ
ãðóï äî òà ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ, à ó
äîñë³äí³é ãðóï³ òàêîæ äî ³ ï³ñëÿ ë³êóâàííÿ.

Áóëî âèÿâëåíî äîñòîâ³ðíó ð³çíèöþ
ì³æ ïîêàçíèêàìè ï³ñëÿ íàâàíòàæåííÿ ó ìå-
æàõ ãðóï, â àíàëîã³÷íèé ïåð³îä äî òà ï³ñëÿ

ë³êóâàííÿ, à òàêîæ ì³æ ïîêàçíèêàìè â àíàëî-
ã³÷íèé ïåð³îä ïîì³æ êîíòðîëüíîþ òà äîñë³ä-
íîþ ãðóïàìè (Òàáë.2).

Âñòàíîâëåíî äîñòîâ³ðí³ â³äì³ííîñò³
(p<0,05) ì³æ ð³âíÿìè íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï ó ïàö³ºíò³â êîíòðîëüíî¿ ãðóïè
äî òà ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ. Â³äçíà-
÷åíî çíèæåííÿ ð³âíÿ íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï åðèòðîöèò³â ó ïàö³ºíò³â êîíò-
ðîëüíî¿ ãðóïè ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ:
äî íàâàíòàæåííÿ ïîêàçíèê ñòàíîâèâ 8,03±0,43
ìêìîëü/ë, ï³ñëÿ - 6,51±0,36 ìêìîëü/ë.

Ó ïàö³ºíò³â äîñë³äíî¿ ãðóïè âèÿâëåíî
äîñòîâ³ðí³ â³äì³ííîñò³ (p<0,05) ì³æ ð³âíÿìè
íåá³ëêîâèõ ñóëüôã³äðèëüíèõ ãðóï åðèòðîöè-
ò³â ³ â³äíîâëåíîãî ãëþòàò³îíó åðèòðîöèò³â äî
òà ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ äî ïî÷àòêó
ë³êóâàííÿ (Ðèñ.1).

Ð³âåíü íåá³ëêîâèõ ñóëüôã³äðèëüíèõ
ãðóï åðèòðîöèò³â ó ïàö³ºíò³â äîñë³äíî¿ ãðóïè
ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ çíèçèâñÿ (ç
6,75±0,31 äî 5,15±0,25 ìêìîëü/ë â³äïîâ³äíî),
íàòîì³ñòü ð³âåíü â³äíîâëåíîãî ãëþòàò³îíó
åðèòðîöèò³â çð³ñ (ç 217,05±11,35 äî 254,06±13,50
ìêìîëü/ë).

Âèÿâëåíî òàêîæ äîñòîâ³ðí³ â³äì³ííîñ-
Òàáëèöÿ 2

Á³îõ³ì³÷í³ ïîêàçíèêè âåíîçíî¿ êðîâ³ ïàö³ºíò³â êîíòðîëüíî¿ ³ äîñë³äíî¿ ãðóï
³ ¿õ çì³íè ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ òà ë³êóâàííÿ

* - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,05) ï³ñëÿ íàâàíòàæåííÿ ó ìåæàõ ãðóïè;
** - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,01) ï³ñëÿ íàâàíòàæåííÿ ó ìåæàõ ãðóïè;

α- íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,05) ïîì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä äî ³ ï³ñëÿ ë³êóâàííÿ;
αα - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,01) ïîì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä äî ³ ï³ñëÿ ë³êóâàííÿ;
# - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,05) ì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä ïîì³æ êîíòðîëüíîþ ³

äîñë³äíîþ ãðóïàìè;
## - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,01) ì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä ïîì³æ êîíòðîëüíîþ ³

äîñë³äíîþ ãðóïàìè

Êîíòðîëüíà ãðóïà Äîñë³äíà ãðóïà 
äî ë³êóâàííÿ ï³ñëÿ ë³êóâàííÿ Ïîêàçíèêè äî 

íàâàíòàжåííÿ 
ï³ñëÿ 

íàâàíòàжåííÿ äî 
íàâàíòàжåííÿ 

ï³ñëÿ 
íàâàíòàжåííÿ 

äî 
íàâàíòàжåííÿ 

ï³ñëÿ 
íàâàíòàжåííÿ 

Çàãàëüí³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë 2,20±0,09 2,22±0,09 2,12±0,08 2,21±0,08 2,31±0,15 2,37±0,16 

Çàãàëüí³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë 23,30±1,19 21,73±1,18 23,73±1,12 21,07±1,05 24,04±1,66 23,45±1,67 

Íåá³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë 0,55±0,03 0,62±0,03 0,53±0,03 0,56±0,03 0,64±0,05α 0,71±0,06α 

Íåá³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë 8,03±0,43 6,51±0,36** 6,75±0,31# 5,15±0,25**## 8,41±0,49αα 7,18±0,49αα 

Á³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë 1,66±0,09 1,61±0,08 1,78±0,09 1,61±0,08 1,83±0,14 1,70±0,12 

Á³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë 15,43±0,84 16,18±0,92 16,34±0,75 16,55±0,86 16,30±1,17 16,90±1,28 

Â³äíîâëåíèé ãëþòàò³îí 
åðèòðîöèò³â, ìêìîëü/ë 186,40±10,49 210,64±11,02 217,05±11,35 254,06±13,50*# 334,95±23,60αα## 312,19±20,82α## 
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ò³ (p<0,05) ì³æ ð³âíÿìè íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï ïëàçìè, íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï åðèòðîöèò³â, â³äíîâëåíîãî ãëþ-
òàò³îíó åðèòðîöèò³â ó ïàö³ºíò³â äîñë³äíî¿
ãðóïè äî ô³çè÷íîãî íàâàíòàæåííÿ äî ³ ï³ñëÿ
ïðîâåäåíîãî ë³êóâàííÿ (Ðèñ.2).

