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changes in the epidermis were examined with hematoxylin and eosin staining, and melanosomes were visualized
using the Fontan-Mason staining method. The preparations were examined using a Carl Zeiss Primo Star microscope
(Germany) equipped with a Zeiss AxioCam ERc 5s digital camera (Germany) and ZEN 2 (blue edition) image capture
software (Germany). The morphometric determination of the epidermal thickness, % of the epidermal area
occupied by melanosomes was performed using the freely distributed Imagel software, and then the synthetic
index of “opacity index” was mathematically determined — the product of the average epidermal thickness by % of
the area occupied by melanosomes. Statistical analysis was performed.

Results. The studied parameters in the control group were as follows: epidermal thickness 32,63+5,39 mkm.
The square of the epidermis section occupied by MS was 0,77+0,24%. Thus, the opacity index for the epidermis
of the control group was 0,251 units. This value was also taken as 100%. On day 31, the experimental animals of
both groups received the same UV exposure. The thickness of the epidermis reached 54,89+10,58 mkm, the % of
the epidermal area occupied by melanosomes was 1,21+0,32%, so the opacity index = 54,89 x 1,21% = 0,664 units,
or 264,3%. For the group of free readaptation, the thickness of the epidermis on the 45th, 61st and 121st days
of the experiment was 40,8+4,8 mkm, 49,93+11,16 mkm, 45,18+9,44 mkm, respectively. % of MS area reached
1,03+0,16%, 0,91+0,13%, 0,91+0,25% and opacity index, respectively, 0,42 units, or 167,2%, 0,454 units, or 180,8%,
0,411 units, or 163,6%. For the hydroquinone depigmentation group, the thickness of the epidermis on the 45th,
61st and 121st days of the experiment reached 33,05+4,81 mkm, 43,68+13,08 mkm, 53,49+5,65 mkm, respectively.
The % of MS area was 0,92+0,27%, 0,7910,2%, 0,75+0,2% and the opacity index was 0,304 units, or 121,0%, 0,345
units, or 137,3% and 0,401 units, or 159,7%, respectively.

Conclusions. UV irradiation leads to a reliable increase in epidermal thickness, melanosome density in the
epidermis on day 31 and then gradually decreases at different rates. The opacity index in both groups was markedly
increased during all stages of observation. The density of MS has no significant differences between the experimental
groups, while the opacity index on days 45 and 61 of the experiment was reliably lower in the hydroquinone
depigmentation group.
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Hypertensive disorders of pregnancy (HDP) are major contributors to maternal morbidity and adverse perinatal
outcomes and are linked to oxidative stress (0S). Evaluating OS biomarkers in HDP may refine pathophysiologic un-
derstanding and risk assessment. The aim of the study — to evaluate biochemical markers of OS in women with HDP.
Prospective controlled study of 65 third-trimester women: HDP group (n=35; gestational hypertension or moder-
ate-to-severe preeclampsia) and controls (n=30). In plasma, protein oxidative modification was measured: aliphatic
aldehyde-protein hydrazones (AFG) and carbonyl-protein hydrazones (CFG). Antioxidant enzymes were assessed:
superoxide dismutase (SOD) and glutathione reductase (GR). Data are median [Q1-Q3]. Shapiro-Wilk, Mann-Whit-
ney U (between-group), and Wilcoxon signed-rank (paired) tests were used, significance p<0.05. In the HDP group,
AFG increased from 4.28 to 6.86 (p<0.05) and CFG from 3.60 to 4.76 (p<0.05) after stimulation. In controls, AFG rose
from 2.93 to 4.14 (p<0.05), whereas CFG changed from 2.98 to 3.26 (p>0.05). Between-group differences in AFG and
CFG were significant before and after stimulation (p<0.05). Antioxidant enzymes were reduced in HDP: SOD 7.89
[6.17-9.09] vs 13.78 [10.99-16.52] U/mg protein/min (p<0.05); GR 6.70 [6.30-6.95] vs 18.20 [17.03-18.80] umol/g
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protein/min (p<0.05). HDP is characterized by heightened protein susceptibility to free-radical damage and reduced
enzymatic antioxidant defense (SOD, GR), supporting a central role of oxidative stress in pathogenesis. Combined
protein oxidative modification and enzymatic indices may aid prognostication and management in HDP.

Key words: hypertensive disorders of pregnancy, preeclampsia, oxidative stress, superoxide dismutase, glutathi-

one reductase.

Connection of the publication with planned re-
search works.

The study is a fragment of scientific research work of
Zaporizhzhia State Medical and Pharmaceutical Univer-
sity on the topic “Prediction and prevention of gestation
complications in women with comorbid states”, state
registration number 0121U112325.

Introduction.

Hypertensive disorders of pregnancy (HDP) remain
major contributors to maternal morbidity and mortality
worldwide. Although numerous studies have sought to
elucidate their etiology, the underlying mechanisms are
still not fully understood [1, 2]. Pregnancies complicat-
ed by HDP are associated with elevated risks of preterm
birth (PTB), perinatal death, neurodevelopmental im-
pairment, and long-term cardiovascular and metabol-
ic diseases in the offspring. Moreover, women with a
history of HDP face an increased risk of stroke, cardio-
vascular disease, diabetes, and reduced life expectancy
[3]. Therefore, timely diagnosis and appropriate man-
agement of HDP are essential to lowering maternal and
perinatal mortality [4].

The most frequent and clinically significant manifes-
tation of HDP is preeclampsia (PE), a multisystem con-
dition that markedly increases the risk of adverse peri-
natal outcomes. Early-onset PE is typically associated
with defective placentation and fetal growth restriction,
whereas late-onset PE, according to some reports, may
result primarily from maternal constitutional factors [5].
Although its pathogenesis remains incompletely under-
stood, studies suggest that both variants are charac-
terized by the release of pro-inflammatory cytokines,
extracellular vesicles, reactive oxygen species (ROS),
apoptotic material, and anti-angiogenic factors into the
maternal circulation [6]. These processes contribute to
endothelial dysfunction and systemic inflammation, re-
sulting in impaired organ perfusion and diverse systemic
manifestations of PE. Due to widespread vascular injury,
PE is regarded as a generalized systemic disorder that
may involve the central nervous system, kidneys, liver,
and the coagulation system [6-8].

The pathogenesis of PE is multifactorial, reflecting
complex interactions among maternal, placental, and
systemic components. Abnormal placentation, angio-
genic imbalance, immune dysregulation, genetic predis-
position, oxidative stress (0S), and endothelial dysfunc-
tion collectively contribute to disease development [6].
Core pathophysiological features include generalized
arteriolar spasm, endothelial injury, and ischemia, ulti-
mately leading to multiorgan involvement [9, 10].

In recent decades, interest in oxidative-stress bio-
markers during the perinatal period has grown consid-
erably, reflecting the recognized role of free radicals in
the pathogenesis of multiple conditions. Under phys-
iological pregnancy, OS amplifies the normal systemic
inflammatory response but is effectively regulated by
antioxidant and detoxification systems. However, preg-
nancy represents a state in which this equilibrium can be
easily disrupted [11]. Itis also characterized by increased

susceptibility to OS due to elevated oxygen demand in
placental mitochondria. From the earliest weeks of ges-
tation, substantial maternal metabolic changes occur,
while the developing placenta begins secreting hor-
mones that modulate nutrient metabolism [12].

Within the human body, the production of ROS and
reactive nitrogen species (RNS) occurs constantly, en-
compassing both radical and non-radical species that
differ in their chemical reactivity. A shift in the balance
toward oxidants favors the development of OS. Under
such conditions, oxidative injury affects macromolecules
such as proteins, lipids, carbohydrates, and DNA [13].
Normally, ROS generation is tightly controlled by enzy-
matic and non-enzymatic antioxidant systems, but their
biological effects depend largely on concentration and
duration of exposure [14].

Lipid peroxidation (LPO) is considered a central
process in OS, mainly because the aldehydes generat-
ed during lipid oxidation interact with proteins to form
adducts that promote carbonyl stress [15]. While LPO
has long been the focus of research, protein oxidation
is increasingly recognized as a primary target of free
radicals, given the abundance and functional diversity
of proteins. LPO further contributes to protein aggrega-
tion, organelle disruption, and cellular dysfunction, un-
derscoring the importance of maintaining protein redox
balance for normal cellular activity [12].

Free radicals influence multiple reproductive pro-
cesses. Endothelial dysfunction in pregnancy is often
mediated by ROS that damage membrane phospholipids
[14]. Excessive ROS production may impair placentation
and cause significant cellular injury, leading to structur-
al abnormalities and apoptosis within placental tissues
[11]. Successful placentation depends on intricate inter-
actions between trophoblasts, fibroblasts, immune cells,
stromal elements, and endothelial cells. Aberrant pla-
centation underlies complications such as preeclampsia,
miscarriage, and fetal growth restriction [16]. Inade-
quate spiral artery remodeling results in hypoxia, which
initiates a cascade of adverse events that compromise
fetal growth and development [1]. This mechanism —
failure of deep placentation and arterial remodeling — is
thought to underlie the spectrum of conditions collec-
tively termed the Great Obstetrical Syndromes [17]. Be-
cause the placenta is highly vulnerable to OS, oxidative
damage in early gestation may predispose to complica-
tions later in pregnancy [18].

