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Ðåôåðàò
Ìåòà. ²äåíòèô³êóâàòè ïðî´íîñòè÷í³ ôàêòîðè íå-
ïë³ääÿ çà ïîêàçíèêàìè ïðî-/àíòèîêñèäàíòíî¿ ñèñòå-
ìè ó ÷îëîâ³ê³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñò.
Ìàòåð³àë ³ ìåòîäè. Äîñë³äæåííÿ îõîïëþº 67 ïàö³ºí-
ò³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñò. ó â³ö³ â³ä 19 äî
33 ðîê³â, ç ñóïóòíüîþ ñóá- àáî ³íôåðòèëüí³ñòþ âïðî-
äîâæ 1 ðîêó, ÿêà õàðàêòåðèçóâàëàñÿ çì³íàìè ó ñïåð-
ìî´ðàì³ òà/÷è íåïë³ääÿì. ×åðåç 3 ì³ñÿö³ ï³ñëÿ âàðè-
êîöåëåêòîì³¿ îáñòåæåíî 62 ïàö³ºíòè. Êîíòðîëüíó
ãðóïó ñêëàëè 25 ïðàêòè÷íî çäîðîâèõ ÷îëîâ³ê³â ó â³ö³
â³ä 19 äî 33 ðîê³â. Ïðè á³îõ³ì³÷íèõ äîñë³äæåííÿõ âè-
çíà÷àëè àêòèâí³ñòü åíçèì³â ïðî-/àíòèîêñèäàíòíî¿ ñèñ-
òåìè ó ñèðîâàòö³ êðîâ³ êóá³òàëüíî¿ ³ ÿº÷êîâî¿ âåí, à òà-
êîæ ó ñïåðìàòîçî¿äàõ. Çîêðåìà, âèçíà÷àëè àêòèâíîñò³
ãëóòàò³îíïåðîêñèäàçè, ãëóòàò³îíðåäóêòàçè òà ãëóòà-
ò³îíòðàíñôåðàçè, êîíöåíòðàö³¿ â³äíîâëåíîãî ãëóòàò³î-
íó òà ìàëîíîâîãî ä³àëüäåã³äó. Îêð³ì öüîãî, â ñïåðìà-
òîçî¿äàõ âèâ÷àëè àêòèâíîñò³ àðã³íàçè, êîíñòèòóòèâíî¿
òà ³íäóöèáåëüíî¿ ³çîôîðì ñèíòàçè îêñèäó àçîòó, àêòèâ-
íîñò³ ³îí-òðàíñïîðòóâàëüíèõ ñèñòåì íàòð³é, êàë³ºâî¿
òà êàëüö³é, ìà´í³ºâî¿ àäåíîçèíòðèôîñôàòàç.
Ðåçóëüòàòè é îáãîâîðåííÿ. Ó õâîðèõ íà ë³âîá³÷íå âà-
ðèêîöåëå ²²-²²² ñò. àêòèâí³ñòü åíçèì³â ãëóòàò³îíîâî¿
àíòèîêñèäàíòíî¿ ñèñòåìè òà êîíöåíòðàö³¿ ìàëîíî-
âîãî ä³àëüäåã³äó ³ â³äíîâëåíîãî ãëóòàò³îíó ó ñèðîâàò-
ö³ âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè ÷îëîâ³ê³â ç âàðèêîöåëå
²²-²²² ñò. õàðàêòåðèçóâàëèñÿ êàðäèíàëüíèìè â³äì³í-
íîñòÿìè ùîäî ãðóï ïîð³âíÿííÿ. Òàê, ä³à´íîñòîâàíî
ñòàòèñòè÷íî âèñîêîçíà÷óùå çíèæåííÿ êîíöåíòðàö³¿
åíçèì³â ãëóòàò³îí-ïåðîêèñäàçíî¿ ñèñòåìè òà â³äíîâ-
ëåíîãî ãëóòàò³îíó â ñèðîâàòö³ âíóòð³øíüî¿ ñ³ì'ÿíî¿
âåíè íà ôîí³ â³ðîã³äíîãî çðîñòàííÿ ð³âíÿ ìàëîíîâîãî
ä³àëüäåã³äó â ïîð³âíÿíí³ ç êîíöåíòðàö³ÿìè öèõ ïîêàç-
íèê³â ó ñèðîâàòö³ ïåðèôåðè÷íî¿ âåíîçíî¿ êðîâ³, à òèì
á³ëüøå ç íîðìîþ. Òîìó ³ ROC-àíàë³ç àêòèâíîñò³ âè-
ùåíàâåäåíèõ åíçèì³â ïðî-/àíòèîêñèäàíòíî¿ ñèñòåìè
ó ñèðîâàòö³ êðîâ³ ç âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè ïàö³ºí-
ò³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñòóïåí³â âèÿâèâ ïåâí³
çàêîíîì³ðíîñò³. Êîíöåíòðàö³¿ ôåðìåíò³â ãëóòàò³îí-
ïåðîêèñäàçíî¿ ñèñòåìè òà â³äíîâëåíîãî ãëóòàò³îíó
ó ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-
²²² ñò. çà àíàëî´³ºþ äî â³äì³ííîñòåé, ÿê³ ñïîñòåð³ãà-
ëèñÿ ó ñèðîâàòö³ âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè öèõ æå
ïàö³ºíò³â, õàðàêòåðèçóâàëèñÿ ñóòòºâèì â³äñòàâàí-
íÿì â³ä ïîêàçíèê³â ó ïðàêòè÷íî çäîðîâèõ ÷îëîâ³ê³â.
Íàòîì³ñòü ð³âåíü ìàëîíîâîãî ä³àëüäåã³äó ñòàòèñ-
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òè÷íî âèñîêîçíà÷óùî ïåðåâèùóâàâ íîðìó. Îòðèìàí³
ðåçóëüòàòè ï³äòâåðäæóþòü òåçó ïðî âèñíàæåííÿ
êîìïåíñàòîðíèõ ìåõàí³çì³â ãëóòàò³îíîâî¿ àíòèîê-
ñèäàíòíî¿ ñèñòåìè òà ï³äâèùåííÿ ³íòåíñèâíîñò³ ë³-
ïîïåðîêñèäíèõ ïðîöåñ³â ó ñïåðìàòîçî¿äàõ ÷îëîâ³ê³â ç
ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñò. Äî ïðî´íîñòè÷íèõ
ïðåäèêòîð³â ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ ó ÷îëîâ³-
ê³â ç âàðèêîöåëå ²²-²²² ñò. ñë³ä â³äíåñòè çíèæåííÿ ó
ñèðîâàòö³ âíóòð³øíüî¿ ÿº÷êîâî¿ âåíè àêòèâíîñò³ ãëó-
òàò³îíïåðîêñèäàçè ≤148,55 íìîëü GSH/õâ·´ Hb, ãëó-
òàò³îíðåäóêòàçè ≤32,7 ìêìîëü NADPH/õâ·´ Hb òà
ãëóòàò³îíòðàíñôåðàçè ≤137 íìîëü GSH/õâ·´ Hb, à
òàêîæ â³äíîâëåíîãî ãëóòàò³îíó ≤0,85 ììîëü/ë ïðè
çðîñòàíí³ ìàëîíîâîãî ä³àëüäåã³äó ïîíàä 7,9 ìêìîëü/ë.
Íàéá³ëüø çíà÷íèìè ïðåäèêòîðàìè ³ìîâ³ðíîñò³ ðîç-
âèòêó íåïë³ääÿ ó ÷îëîâ³ê³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-
²²² ñò. çàðåêîìåíäóâàëè ñåáå àêòèâíîñò³ òàêèõ ôåð-
ìåíò³â ó ñïåðìàòîçî¿äàõ ÿê àðã³íàçà òà ³íäóöèáåëüíà
ñèíòàçà îêñèäó àçîòó ç òî÷êàìè â³äñ³êàííÿ - â³äïîâ³ä-
íî ≤46 íìîëü ñå÷îâèíè/õâ ì´ ïðîòå¿íó òà >1,2 ïìîëü
öèòðóë³íó/õâ·ì´ ïðîòå¿íó. Íå´àòèâíèé âïëèâ ÀÔÊ íà
ÿê³ñòü åÿêóëÿòó çàëèøàºòüñÿ äîñòàòíüî àêòóàëü-
íèì ïèòàííÿì. Òîìó ïðàêòè÷íå çàñòîñóâàííÿ äàíèõ
ùîäî ïîðóøåíü àíòèîêñèäàíòíî¿ ð³âíîâàãè ó ïàö³-
ºíò³â ç âàðèêîöåëå ïîòðåáóº ïîäàëüøîãî, á³ëüø äå-
òàëüíîãî âèâ÷åííÿ.
Âèñíîâêè. Âàðèêîçíå ðîçøèðåííÿ âåí ñ³ì'ÿíîãî êà-
íàòèêà ç ðîçâèòêîì òåñòèêóëÿðíî¿ (ñåêðåòîðíî¿) íå-
ïë³äíîñò³ ïðèçâîäèòü äî âèñíàæåííÿ ôåðìåíò³â àí-
òèîêñèäàíòíîãî çàõèñòó òà çðîñòàííÿ àêòèâíîñò³
ïðîîêñèäàíò³â ó ñèðîâàòö³ âåíîçíî¿ êðîâ³ ÿº÷êà ³ ñïåð-
ìàòîçî¿äàõ. Ïîêàçíèêè ïðî-/àíòèîêñèäàíòíî¿ ñèñòå-
ìè çàðåêîìåíäóâàëè ñåáå ÿê ïðåäèêòîðè ðîçâèòêó íå-
ïë³ääÿ ó ïàö³ºíò³â ç âàðèêîöåëå.
Êëþ÷îâ³ ñëîâà: âàðèêîöåëå, íåïë³ääÿ, ïðî/àíòèîê-
ñèäàíòíà ñèñòåìà, ïðî´íîñòè÷í³ ôàêòîðè