Ó ïàö³ºíò³â äîñë³äíî¿ ãðóïè ï³ñëÿ ë³-
êóâàííÿ äî ô³çè÷íîãî íàâàíòàæåííÿ â³äçíà-
÷àëîñü çðîñòàííÿ ð³âí³â íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï ïëàçìè (ç 0,53±0,03 äî 0,64±0,05
ìêìîëü/ë) òà åðèòðîöèò³â (ç 6,75±0,31 äî
8,41±0,49 ìêìîëü/ë), à òàêîæ ð³âíþ â³äíîâ-
ëåíîãî ãëþòàò³îíó åðèòðîöèò³â, ÿêèé äî ë³-
êóâàííÿ ñòàíîâèâ 217,05±11,35 ìêìîëü/ë, à

ï³ñëÿ ë³êóâàííÿ - â³äïîâ³äíî 334,95±23,60
ìêìîëü/ë.

Äîñòîâ³ðí³ â³äì³ííîñò³ (p<0,05) âñòà-
íîâëåíî ³ ì³æ ð³âíÿìè äàíèõ ïîêàçíèê³â ï³ñëÿ
ô³çè÷íîãî íàâàíòàæåííÿ äî ³ ï³ñëÿ ë³êóâàííÿ
(Ðèñ. 3). Òåíäåíö³¿ çì³íè çíà÷åíü ïîêàçíèê³â
âèÿâèëèñü àíàëîã³÷íèìè äî òàêèõ ó ïàö³ºíò³â
äîñë³äíî¿ ãðóïè äî ô³çè÷íîãî íàâàíòàæåííÿ.

Â³äçíà÷åí³ äîñòîâ³ðí³ â³äì³ííîñò³
(p<0,05) ì³æ ð³âíÿìè âèùåâêàçàíèõ ïîêàçíè-
ê³â ì³æ êîíòðîëüíîþ òà äîñë³äíîþ ãðóïîþ ³
ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ, îêð³ì òîãî - ³
ì³æ ð³âíÿìè àêòèâíî¿ ôîðìè ìàëîíîâîãî ä³-
àëüäåã³äó (Ðèñ. 4).

Ðèñ. 1
Á³îõ³ì³÷í³ ïîêàçíèêè âåíîçíî¿ êðîâ³, çíà÷åííÿ ÿêèõ äîñòîâ³ðíî â³äð³çíÿëèñü (p<0,05), ó ïàö³ºíò³â äîñë³äíî¿

ãðóïè äî òà ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ äî ë³êóâàííÿ

Ðèñ. 2
Á³îõ³ì³÷í³ ïîêàçíèêè âåíîçíî¿ êðîâ³, çíà÷åííÿ ÿêèõ äîñòîâ³ðíî â³äð³çíÿëèñü (p<0,05), ó ïàö³ºíò³â äîñë³äíî¿

ãðóïè äî ô³çè÷íîãî íàâàíòàæåííÿ äî òà ï³ñëÿ ë³êóâàííÿ
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Ïðîàíàë³çîâàíî òàêîæ äèíàì³êó ð³âí³â
ïîêàçíèê³â âåíîçíî¿ êðîâ³ ó ïàö³ºíò³â äîñë³ä-
íî¿ ãðóïè ï³ñëÿ íàâàíòàæåííÿ äî òà ï³ñëÿ ë³-
êóâàííÿ. Á³ëüø³ñòü ïîêàçíèê³â çáåð³ãàþòü
àíàëîã³÷íó òåíäåíö³þ çì³íè ³ ï³ñëÿ ïðîâåäå-
íîãî ë³êóâàííÿ, ð³âåíü â³äíîâëåíîãî ãëþòà-
ò³îíó åðèòðîöèò³â ï³ñëÿ ô³çè÷íîãî íàâàíòà-
æåííÿ äî ë³êóâàííÿ çð³ñ, íàòîì³ñòü ï³ñëÿ ë³-
êóâàííÿ - çíèçèâñÿ íà -6,79% (Òàáë.3).

²ç ìåòîþ îö³íþâàííÿ ù³ëüíîñò³ çâ'ÿçêó
ì³æ ïîêàçíèêàìè âñåðåäèí³ ãðóï ïðîâåäåíî
êîðåëÿö³éíèé àíàë³ç, ñòàòèñòè÷íó çíà÷óù³ñòü
ÿêîãî âñòàíîâëþâàëè çà ð³âíåì t-êðèòåð³þ.