PE, is characterized by defective remodeling of utero-
placental spiral arteries, which leads to unstable blood
flow in the intervillous space and repeated hypoxia-re-
oxygenation cycles [19-21]. Restoration of circulation
to previously ischemic tissues may paradoxically inten-
sify cellular injury and organ dysfunction by initiating a
complex inflammatory response. In severe cases, isch-
emia-reperfusion injury can extend beyond the placenta
and progress to multiple organ dysfunction syndrome
(MODS) [21]. Although reperfusion is essential for re-
storing oxygen delivery, it triggers harmful processes
— sometimes termed the «oxygen paradox» — includ-
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ing ROS overproduction, recruitment of pro-inflamma-
tory immune cells, endoplasmic-reticulum stress, and
post-ischemic capillary dysfunction (no-reflow). Multiple
enzymatic sources appear to mediate reperfusion injury
through redox signaling, wherein ROS from one pathway
stimulate further ROS generation from others, particu-
larly mitochondria [19-21]. Current evidence points to
mitochondria, xanthine oxidase (XO), NADPH oxidases
(NOX), and uncoupled nitric oxide synthase (NOS) as the
most relevant contributors [21]. Excessive ROS are detri-
mental and implicated in pregnancy complications such
as PE, fetal growth restriction, gestational diabetes, and
preterm birth, largely through mechanisms involving ab-
normal placentation [11].

Recent studies confirm that enhanced OS and LPO
are detectable in placental tissues of women with di-
verse obstetric complications [2, 21-24]. These findings
emphasize the central role of OS in the pathogenesis of
pregnancy complications, particularly hypertensive dis-
orders.

The aim of the study.

To evaluate biochemical markers of oxidative stress
women with hypertensive disorders of pregnancy.

Object and research methods.

This prospective controlled observational study en-
rolled 65 pregnant women in the third trimester at the
Consultative and Diagnostic Department of the Munic-
ipal Nonprofit Enterprise “Regional Perinatal Center”
of the Zaporizhzhia Regional Council. The main group
(n=35) included patients with singleton pregnancies
complicated by gestational hypertension (GH) or mod-
erate-to-severe PE, diagnosed according to the current
unified clinical guidelines of the Ministry of Health of
Ukraine. The control group (n=30) comprised women
with singleton physiological pregnancies without signs
of hypertensive disorders and with uneventful gestation
and delivery [25, 26].

At enrollment, the median gestational age was 30
[29-31] weeks in the main group and 29 [28-30] weeks
in the control group. The median maternal age was 31
[27-34] years and 28 [25-32] years, respectively; these
differences were not statistically significant (p>0.05).
No significant between-group differences were also ob-
served for socio-occupational characteristics (p>0.05).
All women delivered at the same perinatal center.

A panel of biochemical parameters was ana-
lyzed in maternal plasma to characterize enzymat-
ic antioxidant activity and OS.

control samples. Data were expressed as arbitrary units
per mg protein per minute (a. u./mg protein/min).

Glutathione reductase (GR) activity was measured by
monitoring NADPH oxidation in the presence of oxidized
glutathione (GSSG). Absorbance was recorded spectro-
photometrically at 340 nm for 5 minutes. Data were ex-
pressed as umol/g protein/min [27].

All laboratory investigations were conducted at the
Educational and Scientific Medical Laboratory Center
with vivarium, Zaporizhzhia State Medical and Phar-
maceutical University. Analyses were performed using
certified spectrophotometric equipment and validated
protocols. Results were normalized to total protein con-
centration and expressed in the corresponding units of
measurement.

The study adhered to ethical standards including
ICH/GCP principles, the Declaration of Helsinki (1964),
the Council of Europe Convention on Human Rights and
Biomedicine, and applicable Ukrainian legislation. Writ-
ten informed consent was obtained from all participants
prior to inclusion.

Statistical analysis was performed using licensed
software packages Microsoft Excel and STATISTICA 13.
The Shapiro-Wilk test was applied to assess normality
of distribution. Between-group differences were ana-
lyzed using the Mann-Whitney U test for independent
samples, and within-group comparisons were evaluated
using the Wilcoxon signed-rank test for paired data.

Research results and their discussion.

A comprehensive assessment of OS markers was
performed. Protein oxidative modification was evaluat-
ed by measuring aliphatic aldehyde-protein hydrazones
(AFG) and carbonyl-protein hydrazones (CFG) in serum
from main and control groups before and after in vitro
stimulation.

In main group, a significant increase in AFG was ob-
served after stimulation: the median rose from 4.28 to
6.86 (p<0.05). This indicates a high susceptibility of pro-
tein structures to oxidative modification and reduced
effectiveness of antioxidant defense. Concurrently, CFG
also increased significantly after stimulation (median
3.60 vs 4.76; p<0.05), which may reflect a diminished
adaptive reserve of the antioxidant system (table 1).

In control group, the median AFG level also increased
after stimulation, from 2.93 to 4.14 (p<0.05). In contrast,

Table 1 — Intragroup comparison of protein oxidative

modification markers in main group

Protein oxidative modification markers were

quantified spectrophotometrically by reaction
of protein oxidation products with 2,4-dinitro-

phenylhydrazine (2,4-DNPH) to form hydrazones.
Absorbance was measured at 270 nm for aliphatic

Marker 'Beforg IAfter stimulation| p-value
stimulation
Aliphatic-protein hydrazones|, »¢ 13 91_4 81)| 6.86 [6.13-7.44] | p<0.05
(a.u./g protein)
Carbonyl-protein hydrazones s ¢ (3 574 171/ 4.76 [4.10-5.57] | p<0.05

(a.u./g protein)

aldehyde-protein hydrazones (AFG) and at 363 nm
for carbonyl-protein hydrazones (CFG). Data were
expressed as arbitrary units relative to total pro-
tein concentration (a.u./g protein).

Plasma superoxide dismutase (SOD) activity

Note: data are expressed as median [Q1-Q3], where Q1 and Q3 represent the
25th and 75th percentiles, respectively.

Table 2 - Intragroup comparison of protein oxidative

modification markers in control group

was assessed using a spectrophotometric meth-

After
stimulation

Before

sl stimulation

p-value

od that quantifies the enzyme’s ability to prevent
nitro blue tetrazolium (NBT) reduction by superox-

Aliphatic-protein hydrazones
(a.u./g protein)

2.93[2.44-3.15]|4.14 [3.23-5.28]| p<0.05

ide radicals arising from the interaction of NADH
with phenazine methosulfate. The decrease in the

Carbonyl-protein hydrazones
(a.u./g protein)

2.98[2.79-3.14] [3.26 [2.84-3.39]| p>0.05

rate of formazan formation was recorded at 540
nm and expressed as percent inhibition relative to

Note: data are expressed as median [Q1-Q3], where Q1 and Q3 represent the
25th and 75th percentiles, respectively.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

239



KNIHIYHA TA EKCMEPUMEHTAIbHA MEQULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

DNPH-reactive protein hydrazones
Main group

a.u./g protein
|
|

Aliphatic hydrazones

before stimulation after stimulation

Aliphatic hydrazones

Carbonyl hydrazones
after stimulation

Carbonyl hydrazones
before stimulation

DNPH-reactive protein hydrazones
Control group

a.u./g protein

—

0 00 0 ’-m—{ooo

Aliphatic hydrazones

before stimulation after stimulation

Aliphatic hydrazones

Carbonyl hydrazones
after stimulation

Carbonyl hydrazones
before stimulation

Figure 1 — Intergroup comparison of protein oxidative modification markers.

CFG changed from 2.98 to 3.26, but the difference did
not reach statistical significance (p>0.05) which may in-
dicate effective compensatory antioxidant mechanisms
(table 2).

Between-group analysis of protein oxidative modifi-
cation markers (figure 1) revealed statistically significant
differences between women with hypertensive disor-
ders and controls for all parameters, both before and
after stimulation (p<0.05 for all comparisons).

Significantly higher AFG and CFG in the hyperten-
sive group point to an increased susceptibility of protein
structures to free-radical injury (figure 2).

Comparison of SOD and GR activity between the
main and control groups revealed statistically significant
differences (p<0.05) (table 3). The median GR activity in
main group was 6.70 umol/g protein/min, whereas in
control it was more than 2.5-fold higher at 18.20 umol/g
protein/min (p<0.05). The median SOD activity in women

with hypertensive disorders was 7.89 a. u./mg protein/
min versus 13.78 a. u./mg protein/min in controls, i.e.,
more than 1.5-fold lower (p<0.05).

These data demonstrate a significantly lower level of
antioxidant defense markers in women with hyperten-
sive disorders compared with controls (figure 3).