Abstract
INFERTILITY PROGNOSTIC FACTORS OF THE
PRO-/ANTIOXIDANT SYSTEM IN PATIENTS WITH
VARICOCELE

NAKONECHNY² Y.A.
The Danylo Halytsky National Medical University in Lviv

Aim. To identify infertility prognostic factors of the pro-
/ antioxidant system in men with left-side varicocele grade
II-III.
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Materials and methods. The trial includes 67 patients
with left-side varicocele grade II-III and concomitant
changes in spermogram and / or infertility. During the
follow up, three months after varicocelectomy, 62 patients
were reexamined. The control group consisted of 25
virtually healthy men aged 19 to 33 years. Enzymes
activity of pro-/antioxidant system in the blood plasma
from periferal and from testicular veins, as well as in the
spermatozoa were measured, before and 3 months after
varicocelectomy. In particular, the activity of glutathione
peroxidase, glutathione reductase and glutathione
transferase, the concentration of reduced glutathione and
malonic dialdehyde were determined. In addition, the
activity of arginase, constitutive and inducible isoforms
of nitric oxide synthase, the activity of ion-transport
systems of sodium, potassium and calcium, magnesium
adenosine triphosphatase in the spermatozoa were
studied.
Results and Discussion. The activity of glutathione
antioxidant enzymes and the concentration of malonic
dialdehyde as well as reduced glutathione in the serum
of the internal spermatic veins in men with left side
varicocele grade II-III were significantly different in
comparison groups. Thus, a statistically significant
reduction in the concentration  of the glutathione-
peroxidase system enzymes and of reduced glutathione
in the serum of the internal spermatic vein were observed
against the background of a reliable increase in the level
of malonic dialdehyde compared with the concentrations
of these parameters in serum of peripheral venous blood,
and even more so with norm. Therefore, the ROC analysis
of the above enzymes' activity of the pro-/antioxidant
system in serum from the internal spermatic vein of
patients with left side varicocele grade II-III revealed
certain patterns. Concentrations of glutathione-
peroxidase system enzymes and reduced glutathione in
spermatozoa of patients with left side varicocele grade
II-III by analogy with the differences observed in the
serum of the internal spermatic vein of these same
patients, were characterized by a significant lag behind
the rates in practically healthy men. In contrast, the level
of malonic dialdehyde statistically significantly exceeded
the norm. The obtained results confirm the thesis about
the exhaustion of the compensatory mechanisms of the
glutathione antioxidant system and increase the intensity
of lipoperoxidic processes in spermatozoa in men with
left-side varicocele grade II-III. The reduction in serum
of the internal testicular vein of glutathione peroxidase
activity to ≤148,55 nmol GSH/min·g Hb, of glutathione
reductase to ≤32.7 mcmol NADPH/min·g Hb, and
glutathione transferase to ≤137 nmol GSH/min·g Hb, as
well as reduced glutathione to ≤0.85 mmol/l with
malondialdehyde growth greater than 7,9 mcmol/l should
be attributed to the prognostic predictors of the
probability of infertility development in patients with left-
side varicocele grade II-III. Results showed, that the most

significant predictors of the probability of infertility
development in spermatozoa were decreased activities
of arginase ≤46 pmol citrulline/min ·1 mg protein and
inducible nitric oxide synthase >1,2 pmol citrulline/min·1
mg protein.
Conclusions. The negative influence of the reactive
oxygen species on the quality of the ejaculate remains a
relevant issue. Therefore, the practical application of the
data about antioxidant imbalance in patients with
varicocele requires further, more detailed study. Changes
in fertility status in patients with varicocele leads to
decreased levels of antioxidant and increased levels of
prooxidant enzymes in the blood and spermatozoa wich
can be used as a predictors of male infertility. Indicators
of the pro-/antioxidant system have proven themselves
as predictors of infertility in patients with varicocele.
Key words: varicocele, infertility, pro-/antioxidant
system, prognostic factors

Âñòóï
Îêñèäàòèâíèé ñòðåñ - óí³âåðñàëüíèé ìåõà-
í³çì óøêîäæåííÿ êë³òèí ïðè ð³çíèõ ïàòîëî-
´³ÿõ, çîêðåìà ïðè íåïë³ää³ ÷îëîâ³ê³â [1]. Òàê,
óðàæåííÿ ñïåðìàòîçî¿ä³â àêòèâíèìè ôîðìà-
ìè êèñíþ (ÀÔÊ) ñïîñòåð³ãàºòüñÿ ó 30-80%
÷îëîâ³ê³â ç ïîðóøåííÿìè ôåðòèëüíîñò³ [2, 6].
Ñàìå ã³ïåðïðîäóêö³ÿ ÀÔÊ º îäí³ºþ ç ïðîâ³ä-
íèõ ïðè÷èí íåïë³ääÿ ó ïàö³ºíò³â ç âàðèêîöåëå
[1, 2, 6, 13].

Òîìó ä³à´íîñòèêà òà àíàë³ç áàëàíñó àê-
òèâíîñò³ ïðî- òà àíòèîêñèäàíòíèõ åíçèì³â äî-
çâîëÿº ïðî´íîçóâàòè ôåðòèëüí³ñòü íå ò³ëüêè
ïðè ïàòîëî´³÷íèõ çì³íàõ â åÿêóëÿò³, àëå ³ â
óìîâàõ íîðìîñïåðì³¿ [1]. Âðàõîâóþ÷è ïðî´ðå-
ñèâíå ïîã³ðøåííÿ ôóíêö³¿ ÿº÷îê ïðè âàðèêî-
öåëå, âàæëèâèì º ïîøóê ðàíí³õ òà åôåêòèâ-
íèõ ä³à´íîñòè÷íèõ êðèòåð³¿â, ÿê³ á äîïîìîãëè
çáåðåãòè ôåðòèëüí³ñòü [2, 5, 6, 9].