Ïðè ïðîâåäåíí³ êîðåëÿö³éíîãî àíàë³çó

ì³æ ïîêàçíèêàìè êîíòðîëüíî¿ ãðóïè äî ô³çè÷-
íîãî íàâàíòàæåííÿ áóëî âèÿâëåíî çâîðîòí³é
ñåðåäíüî¿ ñèëè çâ'ÿçîê ì³æ ð³âíÿìè çàãàëüíèõ
ñóëüôã³äðèëüíèõ ãðóï åðèòðîöèò³â òà â³äíîâ-
ëåíîãî ãëþòàò³îíó åðèòðîöèò³â (r=-0,36). Íà-
ÿâí³ñòü çâîðîòíîãî çâ'ÿçêó ì³æ ïîêàçíèêàìè
äîçâîëÿº êîíñòàòóâàòè, ùî çðîñòàííÿì îäíîãî
³ç ïîêàçíèê³â ïàðè ïîºäíóºòüñÿ ç³ çíèæåííÿì
äðóãîãî.

Óñ³ íàâåäåí³ êîðåëÿö³éí³ çâ'ÿçêè º äî-
ñòîâ³ðíèìè (p<0,05).

Îáãîâîðåííÿ. Áóëî ïðîâåäåíå âèâ÷åí-
íÿ ðîë³ îêñèäàòèâíîãî ñòðåñó â ïàòîãåíåç³
õðîí³÷íîãî îáñòðóêòèâíîãî çàõâîðþâàííÿ ëå-

Ðèñ. 3
Á³îõ³ì³÷í³ ïîêàçíèêè âåíîçíî¿ êðîâ³, çíà÷åííÿ ÿêèõ äîñòîâ³ðíî â³äð³çíÿëèñü (p<0,05), ó ïàö³ºíò³â äîñë³äíî¿

ãðóïè ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ äî òà ï³ñëÿ ë³êóâàííÿ

Ðèñ. 4
Á³îõ³ì³÷í³ ïîêàçíèêè âåíîçíî¿ êðîâ³, çíà÷åííÿ ÿêèõ äîñòîâ³ðíî â³äð³çíÿëèñü (p<0,05), ó ïàö³ºíò³â êîíòðîëüíî¿

ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ òà äîñë³äíî¿ ãðóïè ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ ï³ñëÿ ë³êóâàííÿ
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ãåíü íà òë³ ã³ïåðòîí³÷íî¿ õâîðîáè äëÿ àäåê-
âàòíî¿ ôàðìàêîêîðåêö³¿ ö³º¿ ïàòîëîã³¿. Ìåòîþ
äîñë³äæåííÿ áóëî îö³íþâàííÿ ãëóòàò³îíîâî¿
ëàíêè ò³îë-äèñóëüô³äíî¿ ñèñòåìè ó ïàö³ºíò³â
³ç õðîí³÷íèì îáñòðóêòèâíèì çàõâîðþâàííÿì
ëåãåíü ïðè àðòåð³àëüí³é ã³ïåðòåíç³¿. Áóëî äî-
âåäåíî, ùî êîìîðá³äíà ïàòîëîã³ÿ õðîí³÷íîãî
îáñòðóêòèâíîãî çàõâîðþâàííÿ ëåãåíü òà àð-
òåð³àëüíó ã³ïåðòåíç³þ ïðèçâîäèòü äî çíà÷íèõ
çì³í ãëóòàò³îíîâîãî ëàíöþãà ò³îë-äèñóëüô³ä-
íî¿ ñèñòåìè çà ðàõóíîê çìåíøåííÿ ¿¿ â³äíîâ-
ëåíèõ ³íòåðìåä³àò³â (çíà÷íî ïàäàº ð³âåíü â³ä-
íîâëåíîãî ãëóòàò³îíó, â³äíîâëåíèõ ò³îëüíèõ
ãðóï) [7, 21].

Ó ñâ³òîâ³é ë³òåðàòóð³ íåìàº ³íôîðìàö³¿
ïðî òåðàï³þ ÀÃ â³òàì³íîì Å ³ ñåëåíîì áåç àí-
òèã³ïåðòåíçèâíèõ çàñîá³â, àëå ìè ãîâîðèëè
çîâñ³ì íå ïðî çàì³íó â³äîìèõ àíòèã³ïåðòåí-
çèâíèõ çàñîá³â íà â³òàì³í Å ó ïîºäíàíí³ ç ñå-
ëåíîì, à ïðî âïëèâ öèõ àíòèîêñèäàíò³â íà
äåÿê³ ïîêàçíèêè àíòèîêñèäàíòíîãî çàõèñòó ó
ïàö³ºíò³â ç ÀÃ òà â îñ³á êîíòðîëüíî¿ ãðóïè.
Ùîäî ðîë³ â³òàì³íó Å ó ðîçâèòêó ÀÃ, òî áóëî
ïðîâåäåíå äîñë³äæåííÿ 4269 îñ³á ïðîòÿãîì
6,1 ðîêó ³ âèÿâëåíî çâîðîòí³é çâ'ÿçîê ì³æ âì³ñ-
òîì â³òàì³íó Å ó ïðîäóêòàõ õàð÷óâàííÿì ³ ðè-
çèêîì ðîçâèòêó ÀÃ) [22]. À íèçüêèé ð³âåíü
ñåëåíó º íåçàëåæíèì ôàêòîðîì ðèçèêó ðîç-
âèòêó íåêîíòðîëüîâàíî¿ ÀÃ [23].