Overall, the findings align with current concepts re-
garding the key role of OS in the pathogenesis of hyper-
tensive disorders in pregnancy [3, 5, 6, 9]. Excessive ROS
generation, imbalance between pro- and antioxidant
mechanisms, and depletion of antioxidant reserves are
decisive factors driving endothelial dysfunction, which
underlies the systemic manifestations of this complica-
tion [6, 8, 14]. The simultaneous decrease in superoxide
dismutase and glutathione reductase activities indicates
an insufficient enzymatic antioxidant response, consis-
tent with other reports [13, 14].
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Figure 2 — Dynamics of protein oxidative modification markers within groups.

Furthermore, the results for protein oxidative mod-
ification markers indicate increased vulnerability of
protein structures to free-radical damage and an inade-
quate adaptive response under conditions of complicat-
ed pregnancy [14, 15]. In the control group, the signifi-
cant post-stimulation rise in AFG is consistent with the
expected physiological response of proteins to ROS-in-

Table 3 — Comparative analysis of oxidative stress markers in

main and control groups

duced modification, whereas the non-significant change
in CFG suggests preserved antioxidant system function
and its capacity to limit further oxidative protein dam-
age [28, 29].

Taken together, these changes demonstrate the lead-
ing role of OS in the development and progression of hy-
pertensive disorders in pregnancy.

Conclusions.

1. The analysis of protein oxidative mod-
ification markers demonstrated greater sus-

; ceptibility of protein structures to free-radical

Marker Main group Control group p-value . . .
= damage in pregnant women with hypertensive
?aOB %f'gvgryotem/mm) 7.89 [6.17-9.09] | 13.78 [10.99-16.52] | p<0.05 | disorders of pregnancy (HDP). Between-group
Gl.ut.athionereductase comparisons showed significantly higher lev-
(umol/g protein/min) 6.70 [6.30-6.95]| 18.20 [17.03-18.80] | p<0.05 | els of aliphatic aldehyde-protein hydrazones

Note: data are expressed as median [Q1-Q3], where Q1 and Q3 represent the 25th

and 75th percentiles, respectively.

and carbonyl-protein hydrazones, both before
and after in vitro stimulation, in the HDP group
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Figure 3 — Comparison of oxidative stress markers, main and control groups.
(p<0.05). These findings may indicate depletion of the crease in products of protein peroxidative modification
antioxidant reserve in pregnancies complicated by HDP.  against a background of reduced antioxidant levels. The

ducii'olnn (Vgggngg) \il\::trh:Zzlﬁsi':;a:fszgslIZnSzls:'\I:uc'in;orn?- observed changes are manifestations of oxidative stress
ponents of the antioxidant defense system was re- and support its role in the pathogenesis of HDP.

corded. Median glutathione reductase and superoxide Prospects for further research.

dismutase activities in the main group were more than It is advisable to assess the prognostic value of pro-
2.5-fold and 1.5-fold lower, respectively, than in the con-  tgin peroxidative modification markers in combination
trol group, indicating impairment of the first-line antiox- with other biomarkers, and to evaluate their dynamics

idant defense in HDP. . L
3. Theresults indicate the presence of oxidative stress under non-pharmacological and pharmacological inter-

in women with HDP, evidenced by an imbalance be- Vventions in the management of pregnant women with
tween pro- and antioxidant mechanisms, namely an in-  HDP.
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OUIHKA BIOXIMIYHUX MAPKEPIB OKCUAATUBHOIO CTPECY
Y BATITHUX 3 TINEPTEH3UBHUMMU PO3NNAAAMMU

3anopi3bKuit gepKaBHUil meguko-papmaLeBTUUHUI yHiBepcuTeT (M. 3anopixkiKa, YKpaiHa)
kirichenkomihail93@gmail.com

FinepmeH3usHi po3anadu nio yac eazimHocmi (FP) acoyitoromscs 3 okcudamusHum cmpecom (OC), akuli cnpuse
eHOomeniansHili OUCYHKUIT ma HecrnpuamausuM nepuHamanseHUM Hacaiokam. OuiHka biomapkepis OCy sa2imHux
i3 [P moxce noa2aubumu po3ymiHHa namoaeHe3y ma 0onomo2mu y npo2Ho3y8aHHIi pusuky. Mema 00cni0nceHHs —
ouiHuUmu 6ioximiyHi mapkepu OC y 8azimHux i3 einepmeH3usHUMU po3anadamu. [TpocnekmusHe KOHMpPOsAbo8aHe
criocmepexeHHa: 65 sazimuux y Ill mpumecmpi; ocHosHa epyna (n=35, cecmauiliHa 2inepmeHsis/npeeknamncis
rnomipHa abo eaxkKa), KOHMposbHa epyna (n=30, pizionoziyHa sazimHicms). Y naasmi Kpoei susHa4anu mapkepu
OKUCHoOI modugpikayii 6inkie (OMB): anigpamuyHi anvoezio-6inkosi 2idpazoHu (A®I) ma kapboHinbHI 2idpa3oHu
(K®r), a makox akmusHicmeo cynepoxkcudoucmymasu (COL) i enymamioHpedykmasu (GR). CmamucmuyHuli aHani3:
Kpumepii LLlanipo—Binka; MaHHa—BimHi (Mixc2pynoegi nopieHsAHHs), BinkoKcoHa (napHi nopieHAHHA); 0aHi nodaHi axk
mediaHa [Q1-Q3], p<0.05. B ocHosHil epyni nicaa cmumynayii spocau A®rl: 3 4.28 9o 6.86 (p<0.05) ma K®rI: 3 3.60
00 4.76 (p<0.05). Y koHmponoeHil epyni A®I nidsuwjunuca 3 2.93 0o 4.14 (p<0.05), modi ak K®I 3smiHunucsa 3 2.98
00 3.26 (p>0.05). Mixepynogi giomiHHocmi 3a A®T i KOI 0o ma nicaga cmumynsauii 6yau cmamucmuyHoO 3HaYywumu
(yci p<0.05). AkmusHicme CO/ 6yna HUM4or 8 ocHOBHIl epyni: 7.89 [6.17-9.09] npomu 13.78 [10.99-16.52] U/mg
protein/min (p<0.05); GR: 6.70 [6.30-6.95] npomu 18.20 [17.03-18.80] umol/g protein/min (p<0.05). Ba2zimHi 3 I'P
XapakmepusyrmosCa nid8UWEHO Yymaaugicmio binKogux cmpykmyp 00 8inbHOPAOUKAIbHO20 YWKOOMEHHA md
3HUMCEeHHAM (hepMeHmMamueHoI AAHKU aHMUOKcuoaHmHoeao 3axucmy (CO/4, GR), wo niomeepoxye HasasHicms OC
i lio2o nposiOHy ponb y namozeHesi 'P. [loeOHaHHA MapKepie OMb 3 hepMmeHMaAMUBHUMU MOKA3HUKAMU MOXe
Mamu rnpo2HOCMUY4Hy UiHHiCMb 015 8e0eHHs 8a2imHux i3 P.

Knw4oei cnoea: zinepmeH3usHi po3nadu nid 4yac eazimHocMi, npeekaamncida, OKcudamusHuli cmpec,
cynepokcudoucmymasa, enymamioHpedykmasa.

242 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meguuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

3B’A30K nyb6aiKauii 3 n1aHOBMMMU HAayKOBO-A0CNI4-
HUMM po6oTamu.

JocnigkeHHA € ¢dparmeHTOM HayKOBO-AOCHiAHOI
poboTn 3anopi3bKoro AeprkaBHOro meauko-dbapma-
LEeBTUYHOrO YyHiBepcuTeTy Ha Temy «[lporHosyBaHHA
Ta NpodinakTMKa ycKnagHeHb rectauii y XiHOK 3 Ko-
MOpBiAHMMM CTaHaMM», HOMepP AepKaBHOI peecTpaui
0121U112325.

Bctyn.

rinepteH3uBHi posnagu (FP) nig yac BariTHoCTI 3a-
JINWAOTLCA OAHUM 3 OCHOBHUX YCKIAAHEHb, WO € Npu-
YMHOK MATEPUHCBLKOT 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B
YyCbOMY CBIiTi. He3BarKatoum Ha BEAMKY KiNbKiCTb Aocnia-
HULbKMX 3yCWU/Ib, CMPAMOBAHUX Ha BUBYEHHS ii eTiono-
riil, BOHa 3a/MWAETbCA A0 KiHUA He3’scosaHotlo [1, 2].
BariTHiCTb, AKa yCKMagHMNacb po3BUTKOM [P xapaKrte-
PU3YETHCA MiABULLEHUM PU3MKOM MepeavyacHUX noso-
rig (MMN), nepnHaTanbHOiI CMepPTi Ta NOPYLLIEHHA Helpo-
PO3BUTKY, @ TAKOXK CEPLEBO-CYANHHUX Ta METabONIUHNX
3aXBOPOBAHb Y NOAANbLUOMY KUTTi HOBOHAPOAKEHMX.
Kpim Toro, iHKku, AKki nepeHecan P nig yac BariTHo-
CTi, MaloTb MiABULLEHUA PU3UK IHCYNbTY, CEPLLEBO-CY-
AVHHUX 3aXBOPIOBAHb Ta AiabeTy, a TaKOXK CKOPOYEHY
TpuBanicTb XuTTa [3]. Tomy, CBOEYACHA AiarHOCTMKa Ta
NiKyBaHHA [P € KNIOYOBUMU ONA 3HUMKEHHA PUSUKY Ma-
TEPUHCbKOI Ta NepuHaTanbHOoi cmepTi [4].