Ìàòåð³àë ³ ìåòîäè
Äîñë³äæåííÿ îõîïëþº 67 ïàö³ºíò³â ç ë³âîá³÷-
íèì âàðèêîöåëå ²²-²²² ñò. ó â³ö³ â³ä 19 äî 33
ðîê³â, ÿêå êëàñèô³êóâàëè çà L. Dubin, R.D.
Amelar (1970). Âàðèêîöåëå ²² ñò. âèçíà÷àºòüñÿ
ó ñïîêî¿ ëèøå ïàëüïàòîðíî, à ²²² ñò. - â³çóàëüíî
òà ïàëüïàòîðíî ó ñòàí³ ñïîêîþ. Îáîâ'ÿçêîâèì
êðèòåð³ºì âêëþ÷åííÿ ñëóãóâàëà ñóïóòíÿ ñóá-
àáî ³íôåðòèëüí³ñòü âïðîäîâæ 1 ðîêó, ÿêà õà-
ðàêòåðèçóâàëàñÿ çì³íàìè ó ñïåðìî´ðàì³ òà/÷è
â³äñóòí³ñòþ íàñòàííÿ âàã³òíîñò³ âïðîäîâæ ïî-
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íàä 1 ð³ê áåç çàñòîñóâàííÿ çàñîá³â êîíòðàöåï-
ö³¿. Îäðóæåíèõ ÷îëîâ³ê³â âêëþ÷àëè ó äîñë³-
äæåííÿ ò³ëüêè ç ï³äòâåðäæåíèì çàäîâ³ëüíèì
ôåðòèëüíèì ñòàòóñîì ¿õ æ³íîê. Íàòîì³ñòü íå
âêëþ÷àëè ïàö³ºíò³â ç³ ñóïóòíüîþ ïàòîëî´³ºþ,
ÿêà ìîãëà á âïëèâàòè íà ïë³äí³ñòü. ×åðåç 3 ì³-
ñÿö³ ï³ñëÿ âàðèêîöåëåêòîì³¿ îáñòåæåíî 62 ïà-
ö³ºíòè. Êîíòðîëüíó ãðóïó ñêëàëè 25 ïðàêòè÷-
íî çäîðîâèõ ÷îëîâ³ê³â ó â³ö³ â³ä 19 äî 33 ðîê³â.

Ïðè á³îõ³ì³÷íèõ äîñë³äæåííÿõ âèçíà-
÷àëè àêòèâí³ñòü åíçèì³â ïðî-/àíòèîêñèäàíò-
íî¿ ñèñòåìè ó ñèðîâàòö³ êðîâ³ êóá³òàëüíî¿ ³
ÿº÷êîâî¿ âåí, à òàêîæ ó ñïåðìàòîçî¿äàõ. Çî-
êðåìà, âèçíà÷àëè àêòèâíîñò³ ãëóòàò³îíïåðîê-
ñèäàçè (GP), ãëóòàò³îíðåäóêòàçè (GR) ³ ãëó-
òàò³îíòðàíñôåðàçè (GT), êîíöåíòðàö³¿ â³äíîâ-
ëåíîãî ãëóòàò³îíó (GSH) òà ÌDÀ. Îêð³ì öüî-
ãî, â ñïåðìàòîçî¿äàõ âèâ÷àëè àêòèâíîñò³ àð-
ã³íàçè (Arg), êîíñòèòóòèâíî¿ (cNOS) òà ³íäó-
öèáåëüíî¿ (iNOS) ³çîôîðì ñèíòàçè îêñèäó
àçîòó, àêòèâíîñò³ ³îí-òðàíñïîðòóâàëüíèõ ñèñ-
òåì íàòð³é, êàë³ºâî¿ (Na+,K+-ÀÒPase) òà êàëü-
ö³é, ìàãí³ºâî¿ àäåíîçèíòðèôîñôàòàç
(Ñà2+,Ìg2+-ÀÒPase). Äëÿ ðîçêðèòòÿ ëàòåíòíèõ
åíçèìàòè÷íèõ àêòèâíîñòåé âèêîðèñòîâóâàëè
ïåðìåàá³ë³çóþ÷èé à´åíò - ñàïîí³í.

Ñòàòèñòè÷íå îïðàöþâàííÿ ïðîâåäåíî ³ç
âèêîðèñòàííÿì êîìåðö³éíîãî ñòàòèñòè÷íîãî
ïàêåòó ïðèêëàäíèõ ïðî´ðàì STATISTICA 10.0
(StatSoft Inc. USA) òà ³íòåðíåò-ïîðòàëó "Ìå-
äèöèíñêàÿ ñòàòèñòèêà" http://medstatistic.ru/
calculators/calcrisk.html, "Free statistical
calculators" MedCalc, MedCalc Software.

Äëÿ îö³íêè ä³à´íîñòè÷íî¿ çíà÷óùîñò³
ìåòîäèê âèêîðèñòîâóâàëè ñïåö³àëüíèé ð³çíî-
âèä ëî´³ñòè÷íî¿ ðå´ðåñ³¿ ROC-àíàë³ç (receiver
operator characteristic curve). ÿêèé îïåðóº 2
êëàñàìè ïîä³é - ç ïîçèòèâíèìè ³ íå´àòèâíèìè
ðåçóëüòàòàìè. ×àñòêà ³ñòèííî ïîçèòèâíèõ âè-
ïàäê³â íàçèâàºòüñÿ "÷óòëèâ³ñòü" (Se), à ³ñòèí-
íî íå´àòèâíèõ - "ñïåöèô³÷í³ñòü" (Sp). ROC-
êðèâà ïîêàçóº çàëåæí³ñòü ê³ëüêîñò³ â³ðíî êëà-
ñèô³êîâàíèõ ïîçèòèâíèõ ðåçóëüòàò³â â³ä ê³ëü-
êîñò³ íåâ³ðíî êëàñèô³êîâàíèõ íå´àòèâíèõ. Çà
ïëîùåþ ï³ä êðèâîþ - AUC (Area Under Curve)
îö³íþâàëè ÿê³ñòü ìîäåë³: 0,9-1,0 - â³äì³ííà,
0,8-0,9 - äóæå äîáðà, 0,7-0,8 - äîáðà, 0,6-0,7 -

ñåðåäíÿ òà 0,5-0,6 - íåçàäîâ³ëüíà. Ð³âåíü ñòà-
òèñòè÷íî¿ çíà÷óùîñò³ ùîäî AUC=0,5 ñòàíî-
âèâ ð<0,001. Äëÿ ïîêàçíèê³â AUC îá÷èñëþ-
âàëè äîâ³ð÷èé ³íòåðâàë (Ä²) ç ³ìîâ³ðí³ñòþ
95%, ïîð³âíÿííÿ ÿêèõ äîçâîëÿº ñòðîãî âñòà-
íîâèòè ñòàòèñòè÷íó çíà÷óù³ñòü â³äì³ííîñòåé
ROC-êðèâèõ. Ïîêàçíèê ïîäàâàëè ó ôîðìàò³
[L-U], äå L - lower (íèæíÿ) òà U - upper (âåðõ-
íÿ) ìåæà Ä².