Âèñíîâêè
1. Ó ïàö³ºíò³â äîñë³äíî¿ ãðóïè âèÿâëåíî äî-
ñòîâ³ðí³ â³äì³ííîñò³ (p<0,05) ì³æ ð³âíÿìè íå-
á³ëêîâèõ ñóëüôã³äðèëüíèõ ãðóï åðèòðîöèò³â
³ â³äíîâëåíîãî ãëþòàò³îíó åðèòðîöèò³â äî ïî-
÷àòêó ë³êóâàííÿ äî òà ï³ñëÿ ô³çè÷íîãî íàâàí-
òàæåííÿ.
2. Âèÿâëåíî òàêîæ äîñòîâ³ðí³ â³äì³ííîñò³
(p<0,05) ì³æ ð³âíÿìè íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï ïëàçìè, íåá³ëêîâèõ ñóëüôã³ä-
ðèëüíèõ ãðóï åðèòðîöèò³â òà â³äíîâëåíîãî
ãëþòàò³îíó åðèòðîöèò³â ó ïàö³ºíò³â äîñë³äíî¿
ãðóïè äî ô³çè÷íîãî íàâàíòàæåííÿ äî ³ ï³ñëÿ
ïðîâåäåíîãî ë³êóâàííÿ.
3. Äîñòîâ³ðí³ â³äì³ííîñò³ (p<0,05) âñòàíîâ-
ëåíî ³ ì³æ ð³âíÿìè çàçíà÷åíèõ ïîêàçíèê³â ï³ñ-
ëÿ ô³çè÷íîãî íàâàíòàæåííÿ äî òà ï³ñëÿ ë³êó-
âàííÿ. Òåíäåíö³¿ çì³íè çíà÷åíü ïîêàçíèê³â âè-
ÿâèëèñü àíàëîã³÷íèìè äî òàêèõ ó ïàö³ºíò³â
äîñë³äíî¿ ãðóïè äî ô³çè÷íîãî íàâàíòàæåííÿ.
4. Íàÿâíà òàêîæ äîñòîâ³ðíà ð³çíèöÿ (p<0,05)
ì³æ ð³âíÿìè íåá³ëêîâèõ ñóëüôã³äðèëüíèõ
ãðóï åðèòðîöèò³â äî ô³çè÷íîãî íàâàíòàæåííÿ
äî ë³êóâàííÿ ì³æ êîíòðîëüíîþ ³ äîñë³äíîþ
ãðóïàìè.
5. Â³äçíà÷åí³ äîñòîâ³ðí³ â³äì³ííîñò³ (p<0,05)
é ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ ì³æ êîí-
òðîëüíîþ òà äîñë³äíîþ ãðóïîþ - ñåðåä ð³âí³â
â³äíîâëåíîãî ãëþòàò³îíó åðèòðîöèò³â.

Äîñë³äíà ãðóïà Ïîêàçíèêè Êîíòðîëüíà 
ãðóïà äî ë³êóâàííÿ ï³ñëÿ ë³êóâàííÿ 

Çàãàëüí³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë +0,02 +0,09 +0,06 

Çàãàëüí³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë –1,57 –2,66 –0,59 

Íåá³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë +0,07 +0,03 +0,07α 

Íåá³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë –1,52** –1,60** –1,23αα 

Á³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè ïëàçìè, ìêìîëü/ë –0,05 –0,17 –0,13 

Á³ëêîâ³ ñóëüôã³äðèëüí³ 
ãðóïè åðèòðîöèò³â, ìêìîëü/ë +0,75 +0,21 +0,60 

Â³äíîâëåíèé ãëþòàò³îí 
åðèòðîöèò³â, ìêìîëü/ë +24,24 +37,01* –22,76α 

Òàáëèöÿ 3
Äèíàì³êà á³îõ³ì³÷íèõ ïîêàçíèê³â âåíîçíî¿ êðîâ³ ó ïàö³ºíò³â êîíòðîëüíî¿ òà äîñë³äíî¿ ãðóïè

ï³ñëÿ ô³çè÷íîãî íàâàíòàæåííÿ

* - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,05) ï³ñëÿ íàâàíòàæåííÿ ó ìåæàõ ãðóïè;
** - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,01) ï³ñëÿ íàâàíòàæåííÿ ó ìåæàõ ãðóïè;

α - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,05) ì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä äî ³ ï³ñëÿ ë³êóâàííÿ;
αα - íàÿâíà äîñòîâ³ðíà ð³çíèöÿ (p<0,01) ì³æ ïîêàçíèêàìè â àíàëîã³÷íèé ïåð³îä äî ³ ï³ñëÿ ë³êóâàííÿ
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6. Ôîíîâèé âèùèé ð³âåíü ÂÃÅ â îñ³á ç àðòå-
ð³àëüíîþ ã³ïåðòåíç³ºþ çðîñòàº ï³ä âïëèâîì
ñóáìàêñèìàëüíîãî äîçîâàíîãî ô³çè÷íîãî íà-
âàíòàæåííÿ.
7. Íàéøâèäøå íà âåëîåðãîìåòðè÷íå íàâàí-
òàæåííÿ ðåàãóþòü íåá³ëêîâ³ ñóëüôã³äðèëüí³
ãðóïè åðèòðîöèò³â (çíèæóþòüñÿ).
8. Ï³ñëÿ óæèâàííÿ àíòèîêñèäàíò³â ï³äâèùó-
ºòüñÿ ð³âåíü ÿê íåá³ëêîâèõ ñóëüôã³äðèëüíèõ
ãðóï åðèòðîöèò³â, òàê ³ ÂÃÅ äî ï³ñëÿ ÔÍ.

