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Background. The significant increase in the number of patients with arterial hypertension both worldwide and in our coun-
try necessitates a more detailed study of the pathogenetic features of changes that occur in target organs, including the
brain, in conditions of prolonged elevated blood pressure and against the background of its correction with beta-blockers of
different generations.

Objective. The aim of the study was to examine oxidative stress indicators in brain homogenates of animals with arterial
hypertension and to determine the effect of long-term correction with different generations of beta-blockers on the state of
pro- and antioxidant components of OS.

Methods. One intact and four groups of experimental animals were studied. Experimental animals with spontaneous arteri-
al hypertension were administered propranolol, carvedilol, and hypertril in therapeutic doses. The oxidative stress indica-
tors (oxidative modification of proteins markers (aldehyde dinitrophenylhydrazones and carboxyphenylhydrazones) and
content of reduced glutathione, and the activity of Superoxide dismutase, Glutathione peroxidase) in animal brain homoge-
nates were biochemically studied.

Results. It was established that prolonged arterial hypertension is accompanied by a deterioration in the state of antioxidant
systems. Correction of high blood pressure with propranolol does not significantly affect the state of oxidative stress indica-
tors. Carvedilol has a moderate antioxidant effect, while hypertril has a powerful antioxidant effect, which is manifested in
a decrease in oxidative modification of proteins markers, and increased of antioxidant system markers content.
Conclusions. Long-term administration of Propranolol stabilizes arterial pressure but does not alleviate oxidative stress in
the brain, evidenced by sustained high levels of OMP markers (ADPH and CPH) and suppressed antioxidant defense
(SOD, GSH, GPx). Carvedilol exerts a moderate antioxidant effect by lowering CPH levels but fails to significantly restore
the activity of key antioxidant enzymes (SOD, GPx) or reduced glutathione levels. Hypertril exhibits a potent dual effect,
providing both antihypertensive control and robust antioxidant neuroprotection. Its mechanism involves the significant re-
duction of OMP markers (ADPH and CPH) and the restoration of the antioxidant defense system (SOD, GSH, GPx).
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Introduction

In daily life, humanity encounters environmental
pollution, prolonged sun exposure, smoking, and alco-
hol consumption. These factors contribute to excessive
levels of free radicals; when these exceed the body's
antioxidant defense systems, oxidative stress (0OS) is
initiated. Numerous studies have established that OS is
a non-specific factor of cell damage in the pathogene-
sis of many diseases, including arterial hypertension
(AH) [1-3]. It is now clearly proven that AH leads to
damage in multiple organs, specifically the brain,
through the involvement of small vessels. This results
in the development of cognitive dysfunction and, in
severe cases, chronic neurodegenerative diseases such
as Alzheimer's (AD) or Binswanger's disease [4, 5].
While the role of OS in forming pathological changes in
brain vessels and tissues during AH is indisputable,
the impact of long-term correction with hypotensive

drugs, including various generations of beta-blockers,
on the state of the brain's antioxidant system and oxi-
dative processes remains debatable.

For nearly half a century, beta-blockers have
proven effective not only in cardiology but also in en-
docrinology, general therapy, and psychiatry. Notably,
for a long time, beta-blockers were considered second-
line drugs for AH therapy. However, according to the
updated AH treatment recommendations presented at
the 2024 ESH (European Society of Hypertension)
Congress, beta-blockers have been re-included as first-
line antihypertensive therapy. This decision was based
on a meta-analysis showing that beta-blockers are not
inferior to other major classes in reducing cardiovas-
cular risk and effectively stabilizing blood pressure
(BP) [6].

Despite years of studying the influence of beta-
blockers on pathophysiological processes, and evi-
dence that metoprolol, carvedilol, and bisoprolol re-
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duce OS markers alongside heart failure relief [7], the
understanding of their direct influence on oxidative
metabolism within brain structures remains insuffi-
ciently studied, especially regarding the latest genera-
tions of drugs.

The aim of the study was to examine oxidative
stress indicators in brain homogenates of animals with
arterial hypertension and to determine the effect of
long-term correction with different generations of be-
ta-blockers on the state of pro- and antioxidant com-
ponents of OS.

Materials and methods

The study utilized 50 male rats: 40 spontaneous-
ly hypertensive rats (SHR), second generation, aged 8
months, with an initial weight of 280-300 g with sys-
tolic/diastolic BP ranged between 178.1 + 2.61/96.5 +
2.51 mmHg; 10 normotensive control Wistar-Kyoto
rats (WKR), with an initial weight of 200-220 g with
BP ranged between 118.1 + 10.9 / 66.9 + 2.1 mmHg.