Haluvactiwmm i Halbinbw yCKNAZHEHUM KAiHIY-
HMM BapiaHTom [P BaritTHOCTi € npeeknamncia ME, Aka
Ma€ MYNbTUCUCTEMHUI XapaKTep Ta iCTOTHO MiABULLYE
PU3MKU HECNPUATAMBUX NepUHaTaNbHUX HACAIAKIB.
PaHHA TME nos’A3aHa 3 NopyleHO MaueHTaLie0 Ta
3aTPMMKOIO POCTY NNoAa, TOAi AK 33 AaHUMU AeAKUX
pocnigeHb nisHA ME, € HacnigKoOmM BNAMBY MaTepUH-
CbKux pakTopis [5]. Xoua BBarKa€eTbCA, LWLO NaTOreHeTUY-
Hi MexaHi3mu, AKi nexkaTb B ocHoBi [E, HegocTaTHLO
BUBYEHI, AOCNIAMKEHHA CBigYaTb, WO B 060X BMMNaAKax
Ma€ 3HAYeHHS BUBIZIbHEHHA NPO3anasbHUX LIUTOKIHIB,
36iNbWEHHA  KiNbKOCTI NO3aKNITUHHUX BE3WKYA, akK-
TUBHUX GOpM KucHIo (ADK), anonToTUUYHMX 3anULLKIB
Ta aHTUaHrioreHHUXx GaKTOPiB Yy CUCTEMHUIN KPOBOTIK
[6]. Po3BuTOK eHpoTenianbHOi AUCPYHKLIT maTepi Ta
CUCTEMHE 3ananeHHA NPU3BOAUTb A0 3HUXKEHHA nep-
dy3ii MaTepUHCBKNX OpraHiB Ta NPOABAAETbCA YNCNEH-
HUMW cuCTeMHUMU cumnTomamu TE. Yepes ypakeHHA
eHgoTenito, ME € robafNbHUM CUCTEMHUM CUHAPOMOM,
AKUIN yparkae 6arato opraHis, BKAOYAOUM LEHTPANbHY
HEepPBOBY CUCTEMY, HUPKM, NEYIHKY Ta MAE BiNJMNB Ha CU-
CTeMy 3ropTaHHA KpoBi [6-8].

MaTtoreHe3 ME € 6aratodakTOpHMM NPOLLECOM, LLLO
BK/IIOYAE B3AEMOLIO MiX MaTepPUHCbKMMMU, NAaLEeHTap-
HUMM Ta CUCTEMHUMU PpaKTopamm. AHOMANbHA NAaLEeH-
Tauia, aHrioreHHWM aucbanaHc, iIMyHHa Aucperynsuis,
reHeTUYyHa CXWbHICTb, OoKcuaatTmueHui cTpec (OC) Ta
eHpoTenianbHa AUCOYHKLIA pa3om CrnpuAOTb PO3BUT-
Ky ME [6]. OcHOBHMMM naTodisioNnoriyHMMM 3MmiHaMK €
CUCTEMHUI CNa3m apTepion, NOLWKOAKEHHA CYAUHHOTO
eHZoTenNito Ta iemia, Lo CNPUYNHAIOTL NOLIKOAKEHHA
6araTbox opraHis [9, 10].

IHTepec oo 6iomapkepis OC B nepuHaTasibHOMY ne-
pioAi noyas 3pocTaTv B MUHY/IOMY CTONITTi, Kon 6yno
[0BEeEHO BaXK/MBICTb YTBOPEHHA BiNbHUX paguKanis,
LLLO /1IeXKaTb B OCHOBI Pi3HMX 3aXBOpPOBaHb. i vyac Hop-
MasibHOro nepebiry BariTHocTi OC NOCUNOE HOPMaA/TbHY
CUCTEMHY 3anafibHy peakKLilo Ta 3a3Buyait Aobpe KoH-
TPONOETbCA 36aN1aHCOBAaHUM MEXaHi3MOM  AEeTOKCHU-

Kauii. OgHaK BariTHICTb TAaKOXK € CTaHOM, 33 AKOro uA
ajanTauia Ta 6anaHc MOXyTb OYyTW Nerko nopyLueHi
[11]. BaritHicTb — ue cTaH NiABULEHOT YYTANBOCTI A0
OC, AKWIA BUHMKAE FTONOBHUM YMHOM Yepe3 NigBuLLeHyY
notpeby B KMCHi MiToxoHApiaMKn naaueHTn [12]. Mouu-
HaO4YM 3 PaHHIX TEPMIHIB BariTHOCTI B OPraHiami KiHKK
BifbyBatoTbcA meTaboniuHi 3MiHKW. Y nepLi TMXKHI nicna
3a4aTTA GOPMYETLCA NMALEHTA, AKA MOYUHAE BUAINATH
rOPMOHMU, LLO BMIMBAIOTb HAa METaboi3mM yCiX MOXMUB-
HUX pe4yoBuH [12].

B opraHi3mi n0aMHU yTBOPHOETLCA HM3Ka APK Ta
a30Ty, i BOHWM MOXYTb OYyTW AK pagvKanbHUMM, TakK i
HepaaMKaAbHUMM Ta BigNOBIAHO, MATK Pi3HWMI CTyMiHb
peakuiinHoi 3patHocTi. lNMopyweHHA 6ioximiyHoro 6a-
JIAHCY Mi>K OKCMAQHTaMM Ta aHTUOKCUOAHTAMM Ha Ko-
PUCTb OKCUAAHTIB, CTBOPHOOTL YMOBM A1A po3BUTKy OC.
B Takmx ymoBax BiaOyBA€ETbCA OKMCHE MOLUKOAMKEHHSA
6iomaKkpomonekyn, Takux sik 6inKn, Byrnesoam, Ninian
Ta AHK [13]. 3a ¢isionoriyHmMx ymos BupobaeHHs APK
YKOPCTKO PEeryatoeTbCA OpraHiamom Yepes aito bepmeH-
TaTUBHUX Ta HEGEPMEHTATUBHUX 3aXMCHUX MEXAHI3MIB.
OpgHak BnanB A®K Ha KAITMHM 3HAYHOK MipolO 3ase-
UWTb Bif, IX KOHUEHTpaUii Ta TpuBanocTi aji [14].

MepekncHe okucneHHa niniais (MOJ) po3rnsaatoTb
AK OCHOBHMIN KomnoHeHT OC, 30Kpema, Yepes bHiope-
AKTUBHICTb anbAerifis, WO YTBOPKOOTLCA B pe3ynbraTi
OKWUC/NIEHHA NliNigiB, AKi yTBOPIOIOTL CMONYKKU 3 BiNkamu
Ta reHepyoTb KapboHinbHUI cTpec [15]. Xoua MO/ ne-
pebyBae B LEHTpi yBarn AOCNigKeHb, OKMCAEHHA 6in-
KiB, 3aBASKN CBOIM 3HAYHIM NPUCYTHOCTI Ta YNCNEHHUM
byHKUiAM B opraHiami, 6y10 BUSHAHO MOX/IMBO OCHOB-
HOM MilleHHo Ana Ail BibHUX pagmkanis. MOJ1 nos’s-
3aHe 3 arperaujieto 6i/KiB Ta NPMU3BOAMUTL L0 MNOPYLLUEHHS
opraHen i KNTUHHUX PyHKUiNM. MiaTpMMKa OKMCHO-Big-
HOBHOTO CTaTycy 6i/KiB BBAXKAETbCA GYHAAMEHTANbHOO
ANA NiATPUMKM HOPMANbHOTO GYHKLIOHYBAHHA KAITUH
[12].

BinbHi pagmKanu BNAMBAKOTb Ha Pi3HI penpoayk-
TMBHI Npouecu. MNowunpeHi po3nagm nig yac BariTHOCTI,
Taki AK AUCOYHKLIA eHAOoTeNiaNbHUX KNITUH, TMOBIpHO,
cnpuunHeHri A®K, aki atakytoTb docdoninigm KAiTUH-
HUX membpaH [14]. HagmipHe BupobneHHa APK moxke
NPU3BECTU A0 aHOMAJIbHOI NaaLeHTaLii Ta cepMo3HOro
MOLUKOAMKEHHA KNITUH, PYNHYOUM HOPMAJIbHI CTPYKTY-
pU, WO CAPUYMHAE aNONTOTMUYHI 3MiHM B naaueHTi [11].
AK BiAOMO, ycCniWHa naaueHTauia nig 4ac BariTHOCTI
BKOYAE CKNAAHY B3aEMOAI0 MiXK PiI3HUMU TUNAMM KAi-
TUH, BK/IOYAOUYM KNiTMHU Tpodobnacty, pibpobnacty,
a TAaKOX iIMYHHI, CTPOManbHi Ta eHA0TeNiaNbHI KAITUHM.
A OCHOBHOIO MPUYMHOIO Pi3HUX YCKAAAHEHb BariTHOCTI,
TAKUX AK NpeeKsamMncia, BUKNAEHb Ta 3aTPMMKa pocTy
nnaoAa € came aHoMasibHa naaueHTauia [16]. Came Hea-
[JeKBaTHe peMoZeNtoBaHHA cnipanbHUX apTepil cnpuse
CTBOPEHHIO TINOKCMYHOIO CepefioBuLLa, AKE 3anyCKae
CKIQQHUW KacKag, NoAil, Lo BNAMBaOTb HAa HOpPMaib-
HUI PO3BUTOK i picT nioga [1]. 3a3HayeHui MexaHi3m, a
came He3AaTHICTb AocArTM MnboKoi NaaueHTauji Ta pe-
MOZENOBAHHA cripasibHUX apTepii, 06’eAHYE KNiHIYHI
CTaHW, WO MatoTb Ha3By «BenuKi akywepcbki cuHapO-
mmn» [17]. MnayeHTa cxmnbHa o po3BuTky OC, a oKcu-
LATUBHE NOLUKOAMKEHHA HA PaHHIX TepMmiHax BariTHOCTI
CNPUAE BUHUKHEHHIO YCKNAAAHEHb Ha Mi3HILLMX TepMi-
Hax BariTHocTi [18].