Îñê³ëüêè íåãàéíîþ â³äïîâ³ääþ íà âå-
ëîåðãîìåòð³þ º çì³íè ð³âíÿ íåá³ëêîâèõ ñóëüô-
ã³äðèëüíèõ ãðóï åðèòðîöèò³â (çíèæåííÿ),
ìîæíà ïðèïóñòèòè, ùî ñàìå âîíè áåðóòü
ó÷àñòü ó ôîðìóâàíí³ ïåðâèííî¿ êîìïåíñàòîð-
íî¿ ðåàêö³¿ ó â³äïîâ³äü íà ô³çè÷íå íàïðóæåííÿ
â îñ³á ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ.

Òàêèì ÷èíîì, çíèæåííÿ ð³âíÿ íåá³ë-
êîâèõ ñóëüôã³äðèëüíèõ ãðóï åðèòðîöèò³â äàº
ìîæëèâ³ñòü îö³íèòè ñòóï³íü ñòðåñó, ÿêèé
âïëèâàº íà îðãàí³çì ëþäèíè, à òàêîæ ïîêðà-
ùåííÿ àíòèîêñèäàíòíîãî çàõèñòó ó ïàö³ºíò³â
ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ ï³ñëÿ óæèâàííÿ
â³òàì³íó Å òà ñåëåíó ÿê äî, òàê ³ ï³ñëÿ ô³çè÷-
íîãî íàâàíòàæåííÿ.

Îáìåæåííÿ äîñë³äæåííÿ. Äîñë³äæåííÿ áóëî
îäíîöåíòðîâèì.

Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî
â³äñóòí³ñòü êîíôë³êòó ³íòåðåñ³â ³ âëàñíî¿ ô³-
íàíñîâî¿ çàö³êàâëåíîñò³ ïðè ï³äãîòîâö³ ñòàòò³.

Ãîíîðàð: íå çàäåêëàðîâàíî.
Êîíêóðåíòí³ ³íòåðåñè: ô³íàíñîâ³ îðãàí³çàö³¿
íå â³ä³ãðàâàëè æîäíî¿ ðîë³ ïðè íàïèñàíí³ ñòàò-
ò³ àáî â ð³øåíí³ ïîäàòè çâ³ò äëÿ ïóáë³êàö³¿.
Äîñë³äæåííÿ º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿
ðîáîòè êàôåäðè ïðîïåäåâòèêè âíóòð³øíüî¿
ìåäèöèíè Ëüâ³âñüêîãî íàö³îíàëüíîãî ìå-
äè÷íîãî óí³âåðñèòåòó ³ìåí³ Äàíèëà Ãàëèöüêîãî
"Îñîáëèâîñò³ êë³í³÷íîãî ïåðåá³ãó õðîí³÷íî¿
ïàòîëîã³¿ ç âðàõóâàííÿì êîìîðá³äíîñò³" (¹
äåðæàâíî¿ ðåºñòðàö³¿ 0120U105733). Âèñíîâîê
êîì³ñ³¿ ç á³îåòèêè - ïðîòîêîë ¹2 çàñ³äàííÿ
êîì³ñ³¿ ç ïèòàíü íàóêîâèõ äîñë³äæåíü ËÍÌÓ
³ìåí³ Äàíèëà Ãàëèöüêîãî â³ä 20.02.2023 ð.

²íôîðìàö³ÿ ïðî âíåñîê êîæíîãî àâòîðà
Äðîíèê ².Ñ. - çàëó÷åííÿ ïàö³ºíò³â ó äîñë³-
äæåííÿ, ñòâîðåííÿ åëåêòðîííî¿ áàçè äàíèõ
ïàö³ºíò³â, îáðîáêà êë³í³÷íèõ äàíèõ, àíàë³ç
îòðèìàíèõ äàíèõ, íàïèñàííÿ; Äóòêà Ð.ß. -
êîíöåïö³ÿ ³ äèçàéí äîñë³äæåííÿ, ðåäàãóâàííÿ
òåêñòó; ×ìèð Í.Â., Ïøèê Ð.Ñ., Ä³äåíêî Î.Ç. -
çàëó÷åííÿ ïàö³ºíò³â ó äîñë³äæåííÿ, ïîøóê ³
àíàë³ç ë³òåðàòóðè.

IMPACT OF VITAMIN E AND SELENIUM INTAKE ON ANTIOXIDANT PROTECTION
INDICATORS DURING PHYSICAL EXERTION IN INDIVIDUALS
WITH HYPERTENSION
Introduction
Among various cardiovascular diseases,
hypertension occupies a dominant position since
it leads to serious complications. It triggers the
development of a stroke as well as coronary
artery disease; the latter is the cause of vocational
disability and mortality. Hypertension is an
important risk factor for the development of
calcific aortic stenosis (AS), particularly when
combined with such factors as advanced age,
male gender, and smoking. The highest value of
increased blood pressure is observed in the initial
stages of AS development since the changes in
the blood flow dynamics lead to the damage of
the valve on the aortic side - the area that is

subjected to a stronger impact. The appearance
of endothelial defects in these areas leads to the
initiation of oxidative stress and inflammatory
processes. [1] Bilivol

It is known that stress can lead to
transient hypertension [4, 5]. However, the exact
nature of the stimulus, the duration of the
stimulus action so that it can lead to serious
consequences, the approach used to determine
its connection with the increase of blood pressure
(BP), or the method of a quantitative assessment
of its strength have not been studied sufficiently
[9-11].