Ïðè ROC-àíàë³ç³ ïåðåäáà÷àºòüñÿ, ùî
ó äîñë³äæóâàíî¿ íåçàëåæíî¿ çì³ííî¿ º îïòè-
ìàëüíèé ïîð³ã (optimal cut-off value) - ÎC,
ÿêèé õàðàêòåðèçóº îïòèìàëüíå ñï³ââ³äíîøåí-
íÿ ÷óòëèâîñò³ òà ñïåöèô³÷íîñò³. Äëÿ îïòè-
ìàëüíîãî ïîðîãó â³äñ³êàííÿ âèçíà÷àëè  ïðî-
´íîñòè÷íó ö³íí³ñòü òåñòó (+/-PV - predictive
value) - ³ìîâ³ðí³ñòü íàÿâíîñò³/â³äñóòíîñò³ çà-
õâîðþâàííÿ ïðè â³äîìîìó ðåçóëüòàò³ äîñë³-
äæåííÿ, à òàêîæ â³äíîøåííÿ ïðàâäîïîä³áíîñ-
ò³ ïîçèòèâíîãî (+LR) ³ íå´àòèâíîãî (-LR) ðå-
çóëüòàò³â òåñòó.

Ðåçóëüòàòè é îáãîâîðåííÿ
Ó õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò. àê-
òèâí³ñòü åíçèì³â ãëóòàò³îíîâî¿ àíòèîêñèäàíò-
íî¿ ñèñòåìè òà êîíöåíòðàö³¿ MDA ³ GSH ó ñè-
ðîâàòö³ ïåðèôåðè÷íî¿ êðîâ³ ìàéæå íå â³äð³ç-
íÿëèñÿ â³ä ïîêàçíèê³â ó ïðàêòè÷íî çäîðîâèõ
÷îëîâ³ê³â. Íàâ³òü êë³í³÷íî âèðàæåíå ë³âîá³÷íå
âàðèêîöåëå, ÿêå ñóïðîâîäæóâàëîñÿ ðîçâèòêîì
ñåêðåòîðíî¿ íåïë³äíîñò³, í³ÿêèì ÷èíîì íå
â³äîáðàæàëîñÿ íà ñèñòåì³ ïðî-/àíòèîêñèäàíò-
íîãî çàõèñòó çà ðåçóëüòàòàìè á³îõ³ì³÷íèõ ïî-
êàçíèê³â ç êóá³òàëüíî¿ âåíè. Îäíàê âèùåâêà-
çàí³ á³îõ³ì³÷í³ ïîêàçíèêè ó ñèðîâàòö³ âíóò-
ð³øíüî¿ ñ³ì'ÿíî¿ âåíè ÷îëîâ³ê³â ç âàðèêîöåëå
²²-²²² ñò. óæå õàðàêòåðèçóâàëèñÿ êàðäèíàëüíè-
ìè â³äì³ííîñòÿìè ùîäî ãðóï ïîð³âíÿííÿ. Òàê,
ä³à´íîñòîâàíî ñòàòèñòè÷íî âèñîêîçíà÷óùå
çíèæåííÿ êîíöåíòðàö³¿ åíçèì³â ãëóòàò³îí-
ïåðîêèñäàçíî¿ ñèñòåìè òà GSH ó ñèðîâàòö³
âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè íà ôîí³ â³ðîã³äíîãî
çðîñòàííÿ ð³âíÿ MDA â ïîð³âíÿíí³ ç êîíöåíò-
ðàö³ÿìè öèõ ïîêàçíèê³â ó ñèðîâàòö³ ïåðèôå-
ð³éíî¿ âåíîçíî¿ êðîâ³, à òèì á³ëüøå ç íîðìîþ.
Òîìó ³ ROC-àíàë³ç àêòèâíîñò³ âèùåíàâåäåíèõ
åíçèì³â ïðî-/àíòèîêñèäàíòíî¿ ñèñòåìè ó ñè-
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ðîâàòö³ êðîâ³ ç âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè ïà-
ö³ºíò³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñòóïåí³â
âèÿâèâ ïåâí³ çàêîíîì³ðíîñò³ (òàáë. 1).

Ïðè ROC-àíàë³ç³ àêòèâíîñò³ ãëóòà-
ò³îíðåäóêòàçè ó ñèðîâàòö³ êðîâ³ ç âíóòð³øíüî¿
ñ³ì'ÿíî¿ âåíè õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå
²²-²²² ñòóïåí³â ñòîñîâíî çäîðîâèõ ÷îëîâ³ê³â
îòðèìàíî â³äì³ííó ÿê³ñòü ìîäåë³ ç ìàêñèìàëü-
íîþ ïëîùåþ ï³ä êðèâîþ ROC-àíàë³çó íà ð³â-
í³ 1,0 [0,96-1,0] ³ çðîçóì³ëî ñòàòèñòè÷íî âè-
ñîêîçíà÷óùèìè â³äì³ííîñòÿìè - p<0,001. Îï-
òèìàëüíèé ïîð³ã äëÿ àêòèâíîñò³ ãëóòàò³îíðå-
äóêòàçè ùîäî ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàô³êñîâàíî íà ð³âí³ ≤32,7 ìêìîëü NADPH/
õâ·´ Hb. Â³í õàðàêòåðèçóâàâñÿ ìàêñèìàëüíè-

ìè ñïåöèô³÷í³ñòþ ³ ïðî´íîñòè÷íîþ ö³íí³ñòþ
ïîçèòèâíèõ ðåçóëüòàò³â ä³à´íîñòè÷íèõ òåñò³â -
100 [94,6-100], à òàêîæ ÷óòëèâ³ñòþ òà ïðî-
´íîñòè÷íîþ ö³íí³ñòþ íå´àòèâíèõ ðåçóëüòàò³â
òåñò³â - 100 [86,3-100]. Â³äíîøåííÿ ïðàâäî-
ïîä³áíîñò³ íå´àòèâíèõ ðåçóëüòàò³â òåñò³â áóëî
ïðàêòè÷íî ³äåàëüíèì <0,001 (òàáë. 1, ðèñ. 1).

ROC-àíàë³ç àêòèâíîñò³ ãëóòàò³îí-
òðàíñôåðàçè ó ñèðîâàòö³ êðîâ³ âíóòð³øíüî¿
ñ³ì'ÿíî¿ âåíè òàêîæ äàâ â³äì³ííó ÿê³ñòü ìîäåë³
ç ïëîùåþ ï³ä êðèâîþ 0,997 [0,95-1,0],
p<0,001. Ïîð³ã â³äñ³êàííÿ åíçèìó ñêëàâ ≤137
íìîëü GSH/õâ·´ Hb ïðè ìàêñèìàëüíèõ ñïå-
öèô³÷íîñò³ - 100 [86,3-100] òà ïðî´íîñòè÷íîñ-
ò³ ïîçèòèâíîãî ðåçóëüòàòó ä³à´íîñòè÷íîãî òåñ-
òó - 100 [94,6-100], à òàêîæ âèñîêèõ ÷óòëè-
âîñò³ - 98,5 [92-100] òà ïðî´íîñòè÷í³é ö³ííîñ-
ò³ íå´àòèâíîãî ðåçóëüòàòó òåñòó - 96,2 [80,4-
99,9]. Ï³äòâåðäæåííÿì öüîìó ñëóãóâàëî ³ âè-
ñîêå â³äíîøåííÿ ïðàâäîïîä³áíîñò³ ïîçèòèâ-
íîãî ðåçóëüòàòó òåñòó - 0,015 [0,002-0,1] (òàáë.
1, ðèñ. 2).