Ha cborogHi icHye rinoTesa, wo npu ME 36ii ¢isio-
NOTFIYHOrO  pemMofentoBaHHA MaTKOBO-M/IaLEeHTapHUX
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cnipanbHWUX apTepin NpuM3BOAUTL A0 NEpPioANYHOI nep-
¢dysii mixkBopcHHYaAcTOro Aepesa Ta NpPU3BOAUTb A0 NO-
BTOPHUX LIMKANIB FiNOKCIi i peokcureHauii [19-21]. AK He
OMBHO, BIAHOB/IEHHA KPOBOTOKY A0 paHile iwemi3oBa-
HOI TKAaHWUHU MOXe e H6iNblie NOCUAUTN NOLLIKOAMKEH-
HA TKAaHUH Ta ANCPYHKLLiIO OpPraHiB, BUKANKAOYM CKNAA-
HY 3ananbHy peakLito. Kpim Toro, y Ba*KKMX BMMaAKax
BM/IMB ileMmii Ta penepdysii Ha OANH OpraH MoXe cnpu-
YMHUTU NOLIKOAKEHHSA BigAaneHMx opraHis, WO 3peL-
TOI Npu3Beae A0 CUHAPOMY MONIOPraHHOT AUCOYHKLIT
[21]. Penepoysis, xoya 1 HeobxigHa ANA MOPATYHKY
TKQHWH 3 KMCHEBWMM TrOJIOAYyBAaHHAM, BOHAa BUK/WKAE
napafoKcanbHi TKAHWHHI peakKuii, AKki NigXuBATb
BMpob6aeHHA ADK (KMCHEBMI NapaZoKe), CekBecTpal,ito
npo3anasbHUX iIMYHOLUMUTIB B illeMi30BaHUX TKaHWUHAX,
CTpec eHaoNnNa3mMaTUYHOrO PETUKYIYMy Ta PO3BUTOK
NoCTiLLeMIYHOTo KaninapHoro penepdysinHOro NoToky,
LLIO NOCU/TIOE NOLWKOAMKEHHA TKAaHMH. MOXANBICTb TOTO,
Wwo Kinbka axepen APK cnpuatotb penepdysinHomy
NMOLKOAMKEHHIO B BiNbWOCTi TKAHWH, NiATBEPANKYETLCA
[0Ka3aMM, AKi AeMOHCTPYIOTb, WO peAoKCc-CUrHani3a-
uia possonde A®K, Wo npoayKyrTbCcA OAHMM dep-
MEHTATUBHUM AKEPenoM, aKTUBYBATM Ta NOCUMIOBATU
npoaykuito A®K apyrum gxepenom (Hanpuknag, mi-
ToXxoHApismuM) [19-21]. B ocTaHHi gecatunitta 6yno go-
KNAaJEHO 3HAYHUX 3YCWUb ANA PO3YMIHHA MeXaHi3MiB,
LLLO NPMU3BOAATbL A0 HagmipHoro yTeopeHHA ADK nig vac
peoKcureHau,ii TKaHMH abo opraHiB, WO CTPaXKAaloTh Bif,
HecTtaui 02. Xoua 6yn0 3aNponoHOBAHO pi3Hi AxKepena
yTBopeHHa A®DK, mitoxoHAapii, KcaHTMHOKcnaasa (XO),
HAO®H-okcnaasn (NOX) Ta He3B’sI3aHa CMHTa3a OKCU-
Ay asoty (NOS) 3apa3 BM3HaHi HaMbiNbLW MMOBIpHUMM
ydacHukamu [21]. HagmipHuii piseHb ADK € WwKignmsmm
Ta NoB’A3aHUI 3 BaraTbMa YCKNAAHEHHAMM BariTHOCTI,
Taknumu sk NE, 3aTpMMKa pocTy Naoaa, recTauiiHuim Ly-
KpoBuit aiabet Ta MM, WAAXOM NOLIKOAKEHHA NAaLeH-
Tauii [11].

OcCTaHHIM gecaTuniTTAM 3’aBNAETbCA BCe binble a0-
CnigxeHb, AKi cBigYaTb NPO NepeKOHNMBI AOKa3M TOro,
wo nocunenHmn OC Ta MOJ1 MOXKyTb cnocTepiraTnca B
NAALEHTI KIHOK 3 Pi3HUMM aKYLLEPCbKMMMU YCKNALHEH-
HAMM [2, 21-24]. 3a3HaYeHHI AaHi AEeMOHCTPYIOTb aKTy-
aNbHICTb BMBYEHHA 3HAYEHHA OKUC/IOBAJIbHOIO CTpecy
B MaToreHesi ycknagHeHoro nepebiry BariTHOCTI, 30Kpe-
ma P.

MeTta pgocnigKeHHs.

OUuiHUTK BioXiMiYHi MapKepy OKCMAATUBHOIO CTpecy
Y BariTHWX 3 rinepTeH3MBHMMM PO3/1aJaMu.

O6’eKT i meTOoaM AOCNIAKEHHA.

JocnigseHHa 6yno BMKOHaHO y dpopmarti npocnek-
TUBHOTO KOHTPO/IbOBAHOIO CNOCTEPENKEHHA Ta OXONUI0
65 BariTHMX *iHOK y Il TpumecTpi recTauii, siki nepeby-
Ba/IN Nif, HarNALOM Y KOHCYNbTaTUBHO-AiarHOCTUYHOMY
BiadineHHi KomyHanbHOro HekomepuiiHoro nignpu-
emctBa «OBnacHMIA NnepuHaTaNbHUIA LEeHTP» 3anopisb-
Kol obnacHoi pagun. OcHoBHY rpyny (n=35) cTaHoBWUAM
naLieHTKM 3 04HONNIAHOLO BariTHICTIO, nepebir sKkoi 6ys
YCKNagHeHul rectauiiHoto rinepteHsieto (IT) abo ME
NMOMIPHOTO YW TAMKKOTrO CTyneHA. [iarHo3 BCTaHOBAIO-
BaNM BiAMNOBIAHO A0 YMHHMX YHIPIKOBAHUX KAIHIYHMX
HacTaHoB MiHicTepcTBa OXOpOHU 340p0B’A YKpaiHwu.
[0 KoHTponbHOI rpynu (n=30) 6ynAn BKAKOYEHI KiHKM 3
ogHonnigHow ¢isionoriyHoto BariTHiCTIO 6e3 o3HaK [P,
y AKMX nepebir rectauii Ta nonoris 6yB HeycKnagHeHUM
[25, 26].

MegiaHa TepmiHy recTauii Ha MOMEHT 06CTeXKeHHA
ctaHoBuna: 30 [29-31] TUKHi B OCHOBHIW rpyni, B KOH-
TponbHil rpyni — 29 [28-30] TuxHi. CepeaHili Bik obcTe-
YKEHMX: B OCHOBHIN rpyni: 31 [27-34] poKK, B KOHTPO/Ib-
Hin rpyni — 28 [25-32] pOKK, CTAaTUCTMYHO 3HAYyLWOi
pi3HULi He BuABneHo (p>0,05). 3a AaHMMUK coLiaibHOTO
Ta npodeciiHOro aHamHesy CTaTUCTUYHO 3HAYYLLMX Bif-
MiHHOCTEM MiXK rpynamu Takox He BusABnaeHo (p>0,05).
Bci BariTHi Hapoguau Ha 6asi ogHOro nepuHaTaAbHOro
LEeHTpY.

Y nnasmi KpoBi BariTHUX KiHOK gocniaxKysann 6io-
XiMiYHi MOKa3HMKM, WO BigobparKaloTb aKTUBHICTb dep-
MEHTATUBHOI NAHKM aHTUOKCUAAHTHOTO 3aXUCTy Ta BU-
paxeHictb OC.