Intensification of lipid peroxidation (LP)
processes in patients with hypertension is

Êë³í³÷íà ìåäèöèíà                                                                                                                                Clinical medicine
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considered an extremely important mechanism
of the disease onset and progression in its early
stage. Patients with prolonged hypertension
show signs of free-radical reactions' activation
characterized by various degrees of expression,
despite undergoing antihypertensive therapy,
which is administered to most of them [27].

Drugs with antioxidant effects include
vitamin E, which is the most important lyophilic
antioxidant in the body found in cell membranes.
Its antioxidant effect is mainly manifested by the
interaction with peroxide compounds of organic
origin.

Phenolic radicals of tocopherols can
break the chain while interacting with peroxide
radicals of fatty acids. Nowadays, it is known
that the intake of vitamin E improves
endothelium-dependent vasodilation. Vitamin E
prevents the oxidation of low-density
lipoproteins in vivo. Its short-term use improves
certain markers of endothelial dysfunction [6].

In the body, selenium is mainly a part of
cysteine, which carbon skeleton is derived from
serine. Selenium-dependent glutathione
peroxidase (GPx) has a special status among
biologically active substances. More than 70%
of plasma GPx activity is performed by the
selenium-dependent enzyme and corresponds to
the concentration of sodium selenite and
selenocysteine in the blood. The disturbance of
enzyme activity in oxidative stress reactions is
particularly important since GPx regulates the
level of free-radical oxidation by destroying
toxic hydroperoxides and protecting membranes
from the harmful effects typical of the latter. The
absorption, metabolism, and incorporation of
selenium into amino acids and enzymes are
closely connected with vitamin E provision. It
is believed that selenium enhances the
antioxidant activity of vitamin E when both of
them are used simultaneously [2].

It is reasonable to perform a physical
exercise (as a means of cardiac stress test) in
order to assess body adaptative processes and
identify the defects that lead to the development
of various pathological processes, including
hypertension [23-26].

The aim is to identify and compare the
content of sulfhydryl groups in plasma and blood
as well as reduced glutathione of erythrocytes
in patients with stage II hypertension before and
after engaging in a controlled physical exercise
taking into account the intake of vitamin E and
selenium.

Materials and Methods
60 patients with stage II arterial hypertension
(experimental group: 40 males and 20 females)
and 30 relatively healthy individuals (control
group: 20 males and 10 females) were examined.

The control and experimental groups
were comparable in terms of age, body weight,
and height (Table 1).

The individuals under observation
performed a two-stage physical exercise on a
stationary bicycle ergometer with the intensity,
corresponding to 50 and 75% of the maximum
oxygen consumption by the body. The overall
duration of each stage of the physical exercise
accounted for 5 minutes with a three-minute
break to rest in between.

All 60 patients under observation took
vitamin E (100 mg) and "Neoselen" (1
tablespoon of the solution contained in 1 bottle
(10 ml), previously dissolved in 1 liter of water)
daily for the duration of a month. The affected
individuals took 10 mg of "Lisiopril" per day.

Blood was taken from the ulnar vein
before the cardiac stress test on a stationary
bicycle and 5 minutes after it. The content of
total, protein-bound and non-protein-bound
sulfhydryl groups of plasma and erythrocytes as

Characteristic feature Control group Experimental group ð 
Age, years 29.46±1.46 42.10±1.77 >0.05 
Body weight, kg 74.65±1.73 87.55±0.90 >0.05 
Height, sm 173.89±1.03 171.92±1.26 >0.05 

Table 1
General characteristics of research groups
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well as reduced glutathione of erythrocytes was
measured in patients before and after the physical
exercise. The examination was conducted twice -
before and after the intake of vitamin E and
selenium.

Spectrophotometric determination of
reduced glutathione of erythrocytes was
performed. The method is based on the ability
of glutathione to react with an excess of alloxan,
resulting in the formation of a compound with
an absorption maximum at a wavelength of 305
nm [150]. The quantity of the formed complex
is corresponding to the level of produced
glutathione. Reduced glutathione of erythrocytes
in healthy individuals is 1070±403 μmol/l.

In the course of analysis, it was found
that the oxidation state of reduced glutathione
was 39.91±16.01%. Sulfhydryl groups were
identified in both plasma and erythrocytes with
the help of photocolometric ultramicromethod.
Statistical processing of the obtained results was
conducted on a personal computer using
"MicrosoftExcel" and "Statistica" software. The
probability assessment of the difference between
the compared groups was conducted using the
paired Student's test and the Wilcoxon signed-
rank test. The difference was considered statistically
significant under conditions of p<0.05.

Both the mean value of the indicators (M)
and standard error (m) were calculated.

Results and Discussion
Both the control and experimental groups were
comparable in terms of age, body weight, height,
and body mass index (BMI). Patients of both
groups were overweight (BMI > 25.0).

As part of the study, several venous blood
biochemical indicators were analyzed: total
sulfhydryl groups of plasma, total sulfhydryl
groups of erythrocytes, non-protein-bound
sulfhydryl groups of plasma, non-protein-bound
sulfhydryl groups of erythrocytes, protein-bound
sulfhydryl groups of plasma, protein-bound
sulfhydryl groups of erythrocytes, and reduced
glutathione of erythrocytes.

These indicators were studied in patients
of both groups before and after cardiac stress

test. In the experimental group, these indicators
were also studied before and after treatment.