Ìàéæå íà òàêîìó æ ð³âí³ ìè îòðèìàëè
â³äì³ííî¿ ÿêîñò³ ìîäåëü äëÿ àêòèâíîñò³ ãëó-
òàò³îíïåðîêñèäàçè ó ñèðîâàòö³ êðîâ³ âíóòð³ø-
íüî¿ ñ³ì'ÿíî¿ âåíè. Ïëîùà ï³ä êðèâîþ ñòàíî-
âèëà 0,995 [0,95-0,999], p<0,001, à ïîð³ã â³ä-
ñ³êàííÿ ≤148,55 íìîëü GSH/õâ·´ Hb. Éîãî
÷óòëèâ³ñòü ³ ïðî´íîñòè÷í³ñòü íå´àòèâíîãî ðå-
çóëüòàòó òåñòó áóëè ìàêñèìàëüíèìè - â³äïî-
â³äíî 100 [94,6-100] òà 100 [85,8-100] ïðè òà-
êîæ âèñîêèõ ñïåöèô³÷íîñò³ ³ ïðî´íîñòè÷í³é
ö³ííîñò³ ïîçèòèâíîãî ðåçóëüòàòó òåñòó - 96
[79,6-99,9] òà 98,5 [92,1-100]. Â³äíîøåííÿ
ïðàâäîïîä³áíîñò³ ïîçèòèâíîãî ðåçóëüòàòó

Òàáëèöÿ 1
ROC-àíàë³ç á³îõ³ì³÷íèõ ïîêàçíèê³â ó ñèðîâàòö³ âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè

õâîðèõ íà âàðèêîöåëå ²²-²²² ñòóïåí³â

* - p<0,001, ð³âåíü çíà÷óùîñò³ ùîäî AUC=0,5

Ðèñ. 1
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ

çàëåæíî â³ä àêòèâíîñò³ ãëóòàò³îíðåäóêòàçè ó
ñèðîâàòö³ êðîâ³ ç âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè õâîðèõ

íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.

Показник 
svGP, 

нмоль GSH/ 
хв×ґ Hb 

svGR, 
мкмоль NADPH/ 

хв×ґ Hb 

svGT, 
нмоль GSH/ 
хв×ґ Hb 

svMDA, 
мкмоль/л 

svGSH, 
ммоль/л 

AUC 95% CI 0,995* [0,95-0,999] 1,0* [0,96-1,0] 0,997* [0,95-1,0] 0,86* [0,77-0,92] 0,89* [0,81-0,95] 
ÎC ≤148,55 ≤32,7 ≤137 >7,9 ≤0,85 
Se 95% CI 100 [94,6-100] 100 [94,6-100] 98,5 [92-100] 59,7 [47-71,5] 62,7 [50-74,2] 
Sp 95% CI 96 [79,6-99,9] 100 [86,3-100] 100 [86,3-100] 96 [79,6-99,9] 100 [86,3-100] 
+LR 95% CI 25 [3,7-170,6] – – 14,93 [2,2-102,9] – 
-LR 95% CI <0,001 <0,001 0,015 [0,002-0,1] 0,42 [0,3-0,6] 0,37 [0,3-0,5] 
+PV 95% CI 98,5 [92,1-100] 100 [94,6-100] 100 [94,6-100] 97,6 [87,1-99,9] 100 [91,6-100] 
-PV 95% CI 100 [85,8-100] 100 [86,3-100] 96,2 [80,4-99,9] 47,1 [32,9-61,5] 50 [35,5-64,5] 
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òåñòó äàëî çàäîâ³ëüíèé ðåçóëüòàò - 25 [3,7-
170,6], à íå´àòèâíîãî ïðàêòè÷íî ³äåàëüíèé
<0,001 (òàáë. 1, ðèñ. 3).

Êîíöåíòðàö³¿ ôåðìåíò³â ãëóòàò³îí-
ïåðîêèñäàçíî¿ ñèñòåìè ³ GSH ó ñïåðìàòîçî¿-
äàõ õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.
çà àíàëî´³ºþ äî â³äì³ííîñòåé, ÿê³ ñïîñòåð³-
ãàëèñÿ ó ñèðîâàòö³ âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè
öèõ æå ïàö³ºíò³â, õàðàêòåðèçóâàëèñÿ ñóòòº-
âèì â³äñòàâàííÿì â³ä ïîêàçíèê³â ó ïðàêòè÷íî
çäîðîâèõ ÷îëîâ³ê³â. Íàòîì³ñòü ð³âåíü MDA
ñòàòèñòè÷íî âèñîêîçíà÷óùî ïåðåâèùóâàâ
íîðìó. Îòðèìàí³ ðåçóëüòàòè ï³äòâåðäæóþòü
òåçó ïðî âèñíàæåííÿ êîìïåíñàòîðíèõ ìåõà-
í³çì³â ãëóòàò³îíîâî¿ àíòèîêñèäàíòíî¿ ñèñòå-
ìè òà ï³äâèùåííÿ ³íòåíñèâíîñò³ ë³ïîïåðîê-
ñèäíèõ ïðîöåñ³â ó ñïåðìàòîçî¿äàõ ÷îëîâ³ê³â
ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñò.

²ñòîòíå çðîñòàííÿ âì³ñòó MDA, ÿê âòî-
ðèííîãî ïðîäóêòó ïåðîêèñíîãî îêèñíåííÿ ë³-
ï³ä³â, ñâ³ä÷èòü ïðî ³íòåíñèô³êàö³þ â³ëüíîðà-
äèêàëüíèõ ïðîöåñ³â, ùî ïîâ'ÿçàíî ç ï³äâè-
ùåííÿì ð³âíÿ ÀÔÊ, àáî ³íã³áóâàííÿì ñèñòåìè
àíòèîêñèäàíòíîãî çàõèñòó [1, 2, 6]. Òîáòî,
ñòàí îêñèäàòèâíîãî ñòðåñó âèíèêàº ÿê ÷åðåç
ïîñèëåíå óòâîðåííÿ â³ëüíîðàäèêàëüíèõ ñóá-
ñòðàò³â, òàê ³ âíàñë³äîê âèñíàæåííÿ ñèñòåì

àíòèîêñèäàíòíîãî çàõèñòó [1, 2, 13]. Äàí³ ë³-
òåðàòóðè ï³äòâåðäæóþòü çíà÷íå çðîñòàííÿ
ïðîîêñèäàíò³â - ÌDÀ ³ ìîíîîêñèäó àçîòó, à
òàêîæ íàäì³ðíå óòâîðåííÿ NO, ÿêèé ò³ñíî ïî-
â'ÿçàíèé ç ïîðóøåííÿì ñïåðìàòî´åíåçó [8] ïî-
ðÿä ç³ çíèæåííÿì àíòèîêñèäàíò³â â åÿêóëÿò³
ïàö³ºíò³â ç âàðèêîöåëå [8, 13].

ROC-àíàë³ç á³îõ³ì³÷íèõ ìàðêåð³â ó
ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêî-
öåëå ²²-²²² ñò. òàêîæ õàðàêòåðèçóâàâñÿ ïåâíè-
ìè çàêîíîì³ðíîñòÿìè (òàáë. 2, 3). Íàéêðàùó
ÿê³ñòü ìîäåë³ ìè îòðèìàëè çà àêòèâí³ñòþ ìà-
ëîíîâîãî ä³àëüäåã³äó â ñïåðìàòîçî¿äàõ - 0,999
[0,96-1], p<0,001 ç òî÷êîþ â³äñ³êàííÿ >181
íìîëü/ì´ ïðîòå¿íó. Îñòàííÿ õàðàêòåðèçóâàëà-
ñÿ ìàêñèìàëüíèìè ÷óòëèâ³ñòþ - 100 [94,6-
100] òà ïðî´íîñòè÷íîþ ö³íí³ñòþ íå´àòèâíîãî
ðåçóëüòàòó òåñòó - 100 [85,8-100]. Ñïåöèô³÷-
í³ñòü òà ïðî´íîñòè÷í³ñòü ïîçèòèâíîãî ðåçóëü-
òàòó òåñòó äåùî â³äñòàâàëè, õî÷à òàêîæ áóëè
âèñîêèìè - 96 [79,6-99,9] ³ 98,5 [92,1-100].
Â³äíîøåííÿ ïðàâäîïîä³áíîñò³ ïîçèòèâíîãî
ðåçóëüòàòó òåñòó âèÿâèëîñÿ ò³ëüêè çàäîâ³ëü-
íèì - 25 [3,7-170,6], íàòîì³ñòü íå´àòèâíîãî
³äåàëüíèì <0,001 (òàáë. 2, ðèñ. 4).