MoKa3HWKK oKMUcHOT moaudiKauii 6inkis (OMB) oui-
HIOBa/M CMEKTPODOTOMETPUYHMUM METOAOM Ha OCHOBI
peakKuii NpoAayKTiB BiNbHOPAAMKANBHOIO OKUC/IEHHA
6inkie 3 2,4-guHiTpodeHinriapasnHom (2,4-AHPT) 3
YTBOPEHHAM rigpa3oHiB. CnekTpodoToOMeTpuyHe BU-
MiptoBaHHA nposoaman npu 270 HM ana anibaTUdHMUX
(ADT) Ta 363 HM — AnA KapboHiNbHUX rigpa3oHiB (KPT).
3HayeHHA OMbB nopgasann B YMOBHWUX OAUHUUAX Ha
rpam 6inka (ym.oa./r 6inka)

AKTUBHICTb cynepokcuaamucmyTasm (COA) y naasmi
KPOBi BW3HA4anu CnNekTpoPpoTOMETPUYHUM METOLOM,
O FPYHTYETbCA Ha 34aTHOCTI depMeHTY KOHKypyBaTH
3 HITPOCUHIM TETPa30oNieEM 3a CynepoKCUAHI paauKa-
N, AKi yTBOpPIOOTbCA B pe3ynbraTti B3aemogii HAOH 3
beHasnHmeTacynbhaTomM y NPUCYTHOCTI KUCHIO. Y XOAi
peakLii HITPOCKUHIN TeTpasonin BiAHOBAIOETLCA 40 Pop-
Ma3aHy, iIHTEHCMBHICTb YTBOPEHHA AKOr0 PeeCTpyBanu
CNeKTPOPOTOMETPUYHO MPU AOBNKUHI XBUAI 540 HM. Y
npucytHocTi CO/L, wemaKicTb Big4HOBAEHHA 3HUXKYETLCA
nponopuinHo Ao ¢bepmeHTaTMBHOI aKTUBHOCTI. Po3pa-
XYHOK 3/1iiCHIOBA/1 3@ BiACOTKOM ra/ibMyBaHHS BigHOB-
JIEHHA HITPOCUHbLOrO TETPa30/il0 BiAHOCHO KOHTPO/b-
HOT Npo6bu. Pe3ynbTaTi BUPaXKaau B YMOBHUX OAUHULAX
Ha minirpam 6inka 3a xBuUAuHy (ym. og./mr 6inka/xs).

AKTUBHICTb rnyTaTioHpeaykTasu (GR) BusHauanaca
3a weunakictio okmcneHHa NADPH y npucyTHOCTI OKuc-
neHoro raytatioHy (GSSG). BumiptoBaHHA npoBoauau
cnekTpodpoTomeTpryHo npu 340 HM yNpoaoBXK 5 XxBU-
NIVH. Pe3ynbTatv BMpa)Kain B MIKPOMOJAX HA rpam
6inKa 3a xBuAMHY (MKMonb/r 6inka/xs) [27].

NabopaTopHi focniaKeHHA NpoBoaMAUCb Ha 6asi
HaBYyanbHO-HayKOBOIrO MeaMKO-1abopaTopHOro  LeH-
Tpy (HHMJILU) 3 BiBapiem 3anopi3bKoro Aep*kaBHOro
meanKo-bapMaLeBTUYHOTO yHiBepcUTeTy. YCi cnekTpo-
GOTOMETPUYHI BMMIpIHOBAaHHA MPOBOAUAM HA cepTudi-
KoBaHOMY o0b6nagHaHHI BigNOBIAHO A0 BanigoBaHMX
nabopatopHUX NPOTOKOAIB. Pe3ynbTaTn HOpMyBaau Ha
BMICT 3arasibHoro 6inka Ta nopasanv y BiANOBigHMX
OAMHNLAX BUMIpY.

[ocnigKeHHA BiANOBIgA€E CydacHMM BMMOram Mo-
panbHO-eTUYHUX HOpM LWoao npasua ICH / GCP, lenb-
CiHKCbKIil geknapauii (1964 poky), KoHdpepeHuii Pagu
€Bponu Npo npaea AAMHU | BioMeanUMHN, a TaKoXK
OIOYMM NONOXKEHHAM 3aKOHOZABYMX aKTiB YKpaiHW.
Mepes NoyYaTKOM AOCNigKeHHs B6yno OTPUMaHO MUChb-
MOBY iHGOPMOBaHY 3roay Bif, yCix y4acHMLb.

CTaTUCTUYHUIA aHaNi3 AaHWX NPoBeAEeHO 3a A0Mno-
MOTOI0 NiLEH30BaHUX CTAHAAPTHMX NaKeTiB NPUKAaa-
HUX nporpam 6araToBMMIpHOIo CTaTUCTUYHOTO aHani-
3y Microsoft Excel Ta «STATISTICA 13». lnoTtesa npo
HOPMANbHICTb PO3MNOAINY AOCNIAMKYBAHMX MOKA3HUKIB
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nepesipanacb 3a gonomorot Kputepito Lani-
po-Binka. CTaTUCTUUYHA 3HAYMMICTb BigMiHHOCTEN

Tabnuuysa 1 — BHyTpilwHbOrpynose NOPiBHAHHA MapKepiB
oKucaBanbHoi moaudikauii 6inKiB y oOCHOBHIW rpyni

OLiHIOBa/IaCcb 33 AONOMOrOK Ta HenapameTpuy-
Horo U-kputepia MaHHa-BiTHI gna HesaneKHux

BMBIPOK Ta NapHUiA KpuTepiin BinkokcoHa ana 3a-
NIEXKHUX.

Pe3ynbTath pocnigyKeHHa Ta ix obroBopeH-

MicnAa 3HayeH-
Mapkep Lo ctumynauii cTumynsji HA p
Anigatnani Ginkosi 4.28[3.91-4.81] | 6.86 [6.13-7.44] | p<0.05
rigpasoHu (ym.oa./r 6inka)
KapGonineHi binkosi 3.60[3.27-4.17]| 4.76 [4.10-5.57] | p<0.05
riapasoHn (ym.on,./r 6inka)

HA.

Y mexax npoBefeHoro AochigxeHHa 6yno
34iACHEHO KOMIMIEKCHY OLIHKY MapKepiB OKcu-
hatmeHoro cTpecy. OuiHky OMB 34iicHIoBanM 3@ NOKas-
HMKaMK 6inkoBoi NnepoKcuaHoi moandikauii — APT i KOr
Yy CMpOBaTLi KPOBi BariTHMX OCHOBHOI Ta KOHTPOJIbHOI
rpyn 4o Ta nicaa ctumyaauii in vitro.

B OCHOBHIlM rpyni BUABNEHO AOCTOBIPHE 3POCTAHHA
piBHa ADT nicnsa ctumynauii: meaiaHa 3pocna 3 4,28 no
6,86 (p<0,05). Le cBig4MTb NPO BUCOKMIA NOTeHLian 4o

MpumitKa: gaHi BigobparkeHi ak megiaHa [Q1-Q3], ae Q1 i Q3 npeacTaBnAlOTL
25- i 75-11 npoueHTUAI BiANOBIAHO.

OKMCAIOBaNbHOI MoaundiKaL,ii 6iNKOBUX CTPYKTYP Ta 3HK-
eHHA edeKTUBHOCTI aHTUOKCMAAHTHOIO 3axucTy. Boa-
HOYac MicnA CTUMYANALIT CTaTUCTUYHO AOCTOBIPHO 3pic
i piBeHb KO®I: mepgiaHa 3,60 npotu 4,76 (p<0,05), wo
MOKe CBIiUYUTN NPO 3HUKEHHA afanTaLiliHOro pesepsy
AHTMOKCUAAHTHOI cuctemu (Tabaunuya 1).

Y KOHTPO/IbHIW rpyni TakoX 3adikcoBaHO NigBULLEH-
HA piBHA mepgiaHn APl nicna ctumynauii — 3 2,93 go
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PucyHok 1 — MixrpynoBe nopiBHAHHA MapKepiB OKUCIOBaibHOI mogudikauii 6inkis.
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4,14 (p<0,05), BogHouac piseHb KPI 3miHnBCA 3 2,98 oo
3,26, ane 3MiHW He AO0CAMN CTAaTUCTUYHOT 3HAYYLLOCTI
(p>0,05), wWo moxe BKasyBaTU Ha edeKTUBHY poboTy

KOMMNEHCAaTOPHUX MEXAHI3MIB aHTUOKCMAAHTHOIO 3axu-

cTy (Tabnuua 2).

PUCYHOK 2 — iuHamika mapKepiB oKucatoBanbHoi moaudikauii 6inkis y rpynax.

MopiBHAHHA NOKasHWKIB mapkepis OMbB (pucyHok
1) mixK rpynamu npoaemoHCTPYBaio HasBHICTb cTaTUC-
TUYHO 3HaYyLMX BiAMIHHOCTEW MiXK KiHKamu 3 TP Ta
KOHTPO/IbHOIO FPynoto 3a BCiMa AOCAIAMXYBAaHUMM NO-
KasHWKaMM AK 0, TaK i nicns ctumynauii (yci NnoKasHUKK
p<0,05).