We observed a significant difference
between the indicators of the groups following
physical exercise within the same period before
and after treatment. Additionally, we found a
significant difference in the indicators of the
control and experimental groups within the same
period (Table 2).

A significant difference (p<0.05) was
found between the levels of non-protein-bound
sulfhydryl groups in the control group patients
before and after physical exercise. A decrease in
the level of non-protein-bound sulfhydryl groups
of erythrocytes was noticed in patients of the
control group after engaging in physical exercise.
The indicator was 8.03±0.43 μmol/l before the
exercise and 6.51±0.36 μmol/l after.

In patients of the experimental group, a
significant difference (p<0.05) was found
between the levels of non-protein-bound
sulfhydryl groups of erythrocytes and reduced
glutathione of erythrocytes both before and after
engaging in physical exercise before undergoing
treatment (Fig. 1).

The level of non-protein-bound
sulfhydryl groups of erythrocytes in the
experimental group patients after engaging in
physical exercise decreased (from 6.75±0.31 to
5.15±0.25 μmol/l, respectively), while the level
of reduced glutathione of erythrocytes increased
(from 217.05±11, 35 to 254.06±13.50 μmol/l).
Significant differences (p<0.05) were also
revealed among the levels of non-protein-bound
sulfhydryl groups of plasma, non-protein-bound
sulfhydryl groups of erythrocytes, reduced
glutathione of erythrocytes in patients of the
experimental group before engaging in physical
exercise, both before and after undergoing
treatment (Fig. 2).

Having received treatment, the
experimental group patients showed an increase
in the levels of non-protein-bound sulfhydryl
groups of plasma (from 0.53±0.03 to 0.64±0.05
μmol/l) and erythrocytes (from 6.75±0.31 to
8.41±0.49 μmol/l) before engaging in physical
exercise. Additionally, the level of reduced
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glutathione of erythrocytes increased from
217.05±11.35 μmol/l before treatment to
334.95±23.60 μmol/l after treatment.

The levels of these indicators were
significantly different (p<0.05) after engaging
in physical exercise both before and after

Control Group Experimental Group 
before treatment after treatment Indicators before 

exercise 
after 

exercise before 
exercise 

after 
exercise 

before 
exercise 

after 
exercise 

Total sulfhydryl 
groups of plasma, 
μmol/l 

2.20±0.09 2.22±0.09 2.12±0.08 2.21±0.08 2.31±0.15 2.37±0.16 

Total sulfhydryl 
groups 
of erythrocytes, 
μmol/l 

23.30±1.19 21.73±1.18 23.73±1.12 21.07±1.05 24.04±1.66 23.45±1.67 

Non-protein-bound 
sulfhydryl groups 
of plasma, μmol/l 

0.55±0.03 0.62±0.03 0.53±0.03 0.56±0.03 0.64±0.05α 0.71±0.06α 

Non-protein-bound 
sulfhydryl groups 
of erythrocytes, 
μmol/l 

8.03±0.43 6.51±0.36** 6.75±0.31# 5.15±0.25**## 8.41±0.49αα 7.18±0.49αα 

Protein-bound 
sulfhydryl groups 
of plasma, μmol/l 

1.66±0.09 1.61±0.08 1.78±0.09 1.61±0.08 1.83±0.14 1.70±0.12 

Protein-bound 
sulfhydryl groups 
of erythrocytes, 
μmol/l 

15.43±0.84 16.18±0.92 16.34±0.75 16.55±0.86 16.30±1.17 16.90±1.28 

Reduced glutathione 
of erythrocytes,  
μmol/l 

186.40±10.49 210.64±11.02 217.05±11.35 254.06±13.50*# 334.95±23.60αα## 312.19±20.82α## 

Table 2
Biochemical indicators of venous blood in patients of the control and experimental groups and their changes after

physical exercise and treatment

* - there is a significant difference (p<0.05) within the group after the exercise;
** - there is a significant difference (p<0.01) within the group after the exercise;

α  - there is a significant difference (p<0.05) between indicators within the same period before and after treatment;
αα  - there is a significant difference (p<0.01) between indicators within the same period before and after treatment;

# - there is a significant difference (p<0.05) between indicators within the same period between the control and
experimental groups;

## - there is a significant difference (p<0.01) between indicators within the same period between the control and
experimental groups

Fig. 1. Biochemical indicators of venous blood. Their values significantly differed (p<0.05) in the experimental group
patients both before and after engaging in physical exercise before receiving treatment
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treatment (Fig. 3). The changes in the indicators
were the same in the patients of the experimental
group before engaging in physical exercise.

There were significant differences
(p<0.05) between the levels of the above-
mentioned indicators. The differences in the
indicators were noticed in both the control and
experimental groups. Moreover, the differences
were recorded after engaging in physical
exercise. The levels of the active form of
malondialdehyde were significantly different as
well (Fig. 4).

Venous blood indicators of the
experimental group patients were analyzed after
engaging in physical exercise, both before and

after treatment. Most indicators produced similar
changes even after treatment. The level of
reduced glutathione of erythrocytes increased
after engaging in physical exercise before
treatment. However, it decreased by -6.79% after
treatment (Table 3).

A correlation analysis was conducted in
order to assess the connection between the
indicators within the groups. Its statistical value
was established on the basis of the t-criterion level.