Àêòèâí³ñòü ãëóòàò³îíïåðîêñèäàçè
ñïåðìàòîçî¿ä³â çà ïëîùåþ ï³ä êðèâîþ õàðàê-

Ðèñ. 2
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàëåæíî â³ä àêòèâíîñò³ ãëóòàò³îíòðàíñôåðàçè ó
ñèðîâàòö³ êðîâ³ ç âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè õâîðèõ

íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.

Ðèñ. 3
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàëåæíî â³ä àêòèâíîñò³ ãëóòàò³îíïåðîêñèäàçè ó

ñèðîâàòö³ êðîâ³ ç âíóòð³øíüî¿ ñ³ì'ÿíî¿ âåíè õâîðèõ
íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.



44

AML XXV 2019  1     DOI: https://doi.org/10.25040/aml2019.01

òåðèçóâàëàñÿ â³äì³ííîþ ÿê³ñòþ ìîäåë³ ç³ ñòà-
òèñòè÷íî âèñîêîçíà÷óùèìè â³äì³ííîñòÿìè -
0,997 [0,96-1], p<0,001. Îïòèìàëüíèé ïîð³ã
àêòèâíîñò³ ãëóòàò³îíïåðîêñèäàçè ùîäî ìîæ-
ëèâîãî ðîçâèòêó íåïë³ääÿ ñêëàâ ?4,7 ìêìîëü
GSH/õâ ì´ ïðîòå¿íó ïðè âèñîêèõ ïîêàçíèêàõ
ñïåöèô³÷íîñò³ - 100 [86,3-100] ³ ÷óòëèâîñò³ -
95,52 [87,5-99,1]. Ïðî´íîñòè÷íà ö³íí³ñòü ïî-
çèòèâíîãî ðåçóëüòàòó òåñòó, ÿê ³ ñïåöèô³÷-
í³ñòü, âèÿâèëàñÿ ìàêñèìàëüíîþ - 100 [94,4-
100], à íå´àòèâíîãî äåùî íèæ÷îþ - 89,3 [71,8-
97,7]. Â³äíîøåííÿ ïðàâäîïîä³áíîñò³ íå´àòèâ-
íîãî ðåçóëüòàòó òåñòó äàëî çàäîâ³ëüíèé ðå-
çóëüòàò - 0,045 [0,01-0,1] (òàáë. 2, ðèñ. 5).

Ïëîùà ï³ä êðèâîþ ROC-àíàë³çó äëÿ
ãëóòàò³îíðåäóêòàçè áóëà íåçíà÷íî ìåíøîþ,

àí³æ äëÿ ãëóòàò³îíïåðîêñèäàçè. Âîíà òàêîæ
äàëà â³äì³ííó ÿê³ñòü ìîäåë³ ç³ ñòàòèñòè÷íî âè-
ñîêîçíà÷óùèìè â³äì³ííîñòÿìè - 0,95 [0,88-
0,98], p<0,001. Òî÷êà â³äñ³êàííÿ àêòèâíîñò³
ãëóòàò³îíðåäóêòàçè ó ñïåðìàòîçî¿äàõ ñòàíî-
âèëà ≤0,39 íìîëü NADPH/õâ·ì´ ïðîòå¿íó. Ïðè
öüîìó, ìè çàðåºñòðóâàëè âèñîêó ñïåöèô³÷-
í³ñòü - 96 [79,6-99,9] òà ùå á³ëüøó ïðî´íîñ-
òè÷íó ö³íí³ñòü ïîçèòèâíîãî ðåçóëüòàòó òåñòó -
98 [89,4-99,9]. ×óòëèâ³ñòü âèÿâèëàñÿ ñåðåä-
íüîþ - 73,13 [60,9-83,2] ç³ ùå ìåíøîþ ïðî-
´íîñòè÷í³ñòþ íå´àòèâíîãî ðåçóëüòàòó òåñòó -
57,1 [41-72,3]. Â³äíîøåííÿ ïðàâäîïîä³áíîñò³
ïîçèòèâíîãî ðåçóëüòàòó òåñòó ìàëî çàäîâ³ëü-
íèé ïîêàçíèê - 18,28 [2,7-125,4], à â³ä'ºìíîãî
ïîñåðåäí³é - 0,28 [0,2-0,4] (òàáë. 2, ðèñ. 6).

Показник 
sGP, 

мкмоль GSH/ 
хв×мґ протеїну 

sGR, 
нмоль NADPH/ 
хв×мґ протеїну 

sGT, 
мкмоль GSH/ 
хв×мґ протеїну 

sMDA, 
нмоль/ 

мґ протеїну 

sGSH, 
пмоль/ 

106 клітин 
AUC 95% CI 0,997* [0,96-1] 0,95* [0,88-0,98] 0,63 [0,52-0,73] 0,999* [0,96-1] 0,88* [0,8-0,94] 
ÎC ≤4,7 ≤0,39 ≤0,44 >181 ≤25 
Se 95% CI 95,52 [87,5-99,1] 73,13 [60,9-83,2] 67,16 [54,6-78,2] 100 [94,6-100] 58,21 [45,5-100] 
Sp 95% CI 100 [86,3-100] 96 [79,6-99,9] 52 [31,3-72,2] 96 [79,6-99,9] 100 [86,3-100] 
+LR 95% CI – 18,28 [2,7-125,4] 1,4 [0,9-2,2] 25 [3,7-170,6] – 
-LR 95% CI 0,045 [0,01-0,1] 0,28 [0,2-0,4] 0,63 [1,0-1,5]] <0,001 0,42 [0,3-0,6] 
+PV 95% CI 100 [94,4-100] 98 [89,4-99,9] 78,9 [66,1-88,6] 98,5 [92,1-100] 100 [91-100] 
-PV 95% CI 89,3 [71,8-97,7] 57,1 [41-72,3] 37,1 [21,3-55,4] 100 [85,8-100] 47,2 [33,3-61,4] 

Òàáëèöÿ 2
ROC-àíàë³ç ïðî-/àíòèîêñèäàíòíèõ ñèñòåì ó ñïåðìàòîçî¿äàõ õâîðèõ íà âàðèêîöåëå ²²-²²² ñòóïåí³â

* - p<0,001, ð³âåíü çíà÷óùîñò³ ùîäî AUC=0,5

Ðèñ. 4
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàëåæíî â³ä êîíöåíòðàö³¿ MDA ó ñïåðìàòîçî¿äàõ

õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.