Tabnuua 2 — BHYTpilWHbOrpynoee NopiBHAHHA MapKepiB
OKuCNoBanbHOI MogudiKauii 6inKiB y KOHTPOAbHIN rpyni

rigpasoHu (ym.oq./r 6inka)

Micna 3HaYeH-
Mapkep [o ctumynauii cTumynswji HA p
Anigatnini 6inkosi 2.93 [2.44-3.15]|4.14 [3.23-5.28]| p<0.05
rigpasoHu (ym.on./r 6inka)
KapboHinbHi Ginkosi 2.98 [2.79-3.14] [3.26 [2.84-3.39]| p>0.05

Mpumitka: gaHi BigobpaxkeHi ak meaiaHa [Q1-Q3], ae Q1 i Q3 npeacTaBaAOTL

25-1 i 75-1 npoueHTUAI BiANOBIAHO.

CTaTUCTMYHO A0CTOBipHO (p<0,05) BULLi PiBHI
AK A®T, Tak i KOT y rpyni BariTHMX 3 [P BKasytoTb
Ha MiABULLEHY YYTAMBICTb BINIKOBMX CTPYKTYP 40
Bi/IbHOPAAMKANbHOTO YPaXKeHHA (PUCYHOK 2).

MopiBHAHHA NOKa3HWKiB akTMBHOCTI CO/L Ta
GR MiXK BariTHUMKM 3 OCHOBHOI Ta KOHTPO/bHOI
rpyn BUABWJIO CTAaTUCTUYHO 3HavyLwi (p<0,05) Bia-
MiHHOCTI (Tabnuua 3). Tak megiaHa akTuBHoCTi GR
B OCHOBHIl1 rpyni cknana 6,70 mkmonb/r 6inka/xs,
TOAj AK KOHTPOAbHIl BiANOBIAHMI NOKA3HUK byB
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PucyHok 3 — MopiBHAHHA MapKepiB OKUCHOFO CTPECY OCHOBHOI Ta KOHTPONbHA rpynu.

BuWMm (p<0,05) 6inbWw HixK y 2,5 pa3u i cknas
18,20 mKmonb/r 6inka/xs. MegjiaHa akKTUBHOC-

Tabnunua 3 — MNopiBHANbHMIT aHaNi3 MapKepiB OKUCHOTO

CTpecy B OCHOBHil Ta KOHTPO/bHIl rpynax

Ti SOD y naujeHTOK i3 [P cknana 7,89 ym. oa./
Mmr 6inka/xs npotu 13,78 ym. oa./mr 6inka/xs y

KOHTPOJIbHIN rpyni, i 6yna 6inblu HixK y 1,5 pasu
HUX4oto (p<0,05).

OTpumaHi AaHi AeMOHCTPYITb CTaTUCTMY-
HO A0CTOBIPHO (P<0,05) HUXKYIN piBEHb MOKas-

Mapkep Jo ctumynauii | Micna ctumynauii  |3Ha4YeHHA p
AKTUBHicTb CO/,
(y. /s Ginka/xg) | 7-89 [6:17-9.09]| 1378 [10.99-16.52] | p<0.05
[NyTaTioHPEAYKTasa | 54 16 3.6 95)| 18.20 [17.03-18.80] | p<0.05
(MKMOb/T Binka/xs)

HUKIB aHTMOKCUAAHTHOrO 3aXMCTy Y KiHOK 3
I'P NOPIBHAHO 3 XiHKaMM 3 KOHTPOAbLHOI rpynu
(pucyHoK 3).

Y3arasbHOUYM  pe3ynbTaT NpPOoBeAEeHOro  AoChi-
O)KEHHA, CNif, 3a3HAYMTH, WO OTPUMAHI AaHi y3rogxKy-
I0TbCA 3 CY4aCHUMM YABIEHHAMM NPO KAto4voBy ponb OC
y natoreHesi P y BariTHux [3, 5, 6, 9]. HagmipHe yTBO-
peHHA ADPK, ancbanaHc Mix Npo- Ta aHTUOKCUAAHTHU-
MW MeXaHi3MaMKn Ta BUCHA*KEHHA aHTUMOKCUMAAHTHOTO
pesepBy € BM3HAYa/IbHUMN YMHHUKAMU PO3BUTKY €H-
A0TeNiaNnbHOT ANCPYHKLIT, AKa NEXUTb B OCHOBI CUCTEM-
HUX NPOABIB LLbOrO YCKNaAHEHHs [6, 8, 14]. OgHouyacHe
3HUKeHHA akTuBHocTi COZ Ta GR BKa3sye Ha HepocTaT-
HiCTb GepMeHTaTMBHOI aHTMOKCUAAHTHOI BigNoBIAi, Wo
Y3TOAMKYETbCA 3 AaHUMM iHWKNX gocNiaHuKIB [13, 14].

Kpim TOro, oTpMmaHi pesynbTatm WOLO0 MapKepis
OMbB cBiguaTb Npo NiABMLLEHY BPasiMBicTb BinKoBUX
CTPYKTYpP A0 Aii BiNbHOPAANKANbHUX MEXaHI3MIB YLUKO-
[OXKEHHA Ta HeOCTATHICTb aAaNTUBHOI Big4NOBIAi B ymo-
Bax naTtosioriyHoro nepebiry saritHocTi [14, 15]. Xoua B
KOHTPOJIbHIM rpyni cnocTepiraeTbca CTaTUCTUYHO 3HAYU-
Mme nigBuweHHA piBHA APl nicna oKUCHOT cTumynauii,
Le ABULLe BigNoBifa€ OYikyBaHil ¢disionorivHili peakuii
6inkoBUX CTPYKTYp Ha ROS-iHayKkoBaHy mogudikaLiito.
BogHouvac 3miHW piBHA KPI He pmocArnn CTaTUCTUYHOI
3HAYYLWOCTi, WO CBigYMTL NpPO 36epeeHHA yHKLUiN
AHTMOKCUAAHTHOI cMcTeMM Ta T 34aTHOCTI 06MerKyBaTH
nornnbieHHA OKMCHOTO YLWIKOAKEHHS binkis [28, 29].

CYKYMHICTb LMX 3MiH AEMOHCTPYE nposigHy poab OC
Yy PO3BUTKY Ta nporpecyBaHHi Py BariTHuX.

BucHoBKuU.

1. MpoBeaeHUt aHani3 MapKepiB OKUCHOT moandi-
Kaujii 6inKiB 3aCBiAYMB BULLY YYTAMBICTb BiNKOBUX CTPYK-
TYP 40 BiNbHOPAZAMKANbHOIO YLIKOAMKEHHA Y BariTHUX 3
rinepTeH3MBHMMM poO3nagamu. 3a pe3yabTaToM Mopis-

Mpumitka: aaHi BigobparkeHi ak meaiaHa [Q1-Q3], e Ql i Q3 npeacTaBnAoTb 25-1
i 75-i npoueHTUNi BignosigHo.

HAHHAM MAPKepiB MiXK rpynamu BCTAaHOB/IEHO CTATUC-
TUYHO pocToBipHO (p<0,05) BMLWLKIA piBEHb anbaerigHNX
Ta KapbOHINbHUX FigpasoHiB AK 40, TaK i micna cTumy-
NAUIT B rpyni BariTHUX 3 FrinepTeH3UBHMMM PO3/1aZaMu.
Taki pe3ynbTaT MOXKYTb CBig4aTV NPO NOPYLUIEHHA aH-
TMOKCMAAHTHOIO pe3epBy B YMOBax BariTHOCTI yCKnasa-
HEHOI rinepTeH3NBHMMMN PO3/TaaaMMU.

2. Y BariTHUX 3 rinepTeH3MBHUMU pO3nagamu, 3a-
dikcoBaHO cTaTUCTMYHO gocToBipHe (p<0,05) 3HWMKEH-
HA @aKTUBHOCTI KNoY0BUX GEepMEeHTIB aHTUOKCUAAHTHOI
CUCTEM 3axMCTy. TaK 3arasbHi MOKa3HMKKU PiBHA rnyTa-
TiOHpeayKTasn Ta CynepoKCMAAMCMYTasn B OCHOBHIM
rpyni 6ynam 6inbw HixK y 2,5 Ta 1,5 pasu HUXKYMMM 33 Big-
NOBiAHI MOKAa3HUKN KOHTPOJIbHOI Fpynu, L0 BKA3yeE Ha
NOpYyLUEHHA MepLOoi NiHii aHTUOKCUAAHTHOrO 3aXUCTy Y
BAriTHUX 3 riNepTeH3UBHUMW PO31a[aAMMU.

3. OTpumaHi pesynbTaTtv CBig4aTb MPO HAABHICTb
OKCMAATUBHOIO CTPeCy Yy BariTHWUX i3 rinepTeH3MBHUMMU
po3nagamu. Le niatBepayeTbca AMcHanaHCcoOM MixK
npo- Ta AHTUOKCUAAHTHUMM MeXaHismamu, a came
3pOCTaHHAM NPOAYKTIB 6iNKOBOI NepoKcnAHOI moamdi-
KaLjii B YyMOBaX 3HUXEHOro pPiBHA aHTMOKCMAAHTIB. Bu-
ABNEHI 3MiHW € NPOABOM OKCMAATMBHOIO CTpecy Ta nia-
TBEPAKEHHSAIM MOro poni B maTtoreHesi rinepTeH3UBHUX
po3nagis y BariTHUX.