The experimental part of the study was conduct-
ed at the Training and Research Medical-Laboratory
Center with a Vivarium of Zaporizhzhia State Medical
and Pharmaceutical University (ZSMPU) in strict com-
pliance with the national standard “General Ethical
Principles of Animal Experiments” (Ukraine, 2001),
aligned with Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific pur-
poses. No violations of moral and ethical standards
were identified during the research by the Bioethics
Committee of Zaporizhzhia State Medical and Pharma-
ceutical University of the Ministry of Health of Ukraine
(Protocol No. 2, dated March 15, 2023).

The study design employed an integrated exper-
imental approach combining parallel instrumental,
functional, biochemical, and statistical assessments.
The protocol included monitoring body weight and
measuring BP using the BP-2000 Series II Blood Pres-
sure Analysis System (Visitech Systems, USA) via a
non-invasive tail-cuff method. To ensure data validity
and minimize stress-induced artifacts, animals were
acclimatized to the restraint holders and the warming
platform (maintained at 37°C) prior to data collection.
Functional monitoring, including body weight record-
ing and BP measurements, was conducted at three
critical timepoints: at baseline (following the acclima-
tization period), on day 7 and at the study endpoint,
day 31, immediately prior to sacrifice. The redox sta-
tus of the central nervous system was assessed in
brain homogenates by quantifying markers of oxida-
tive protein modification (OPM) and evaluating the
capacity of the antioxidant defense system (ADS).
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The experimental animals were randomly as-
signed to five experimental groups (n=10 per group).
The groups were defined as follows: Group 1 (Con-
trol): normotensive WKR; Group 2: SHR (Control);
Groups 3-5: SHRs receiving pharmacological treat-
ment daily for 30 days orally (suspended in 1 % starch
mucilage). Group 3 animals were treated with “Pro-
pranolol” (Pharmaceutical Group “Zdorovje”, Ukraine),
a non-selective, lipophilic betal, beta2-adrenoblocker
with high neuroavailability, at a dose of 50 mg/kg
body weight (b.w.). Group 4 SHRs were treated with
“Carvedilol” (Kyiv Vitamin Plant, Ukraine), a hybrid
non-selective beta- and alphal-adrenoblocker with
antioxidant activity, at a dose of 50 mg/kg b.w. Group
5 was tested with “Hypertril” (SPA “Pharmatron”,
Ukraine), a novel derivative of 4-amino-1,2,4-triazole
characterized as a super-selective beta-adrenoblocker
with NO-modulating effects, at a dose of 20 mg/kg b.w.
(Fig. 1).

At the study endpoint (day 31), animals were eu-
thanized by rapid decapitation under sodium thiopen-
tal anesthesia (40 mg/kg, intraperitoneally). Brain tis-
sues were rapidly excised and homogenized using a
Heidolph  Instruments D-91126  homogenizer
(ser. 091002770, Germany). The homogenates were
subjected to differential centrifugation (Sigma Labor-
zentrifugen D-37520, Germany) at 15,000 g to isolate
the cytosolic fraction for biochemical analysis.

Oxidative stress markers and antioxidant enzyme
activities were quantified in brain homogenates. OPM,
namely, aldehyde dinitrophenylhydrazones (ADPH)
and carboxyphenylhydrazones (CPH) were assayed
via reaction with 2,4-dinitrophenylhydrazine by the
method of B. Halliwell [8]. Superoxide dismutase
(SOD) activity was determined by the inhibition of ni-
troblue tetrazolium (NBT) reduction (Beauchamp, C.
and Fridovich, 1) [9].

Glutathione peroxidase (GPx) activity was meas-
ured according to the method of E. Beutler [10].

Reduced glutathione (GSH) was determined by
standard spectrophotometric methods (Ellman's as-
say) [11].

Total protein level was quantified using the Biu-
ret method [12].

All experimental results were processed using
the STATISTIKA software package (license No.
JPZ8041382130ARCN10-]), Microsoft Excel 10.0 (Mi-
crosoft Corporation, USA), and Python 3.0 statistical
and visualization libraries.

Statistical significance was calculated by a series
of independent pairwise comparisons of groups using
Student's t-test / Mann-Whitney U-test. Differences
were considered statistically significant at p < 0.05.
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Figure 1. Mechanisms of the influence of mitochondrial dysfunction on the state of the antioxidant system.