Ðèñ. 5
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ

çàëåæíî â³ä àêòèâíîñò³ ãëóòàò³îíïåðîêñèäàçè ó
ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.
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ROC-àíàë³ç àêòèâíîñò³ àðã³íàçè òà ³í-
äóöèáåëüíî¿ ñèíòàçè îêñèäó àçîòó ó ñïåðìà-
òîçî¿äàõ ÷îëîâ³ê³â ç ë³âîá³÷íèì âàðèêîöåëå
²²-²²² ñòóïåí³â äàâ ìàêñèìàëüíî â³äì³íí³ ÿêîñ-
ò³ ìîäåëåé, îñê³ëüêè ïëîùà ï³ä êðèâîþ ñêëà-
ëà 1,0 [0,96-1] ç p<0,001 äëÿ ð³âíÿ çíà÷óùîñò³
ùîäî AUC=0,5. Äëÿ àêòèâíîñò³ àðã³íàçè ìè
îòðèìàëè îïòèìàëüíèé ïîð³ã ≤46 íìîëü ñå-
÷îâèíè/õâ·ì´ ïðîòå¿íó, à äëÿ àêòèâíîñò³ ³í-
äóöèáåëüíî¿ ñèíòàçè îêñèäó àçîòó >1,2 ïìîëü
öèòðóë³íó/õâ·ì´ ïðîòå¿íó. Âîíè õàðàêòåðèçó-
âàëèñÿ ìàêñèìàëüíèìè ÷óòëèâ³ñòþ ³ ïðî´íîñ-
òè÷í³ñòþ ïîçèòèâíîãî ðåçóëüòàòó òåñòó - 100
[94,6-100], à òàêîæ ñïåöèô³÷í³ñòþ ³ ïðî´íîñ-
òè÷íîþ ö³íí³ñòþ íå´àòèâíîãî ðåçóëüòàòó òåñ-

òó - 100 [86,3-100] ïðè ïðàêòè÷íî ³äåàëüíîìó
â³äíîøåíí³ ïðàâäîïîä³áíîñò³ ïîçèòèâíîãî
ðåçóëüòàòó òåñòó <0,001 (òàáë. 3, ðèñ. 7, 8).

Â³äì³ííà ÿê³ñòü ìîäåë³ çàô³êñîâàíà ³
çà àêòèâí³ñòþ ³îí-òðàíñïîðòóâàëüíî¿ ñèñòåìè
íàòð³é, êàë³ºâî¿ àäåíîçèíòðèôîñôàòàçè ó
ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêî-
öåëå ²²-²²² ñòóïåí³â. Ïëîùà ï³ä êðèâîþ äîð³â-
íþâàëà 0,996 [0,95-0,999], p<0,001. Îïòè-
ìàëüíèé ïîð³ã ôåðìåíòó çóïèíèâñÿ íà ð³âí³
≤37 íìîëü Ð³/õâ·ì´ ïðîòå¿íó ç âèñîêèìè ÷óò-
ëèâ³ñòþ - 97,01 [89,6-99,6], ñïåöèô³÷í³ñòþ -
96 [79,6-99,9], à òàêîæ ïðî´íîñòè÷íèìè ö³í-
íîñòÿìè ïîçèòèâíîãî - 98,5 [91,8-100] ³ íå´à-
òèâíîãî ðåçóëüòàò³â òåñòó - 92,3 [74,9-99,1].

Òàáëèöÿ 3
ROC-àíàë³ç àðã³íàçíî¿, îêñèäó àçîòó ñèíòàçíî¿ ³ àäåíîçèíòðèôîñôàòàçíèõ ñèñòåì ó ñïåðìàòîçî¿äàõ

÷îëîâ³ê³â ç ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñòóïåí³â

* - p <0,001, ð³âåíü çíà÷óùîñò³ ùîäî AUC=0,5

Ðèñ. 6
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ

çàëåæíî â³ä àêòèâíîñò³ ãëóòàò³îíðåäóêòàçè ó
ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.

Ðèñ. 7
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàëåæíî â³ä àêòèâíîñò³ àðã³íàçè ó ñïåðìàòîçî¿äàõ

õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.

Показник 
Arg, 

нмоль сечовини/ 
хв×мґ протеїну 

cNOS, 
пмоль цитруліну/ 
хв×мґ протеїну 

iNOS, 
пмоль цитруліну/ 
хв×мґ протеїну 

Na+,K+-АТPase, 
нмоль Рі/хв×мґ 

протеїну 

Ca2+,Mg2+-АТPase, 
нмоль Рі/хв×мґ 

протеїну 
AUC 95% CI 1* [0,96-1] 0,99* [0,94-0,999] 1* [0,96-1] 0,996* [0,95-0,999] 0,89* [0,81-0,95] 
ÎC ≤46 ≤4,4 >1,2 ≤37 ≤7,6 
Se 95% CI 100 [94,6-100] 95,52 [87,5-99,1] 100 [94,6-100] 97,01 [89,6-99,6] 64,18 [51,5-75,5] 
Sp 95% CI 100 [86,3-100] 92 [74-99] 100 [86,3 -100] 96 [79,6-99,9] 100 [86,3-100] 
+LR 95% CI – 11,4 [3,2-45,2] – 24,25 [3,6-165,6] – 
-LR 95% CI <0,001 0,049 [0,02-0,1] <0,001 0,031 [0,008-0,1] 0,36 [0,3-0,5] 
+PV 95% CI 100 [94,6-100] 97 [89,5-99,6] 100 [94,6-100] 98,5 [91,8-100] 100 [91,8-100] 
-PV 95% CI 100 [86,3-100] 88,5 [69,8-100] 100 [86,3 -100] 92,3 [74,9-99,1] 51 [36,3-65,6] 
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Â³í õàðàêòåðèçóâàâñÿ çàäîâ³ëüíèìè â³äíî-
øåííÿìè ïðàâäîïîä³áíîñò³ ïîçèòèâíîãî -
24,25 [3,6-165,6] ³ íå´àòèâíîãî ðåçóëüòàòó òåñ-
òó - 0,031 [0,008-0,1] (òàáë. 3, ðèñ. 9).

Äåùî íèæ÷ó ïëîùó ï³ä êðèâîþ ROC-
àíàë³çó, àëå òàêîæ â³äì³ííó, ìè îòðèìàëè çà
àêòèâí³ñòþ êîíñòèòóòèâíî¿ ñèíòàçè îêñèäó
àçîòó ó ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå
âàðèêîöåëå ²²-²²² ñòóïåí³â - 0,99 [0,94-0,999],
p<0,001. Òî÷êà â³äñ³êàííÿ öüîãî ôåðìåíòó
ñêëàëà ≤4,4 ïìîëü öèòðóë³íó/õâ ì´ ïðîòå¿íó
ç âèñîêèìè ÷óòëèâ³ñòþ - 95,52 [87,5-99,1] òà
ñïåöèô³÷í³ñòþ - 92 [74-99] ³ â³äïîâ³äíî ïðî-
´íîñòè÷íèìè ö³ííîñòÿìè ïîçèòèâíîãî - 97
[89,5-99,6] ³ íå´àòèâíîãî ðåçóëüòàò³â òåñòó -
88,5 [69,8-97,6]. Çàäîâ³ëüíèìè âèÿâèëèñÿ â³ä-
íîøåííÿ ïðàâäîïîä³áíîñò³ ïîçèòèâíîãî -
11,94 [3,2-45,2] òà íå´àòèâíîãî ðåçóëüòàòó òåñ-
òó - 0,049 [0,02-0,1] (òàáë. 3, ðèñ. 10).