While conducting a correlation analysis
of the control group indicators before engaging
in physical exercise, an inverse correlation of
average strength was revealed between the levels
of total sulfhydryl groups of erythrocytes and

Fig. 3
Biochemical indicators of venous blood. Their values significantly differed (p<0.05) in the experimental group

patients after engaging in physical exercise both before and after treatment
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reduced glutathione of erythrocytes (r=-0.36).
The presence of an inverse correlation between
the indicators allows us to state that the increase
of one indicator in the pair is connected with the
decrease of the other one.

All the above-mentioned correlations are
significant (p<0.05).

The role of oxidative stress in the
pathogenesis of chronic obstructive pulmonary
disease complicated by hypertension was studied
to find appropriate pharmacological management
of this pathology. The aim of the study was to
evaluate the significance of glutathione link
within the thiol-disulfide system in patients with
chronic obstructive pulmonary disease and
hypertension. It was proved that the comorbidity,
represented by both chronic obstructive

pulmonary disease and arterial hypertension, led
to significant changes in the glutathione chain
within the thiol-disulfide system due to the
decrease of its reduced intermediates (the level
of reduced glutathione typical of reduced thiol
groups decreases significantly) [7, 21].

The world literature database did not
contain any relevant information on the
hypertension management with the help of
vitamin E and selenium without antihypertensive
drugs. However, we did not intend to say that
well-known antihypertensive drugs could be
replaced by vitamin E in combination with
selenium. We emphasized the effect of these
antioxidants on some indicators of antioxidant
protection in patients with hypertension and
individuals of the control group. It took 6.1 years

Fig. 4
Biochemical indicators of venous blood. Their values significantly differed (p<0.05) in both the control group patients after

engaging in physical exercise and the experimental group patients after engaging in physical exercise after treatment

Experimental Group 
Indicators Control 

Group before 
treatment  

after 
treatment  

Total sulfhydryl groups of plasma, μmol/l +0.02 +0.09 +0.06 
Total sulfhydryl groups of erythrocytes, μmol/l –1.57 –2.66 –0.59 
Non-protein-bound sulfhydryl groups of plasma, μmol/l +0.07 +0.03 +0.07α 
Non-protein-bound sulfhydryl groups of erythrocytes, μmol/l –1.52** –1.60** –1.23αα 
Protein-bound sulfhydryl groups of plasma, μmol/l –0.05 –0.17 –0.13 
Protein-bound sulfhydryl groups of erythrocytes, μmol/l +0.75 +0.21 +0.60 
Reduced glutathione of erythrocytes, μmol/l +24.24 +37.01* –22.76α 

Table 3
Biochemical indicators of venous blood in patients of the control and experimental groups after physical exercise

* - there is a significant difference (p<0.05) within the group after the exercise;
** - there is a significant difference (p<0.01) within the group after the exercise;

 α - there is a significant difference (p<0.05) between indicators within the same period before and after treatment;
αα - there is a significant difference (p<0.01) between indicators within the same period before and after treatment
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to conduct a study involving 4 269 individuals
regarding the role of vitamin E in hypertension
development. An inverse correlation was
discovered between the content of vitamin E in food
and the risk of hypertension [22]. A low level of
selenium was an independent risk factor for the
development of uncontrolled hypertension [23].

Conclusion
1. In the experimental group of patients, there
are significant differences (p<0.05) between the
levels of non-protein-bound sulfhydryl groups
of erythrocytes and reduced glutathione of
erythrocytes before treatment, both before and
after engaging in physical exercise.
2. Significant differences (p<0.05) are also
revealed among the levels of non-protein-bound
sulfhydryl groups of plasma, non-protein-bound
sulfhydryl groups of erythrocytes and reduced
glutathione of erythrocytes in patients of the
experimental group before physical exercise,
both before and after undergoing treatment.
3. Significant differences (p<0.05) are also found
among these indicators after engaging in physical
exercise, both before and after treatment. The
changes in these indicators are similar to those,
exhibited by the experimental group patients
before physical exercise.
4. There is also a significant difference (p<0.05)
between the levels of non-protein-bound
sulfhydryl groups of erythrocytes before
engaging in physical exercise. The difference is
noticed between the indicators of the control and
experimental groups before treatment.
5. Significant differences (p<0.05) are also
noticed between the levels of reduced glutathione
of erythrocytes. These differences exist between
the indicators typical of the control and
experimental groups after engaging in physical
exercise.
6. Higher level of reduced glutathione of
erythrocytes in people with hypertension increases
under the influence of submaximal controlled
physical exercise.
7. Non-protein-bound sulfhydryl groups of
erythrocytes decrease in response to the physical
exercise performed on a stationary bicycle. They

exhibit the fastest response to the exercise.
8. After taking antioxidants, the levels of non-
protein-bound sulfhydryl groups of erythrocytes as
well as reduced glutathione of erythrocytes increase
both before and after engaging in physical exercise.
Since the immediate response to a cardiac stress
test performed on a stationary bicycle is shown by
changes in the level of non-protein-bound
sulfhydryl groups of erythrocytes (decrease), it can
be assumed that they are involved in the formation
of the primary compensatory reaction in response
to physical exercise in individuals suffering from
hypertension. Thus, the decrease in the level of non-
protein-bound sulfhydryl groups of erythrocytes
enables to assess the degree of stress that affects
the human body, as well as the antioxidant
protection enhancement in patients with
hypertension after taking vitamin E and selenium
both before and after engaging in physical exercise.
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