MepcneKTMBM NOAANbLUMX AOCNIAKEHD.

PekomeHAY€eETbCA NMPOBECTU OLiHKY MPOrHOCTUYHOI
LiHHOCTI NMOKa3HUKiB 6ifKoBOI nepokcugHoi moaundi-
Kauji y NoeAHaHHI 3 iHWUMK BiomapKepamu, a TaKoX
OLiHKA X AMHAMIKK B yMOBaXx BNAMBY HedpapMaKoaoriy-
HUX Ta papMaKoorivyHMX NiAXOAiIB WOoA0 BeAEHHSA BariT-
HUX 3 FiNepTeH3UBHUMM PO313JAMMU.
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OUIHKA BIOXIMIYHUX MAPKEPIB OKCUAATUBHOIO CTPECY Y BATITHUX 3 TINEPTEH3UBHUMUW PO3/NTIALA-
MU

Ciocioka B. I, KupuuerHko M. M.

Pestome. FinepTeH3MBHI po3nagu nig, yac BaritHocTi (TP) € ogHielo 3 NPOBIAHUX NPUYMH MATEPUHCbKOI 3aXBO-
PIOBAHOCTI Ta HECMPUATIMBUX NEPUHATaNbHUX HACAIAKIB i TICHO NoB’A3aHi 3 okcugaTMBHMM cTpecom (OC) yepes
eHgoTenianbHy gucoyHKuio. KinbKicHa ouiHKa biomapkepis OC y BariTHUX i3 [P nornnbaoe po3ymiHHA naToreHesy
Ta MOXKe NONINWNTU KNIHIYHY OLiIHKY PU3UKY.

Mema — ouiHnTh GioximiuHi mapkepun OC y BariTHUX i3 P.

06’ekm i MemoOu 0ocnidxceHHA. MPOCNeKTUBHE KOHTPO/IbOBAHE CMOCTEPENKEHHSA BKAKOYANO0 65 *iHOK y Il Tpu-
MecTpi, AKi nepebyBanu nig Harnagom obnaacHOro nepuHatanbHoOro ueHTpy. OcHoBHa rpyna (n=35) oxonatoBana
rectauiiiHy rinepTeHsito abo NpeeKknamncito MOMIPHOTO YK TAMKKOTO CTyneHsn; KoHTponb (n=30) — ¢isionoriyHi ogHo-
nAi4HI BariTHOCTI. Y nna3mi ouiHOBaM MapKepu OKMCHOT Moandikau,ii 6inkiB 4o Ta nicna oKMCHOT cTumynsaii in vitro
3a gonomoroto 2,4-guHitpodeHinrigpasunHy: anidatnuHi anbaeria-6inkosi rigpasoru (APr, 270 HM) Ta KapbOHINbHI
rigpasoHun (KPr, 363 HM). AHTMOKCUAAHTHUIA 3aXUCT XapaKTepu3yBaan aKTUBHICTIO cynepokcuaancmyTasu (COZ,
meTog 3 NBT, 540 Hm) i rnyTaTioHpeaykTasu (GR, okucHeHHa NADPH, 340 Hm). JaHi nogaHo sk megiaHa [Q1-Q3].
HopmanbHicTb — KpuTepin LWanipo-Binka; mixkrpynosi BigmiHHOCTI — U-Kputepit MaHHa-BiTHi; napHi NopiBHAHHA —
KpuTepii BinkokcoHa; 3HauvyLwictb p<0.05.

Pezynemamu. Y rpyni [P nicna ctumynauii niguwmnmcs AT 34.28 10 6.86 (p<0.05) i KO3 3.60 £o 4.76 (p<0.05).
Y KoHTponi ADT 3pocnm 3 2.93 no 4.14 (p<0.05), Togi Ak KOT 3miHnnamcs 3 2.98 1o 3.26 6e3 A0CATHEHHA 3HAYYLLOCTi
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(p>0.05). Mixkrpynosi BiamiHHOCTI 32 AT i KOl 6ynn 3HauywmMmu AK A0, TaK i nicns ctumynauii (yci p<0.05), wo
CBiAYNTb NPO MiABULLEHY BPa3NMBICTb BIIKOBMX CTPYKTYP A0 BifIbHOPAAMKANbHOIO YWKOAMKEHHA 3a [P. AKTUBHICTb
AHTUOKCUAAHTHUX depmeHTiB Byna HMx4oto npu MP: CO/, 7.89 [6.17-9.09] npotn 13.78 [10.99-16.52] U/mg protein/
min (p<0.05); GR 6.70 [6.30-6.95] npotu 18.20 [17.03-18.80] umol/g protein/min (p<0.05).

BucHosKu. BariTHicTb, ycknagHeHa [P, XapaKTepu3yeTbCA Y3roAKeHMM 3POCTAHHAM MPOAYKTiB 6inKoBOi ne-
pokcuaHoi moaudikaLii Ha TAi 3HUKEHHA GepMeHTaTUBHOI NaHKKU aHTMOKCUAAHTHOro 3axucty (CO, GR), wo niag-
TBepAKye NposiaHy poab OC y naTtoreHesi UMx ycknagHeHb. MoeaHaHHA mapKkepis ADQT/KOT i3 depmeHTaTUBHUMU
NoKasHWKaMM BiLOOpParXKae AK OKCUAATMBHE HABAHTAXKEHHSA, TAK i HEAOCTATHICTb 3aXMCTy Ta MOXKe ByTU KOPUCHUM
ONA KNiHIYHOI OLiHKM PU3MKY, MOHITOPUHTY CTaHy M NOAANbLIOro NPOrHo3yBaHHA edeKTUBHOCTI HedbapmMaKooriy-
HUX | papMaKoNoriYHMX BTPYUaHb.

Kntouosi cnoBa: rinepTeH3MBHI po3naam nig vyac BariTHOCTI, NPeeKNaMCia, OKCUAATUBHUI CTPeC, CyNnepoKcua-
OMCMyTa3a, ryTaTioHpeayKTasa.

ASSESSMENT OF BIOCHEMICAL MARKERS OF OXIDATIVE STRESS IN WOMEN WITH HYPERTENSIVE DISORDERS
OF PREGNANCY

Siusiuka V. H., Kyrychenko M. M.

Abstract. Hypertensive disorders of pregnancy (HDP) are major drivers of maternal morbidity and adverse
perinatal outcomes and are mechanistically linked to oxidative stress (OS) through endothelial dysfunction.
Quantifying circulating OS biomarkers in HDP may sharpen pathophysiologic understanding and improve risk
assessment.

The aim — to evaluate biochemical markers of OS in pregnant women with HDP.

Object and research methods. Prospective controlled observational study including 65 third-trimester women
followed at a regional perinatal center. The HDP group (n=35) comprised gestational hypertension or moderate-
to-severe preeclampsia; controls (n=30) had physiological singleton pregnancies. In plasma, protein oxidative
modification was profiled by aliphatic aldehyde-protein hydrazones (AFG) and carbonyl-protein hydrazones (CFG)
using 2,4-dinitrophenylhydrazine. Antioxidant defense was assessed by superoxide dismutase (SOD) activity (NBT
method) and glutathione reductase (GR) activity (NADPH oxidation). Data are median [Q1-Q3]. Normality was tested
with Shapiro-Wilk; between-group differences with Mann-Whitney U; paired changes with Wilcoxon signed-rank;
significance p<0.05.

Results. In the HDP group, oxidative stimulation increased AFG from 4.28 [3.91-4.81] to 6.86 [6.13-7.44] (p<0.05)
and CFG from 3.60 [3.27-4.17] to 4.76 [4.10-5.57] (p<0.05). In controls, AFG rose from 2.93 [2.44-3.15] to 4.14
[3.23-5.28] (p<0.05), whereas CFG changed from 2.98 [2.79-3.14] to 3.26 [2.84-3.39] (p>0.05). Between-group
comparisons of AFG and CFG were significant both before and after stimulation (all p<0.05), indicating heightened
protein susceptibility to free-radical injury in HDP. Antioxidant enzymes were reduced in HDP: SOD 7.89 [6.17-9.09]
vs 13.78 [10.99-16.52] U/mg protein/min (p<0.05); GR 6.70 [6.30-6.95] vs 18.20 [17.03-18.80] umol/g protein/min
(p<0.05).

Conclusions. Pregnancies complicated by HDP exhibit a consistent pattern of elevated protein oxidative
modification alongside depressed enzymatic antioxidant capacity, supporting a central role of OSin HDP pathogenesis.
The combined panel of AFG, CFG, SOD, and GR captures both oxidative burden and defense insufficiency and
may inform clinical risk assessment, monitoring, and future predictive modeling. Larger multicenter cohorts with
longitudinal sampling and integration of angiogenic and endothelial markers are warranted to define thresholds and
evaluate responsiveness to non-pharmacological and pharmacological interventions.

Key words: hypertensive disorders of pregnancy, preeclampsia, oxidative stress, superoxide dismutase,
glutathione reductase.
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