Results

Biochemical analysis of OPM parameters in brain
tissue of experimental rats has revealed that chronic
AH induced significant oxidative damage in the brain.
In untreated SHRs (Group 2), there was a marked
accumulation of oxidative metabolic products com-
pared to normotensive WKY controls (Group 1).
Specifically, levels of ADPH and CPH increased by

Table 1: OPM markers in brain homogenates of SHRs (M+m)

72 % and 90.3 %, respectively (p < 0.05), indicating
severe oxidative modification of neural proteins (Ta-
ble 1).

The accumulation of oxidized proteins occurred
amidst a significant depression of the ADS compo-
nents, manifested as decreased SOD activity by ap-
proximately one-third, GPx activity by 18 %, and more
than two-fold dropped reduced GSH levels compared
to controls (Table 2).

Animal Groups

ADPH, AU/g protein

CPH, AU/g protein

Group 1, control WKR, n=10 5.11+0.32 9.35+0.21
Group 2, SHRs, n=10 8.79+0.771 17.79+0.371
Group 3, SHRs + propranolol, n=10 9.72+0.4313 19.21+0.37123

Group 4, SHRs + carvedilol, n=10

8.000.11134 14.10+0.281234

Group5, SHRs + hypertril, n=10

6.25+0.1712 12.00+0.2312

Notes: (1) - statistically significant differences between the indicators of Groups 2, 3, 4, and 5 (pst < 0.05) compared with the

corresponding indicators of the control group.

( 2 ) - statistically significant differences between the indicators of Groups 3, 4 and 5 (pst<0,05) compared with the corre-

sponding indicators of Group 2 SHR.

(3) - statistically significant differences between the indicators of Groups 3 and 4 (pst<0,05) compared with the correspond-

ing indicators of Group 5 SHR.

(#) - statistically significant differences between the indicators of Groups 3 (pst<0,05) compared with the corresponding in-

dicators of Group 4 SHR.
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Table 2: ADS parameters in brain homogenates of SHRs
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Animal Groups

SOD, U/mg/min

GPx, pg/mg/min Reduced GSH, ug/g

Group 1, control WKR, n=10 247.6x11.0 67.4+4.3 7.38+0.67
Group 2, SHRs, n=10 177.4+12.71 55.243.41 3.57+0.87¢
Group 3, SHRs + propranolol, n=10 112.1+21.1123 50.1+7.113 3.65+0.3113
Group 4, SHRs + carvedilol, n=10 180.4+17.013+4 56.5£3.413 4.12+0.3513
Group5, SHRs + hypertril, n=10 231.0£16.02 68.7+3.22 6.23+0.212

Notes: (1) - statistically significant differences between the indicators of Groups 2, 3, 4, and 5 (pst < 0.05) compared with the

corresponding indicators of the control group.

( 2 ) - statistically significant differences between the indicators of Groups 3, 4 and 5 (pst<0,05) compared with the corre-

sponding indicators of Group 2 SHR.

(3) - statistically significant differences between the indicators of Groups 3 and 4 (pst<0,05) compared with the correspond-

ing indicators of Group 5 SHR.

(#) - statistically significant differences between the indicators of Groups 3 (pst<0,05) compared with the corresponding in-

dicators of Group 4 SHR.

A 30-day therapeutic regimen with beta-blockers
resulted in the sustained stabilization of elevated AP
[13] in hypertensive animals. However, the response
of oxidative metabolism parameters in brain tissue
was non-uniform and drug-specific, indicating that
hemodynamic control does not automatically translate
to neuroprotection.

The analysis of OPM markers has revealed dis-
tinct profiles for each pharmacological agent on ADPH
and CPH dynamics (see Table 1). Propranolol treat-
ment did not significantly alter ADPH levels but re-
sulted in a statistically significant increase in CPH con-
tent by 7.5% (p < 0.05) compared to the untreated
hypertensive group. In contrast, carvedilol administra-
tion significantly reduced CPH levels by 26 %. Hyper-
tril treatment led to a significant reduction in both
ADPH and CPH levels by more than 40 % compared to
the hypertensive Group 3. Although these levels re-
mained significantly higher than those of the intact
control group (p < 0.05, see Table 1), they indicate a
substantial mitigation of oxidative stress.