Ó ÷îëîâ³ê³â ç âàðèêîöåëå îêñèäàòèâ-
íèé ñòðåñ ñïðè÷èíþº íåïë³ääÿ çà ðàõóíîê âè-
â³ëüíåííÿ îêñèäó àçîòó (NO) åíäîòåë³àëü-
íèìè êë³òèíàìè äèëÿòîâàíèõ âåí ñ³ì'ÿíîãî
êàíàòèêà ³ óòâîðåííÿ ïåðîêñèí³òðèòó âíàñë³-
äîê ðåàêö³¿ ç ñóïåðîêñèäíèì ðàäèêàëîì, ÿê³
ïðèçâîäÿòü äî îêñèäàòèâíîãî ïîøêîäæåííÿ

ãàìåò [8]. Íà äàíèé ÷àñ ï³äòâåðäæåíî, ùî õâî-
ðèì íà âàðèêîöåëå ïðèòàìàííèé îêñèäàòèâ-
íèé ñòðåñ [2, 6], ï³äâèùåíà ïðîäóêö³ÿ ÀÔÊ,
äåô³öèò àíòèîêñèäàíòíî¿ ñèñòåìè ó ñïåðìà-
òîçî¿äàõ [2, 6, 13]. "Çîëîòèì ñòàíäàðòîì" âè-
çíà÷åííÿ îêñèäàòèâíîãî ñòðåñó ïðè âàðèêî-
öåëå çàðåêîìåíäóâàâ ñåáå ìàëîíîâèé ä³àëü-
äåã³ä (ÌDÀ) [9, 13].

Íàòîì³ñòü äëÿ çàõèñòó ñïåðìàòîçî¿ä³â
ó ÷îëîâ³ê³â ïîòð³áí³ àíòèîêñèäàíòè, áî ñàìå
áàëàíñ ì³æ íèìè òà ÀÔÊ çàáåçïå÷óº ôóíêö³þ
æèâ÷èê³â [2, 6]. Ñåðåä åíçèì³â àíòèîêñèäàíò-
íîãî çàõèñòó ó ÷îëîâ³ê³â âàæëèâó ðîëü â³ä³-
ãðàþòü ãëóòàò³îíîâà ñèñòåìè òà àðã³íàçà.
Íèæ÷³ àêòèâíîñò³ öèõ åíçèì³â êîðåëþþòü ç
ã³ðøèìè ïîêàçíèêàìè ñïåðìî´ðàìè [3, 4].
Ãëóòàò³îíîâà ñèñòåìà çàõèùàº ìåìáðàíè
ñïåðìàòîçî¿ä³â â³ä ïåðîêñèäàö³¿ ë³ï³ä³â, âè-
ðàæåí³ñòü ÿêî¿ îö³íþþòü çà êîíöåíòðàö³ºþ
ÌDÀ [2, 6, 8]. Ïðè îë³ãîàñòåíîçîîñïåðì³¿ êîí-
ñòàòîâàíî â³äºìíèé êîðåëÿö³éíèé çâ'ÿçîê
ÌDÀ ç ðóõëèâ³ñòþ ñïåðìàòîçî¿ä³â [7]. Ó ïà-
ö³ºíò³â ç³ çíèæåíèì ôåðòèëüíèì ïîòåíö³àëîì
çì³íþºòüñÿ á³îäîñòóïí³ñòü L-àðã³í³íó äëÿ
ñèíòàç îêñèäó àçîòó (NO-ñèíòàç), âïëèâàþ÷è
íà ïðîäóêö³þ NO. Òîáòî ïðè çíèæåíí³ àêòèâ-

Ðèñ. 8
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ

çàëåæíî â³ä àêòèâíîñò³ ³íäóöèáåëüíî¿ ñèíòàçà
îêñèäó àçîòó ó ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå

âàðèêîöåëå ²²-²²² ñò.

Ðèñ. 9
Êðèâà ROC-àíàë³çó ³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ
çàëåæíî â³ä àêòèâíîñò³ ³îí-òðàíñïîðòóâàëüíî¿

ñèñòåìè íàòð³é, êàë³ºâî¿ àäåíîçèíòðèôîñôàòàçè ó
ñïåðìàòîçî¿äàõ õâîðèõ íà ë³âîá³÷íå âàðèêîöåëå ²²-²²² ñò.
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íîñò³ àðã³íàçè, âèù³ êîíöåíòðàö³¿ L-àðã³í³íó
ñòèìóëþþòü ñèíòåç NO-ñèíòàç [3, 4] òà â³ä-
ïîâ³äíî ïîðóøåííÿ ñïåðìàòî´åíåçó [10, 11].
Íàäì³ðíå óòâîðåííÿ NO ò³ñíî ïîâ'ÿçàíå ç ïî-
ðóøåííÿì ñïåðìàòî´åíåçó [3, 8].

Íå´àòèâíèé âïëèâ ÀÔÊ íà ÿê³ñòü åÿ-
êóëÿòó çàëèøàºòüñÿ äîñòàòíüî àêòóàëüíèì
ïèòàííÿì. Òîìó ïðàêòè÷íå çàñòîñóâàííÿ äàíèõ
ùîäî ïîðóøåíü àíòèîêñèäàíòíî¿ ð³âíîâàãè ó
ïàö³ºíò³â ç âàðèêîöåëå ïîòðåáóº ïîäàëüøîãî,
á³ëüø äåòàëüíîãî âèâ÷åííÿ [1, 2, 5, 12].

Âèñíîâêè
Âàðèêîçíå ðîçøèðåííÿ âåí ñ³ì'ÿíîãî êàíàòè-
êà ç ðîçâèòêîì òåñòèêóëÿðíî¿ (ñåêðåòîðíî¿)
íåïë³äíîñò³ ïðèçâîäèòü äî âèñíàæåííÿ ôåð-
ìåíò³â àíòèîêñèäàíòíîãî çàõèñòó òà çðîñòàí-
íÿ àêòèâíîñò³ ïðîîêñèäàíò³â ó ñèðîâàòö³ âå-
íîçíî¿ êðîâ³ ÿº÷êà ³ ñïåðìàòîçî¿äàõ.

Ïîêàçíèêè ïðî-/àíòèîêñèäàíòíî¿ ñèñ-
òåìè çàðåêîìåíäóâàëè ñåáå ÿê ïðåäèêòîðè
ðîçâèòêó íåïë³ääÿ ó ïàö³ºíò³â ç âàðèêîöåëå.

Äî ïðî´íîñòè÷íèõ ïðåäèêòîð³â ³ìîâ³ð-
íîñò³ ðîçâèòêó íåïë³ääÿ ó ÷îëîâ³ê³â ç âàðè-
êîöåëå ²²-²²² ñò. ñë³ä â³äíåñòè çíèæåííÿ ó ñè-
ðîâàòö³ âíóòð³øíüî¿ ÿº÷êîâî¿ âåíè àêòèâíîñò³

ãëóòàò³îíïåðîêñèäàçè ≤148,55 íìîëü GSH/õâ·  ́Hb,
ãëóòàò³îíðåäóêòàçè ≤32,7 ìêìîëü NADPH/
õâ·´ Hb òà ãëóòàò³îíòðàíñôåðàçè ≤137 íìîëü
GSH/õâ·´ Hb, à òàêîæ â³äíîâëåíîãî ãëóòàò³îíó
≤0,85 ììîëü/ë ïðè çðîñòàíí³ ìàëîíîâîãî ä³-
àëüäåã³äó ïîíàä 7,9 ìêìîëü/ë.

Íàéá³ëüø çíà÷íèìè ïðåäèêòîðàìè
³ìîâ³ðíîñò³ ðîçâèòêó íåïë³ääÿ ó ÷îëîâ³ê³â ç
ë³âîá³÷íèì âàðèêîöåëå ²²-²²² ñò. çàðåêîìåíäó-
âàëè ñåáå àêòèâíîñò³ òàêèõ ôåðìåíò³â ó ñïåð-
ìàòîçî¿äàõ ÿê àðã³íàçà òà ³íäóöèáåëüíà ñèí-
òàçà îêñèäó àçîòó ç òî÷êàìè â³äñ³êàííÿ - â³ä-
ïîâ³äíî ≤46 íìîëü ñå÷îâèíè/õâ·ì´ ïðîòå¿íó
òà >1,2 ïìîëü öèòðóë³íó/õâ ì´ ïðîòå¿íó.
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