The antioxidant defense system, comprising both
enzymatic and non-enzymatic components, has shown
divergent responses to the tested drugs (see Table 2).
Positive modulation of the ADS was observed exclu-
sively in the hypertril-treated group. This was charac-
terized by a significant upregulation of SOD and
GPx activities, as well as an increase in GSH content.
Carvedilol did not exert a statistically significant influ-
ence on the enzymatic parameters of the ADS in brain
homogenates, while propranolol exhibited a negative
impact on the antioxidant status, further suppressing
SOD activity by more than 50 % compared to the
untreated hypertensive rats (Group 3), exacerbating
the enzymatic deficit associated with hypertension.

A comparative analysis of different generations
of beta-blockers has highlighted significant differences
in their impact on brain oxidative metabolism. Pro-
pranolol demonstrated high pro-oxidant and low
antioxidant activity, characterized by the elevation
of ADPH and CPH levels and a drastic reduction
in SOD activity. “Carvedilol” at a tested dose of 50
mg/kg b.w. revealed moderate antioxidant activity,
primarily limited to the reduction of specific OPM
products (CPH). Hypertril displayed a pronounced an-
tioxidant effect, evidenced by a dual mechanism of
action, the reduction of oxidative damage markers
(ADPH and CPH) and the restoration of antioxidant
defense capacity (increased SOD, GPx activity, and
reduced GSH content) as compared to Group 2 SHR
(see Tables 1 and 2).

Discussion

Published studies examining the impact of AH
and its correction with beta-blockers of various gener-
ations on OS markers and the antioxidant system sta-
tus in brain tissues were identified in MedLine (Ovid),
EMBASE (Ovid), Cochrane Library, and PubMed in
January 2026. Search terms included "arterial hyper-
tension" (Medical Subject Heading [MeSH]) or
“beta-blockers” (MeSH), “oxidative stress” (MeSH),
and “hippocampus” (MeSH).

Records were identified through database
searches and screened for relevance to AH criteria
and symptoms, antioxidant system status, and OMP
markers. Articles addressing the antioxidant system
status and OS under AH and its correction with beta-
blockers were included. Articles published in lan-
guages other than English or lacking full-text access
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were excluded. Additional articles cited in the refer-
ence lists of included studies were also screened for
relevance and incorporated into this review. In total,
30 articles were analyzed, of which 21 were included
in the study and results discussion.

The study has demonstrated that sustained arte-
rial hypertension in SHR rats (Group 2) was accompa-
nied by the activation of OPM processes parallel to the
inhibition of antioxidant enzymes (SOD, GPx) and de-
pletion of the thiol-disulfide system component (re-
duced GSH) (see Tables 1 and 2). This finding corrobo-
rates the hypothesis that hypertension disrupts the
thiol-disulfide balance, reducing the pool of reduced
thiols [9].

Literature suggests that mitochondrial dysfunc-
tion due to chronic ischemia is a primary cause of an-
tioxidant enzyme suppression, particularly glutathione
deficiency. Reduced GSH, a potent antioxidant, is not
synthesized in mitochondria but requires energy-
dependent transport. Mitochondrial impairment com-
promises energy production and reduced GSH
transport, leading to cellular redox deterioration. The
resulting imbalance between reduced and oxidized
glutathione (GSSG) promotes the generation of reac-
tive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS), causing oxidation of cysteine-dependent
protein domains and mitochondrial pore formation
[14] (Fig. 1).

Furthermore, the glutathione system is intrinsi-
cally linked to the nitric oxide (NO) system, a key regu-
lator of vascular tone and a potent vasodilator [15].
Glutathione deficiency disrupts NO transport, reduces
its bioavailability, and favors the formation of cytotox-
ic derivatives such as peroxynitrite and nitrosonium
ions, culminating in endothelial dysfunction [16].

The depletion of the antioxidant pool, particular-
ly thiol-containing compounds, coupled with the hy-
perproduction of cytotoxic NO derivatives, creates a
pro-oxidant environment conducive to the oxidative
modification of macromolecules. This is particularly
detrimental to proteins, leading to the excessive
accumulation of ADPH and CPH in brain tissue. Analo-
gous findings have been reported in cardiomyocytes of
SHRs, where sustained hypertension was associated
with a pronounced pro-oxidant shift in mitochondrial
fractions and intensified protein oxidation in the cyto-
sol [17].

In the present study, animals with experimental
arterial hypertension (Group 2) exhibited a significant
activation of OPM processes (see Table 1). The accu-
mulation of chemically modified protein components,
potentially affecting receptors, ion channels, and
transport proteins, suggests a molecular basis for the
disruption of nerve impulse generation, conduction,
and signal transduction.

These biochemical alterations correlated with
functional impairments. Specifically, SHRs demon-
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strated a decline in cognitive-mnestic functions, mani-
festing as a cognitive deficit in the Passive Avoidance
Test (PAT) [18]. Biochemically, this was characterized
by a surge in OMP markers, ADPH and CPH levels in-
creased by 72 % and 90.3 %, respectively, amidst an-
tioxidant system decompensation. We observed a re-
duction in SOD activity by nearly one-third, and signif-
icant decreases in reduced GSH and GPx levels by
52 % and 18 %, respectively, compared to the normo-
tensive control (see Table 1).

Long-term pharmacological correction for ele-
vated BP using -adrenergic receptor blockers of vari-
ous generations resulted in sustained normalization of
BP in animal Groups 3-5, despite distinct biochemical
profiles of OS markers.

Therapy with propranolol (Group 3) effectively
normalized BP but failed to mitigate OS. OMP markers
remained critically high, nearly double the values of
the control group (Group 1) and not statistically
different from the untreated hypertensive Group 2.
This accumulation of OMP products occurred along-
side a persistent antioxidant deficit: SOD activity re-
mained halved compared to normotensive controls,
and a one-third decreased compared with SHRs of
Group 2. The glutathione system showed exhaustion,
manifested by a 52 % reduction in reduced GSH levels
and an 18 % decrease in GPx activity relative to Group
1 animals.

The ability of propranolol to ameliorate neuro-
oxidative stress contrasts with some existing litera-
ture regarding its antioxidant properties. A recent
large-scale literature review by Serreau et al. (2024)
highlights the concentration-dependent membrane
anti-peroxidative activity concurrently for five
B-blockers, including Propranolol, originally described
by Mak and Weglicki (1984). The cardioprotective and
antioxidant efficacy of propranolol was subsequently
corroborated by other research groups, who reported
its capacity to significantly attenuate lipid peroxida-
tion products. These studies characterized its anti-
oxidative action across multiple levels, ranging from
enzymatic modulation and membrane protection to
direct effects on cardiovascular cells. Notably, while its
antioxidant activity has been well-established in
cardiovascular tissues, no such assertion has been
made regarding the central nervous system [19]. Con-
versely, in a separate 90-day randomized clinical trial
involving 18 patients with resistant hypertension,
which evaluated the impact of propranolol on oxida-
tive stress markers and total antioxidant capacity, the
authors demonstrated a lack of statistically significant
effects [20].

The third-generation non-selective [-blocker
carvedilol demonstrated a moderate antioxidant
effect. While it did not significantly restore SOD activi-
ty or the glutathione pool (GSH, GPx), it effectively
reduced the levels of CPH, a specific marker of OMP.
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This is consistent with reports indicating that
carvedilol acts as a free radical scavenger and
possesses anti-mitogenic properties, providing protec-
tion against oxidative damage in myocardial models
[21-23].

Hypertril administration in Group 5 animals
exhibited profound therapeutic efficacy, evidenced
by the attenuation of ADPH and CPH levels and
the restoration of SOD, reduced GSH, and GPx to near-
normotensive baseline values. As Hypertril is a novel
pharmaceutical agent, the full extent of its antioxidant
capacity remains to be comprehensively character-
ized. Nevertheless, as a 4-amino-1,2,4-triazole deriva-
tive, it shares structural similarities with compounds
whose antioxidant potential has been well-
documented across various conditions, including
neurological disorders [24, 25].

The study has certain limitations: only a genetic
model of AH was examined, which develops gradually
and serves as an analog to essential hypertension
in humans, although other pathogenetic models
of hypertension (renovascular, pharmacological, salt-
induced, neurogenic) could be considered. The study
assessed the antioxidant system status and OS
markers in brain tissues; future research could
determine the relationship between OS markers
and cognitive function status. Subsequently, for an
integrated assessment of differences between
experimental groups and for the identification of
key markers contributing most to the differentiation
of the studied conditions, principal component analy-
sis (PCA) is planned to be applied.
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Conclusions

Long-term administration of Propranolol stabi-
lizes arterial pressure but does not alleviate oxidative
stress in the brain, evidenced by sustained high levels
of OMP markers (ADPH and CPH) and suppressed an-
tioxidant defense (SOD, GSH, GPx).

Carvedilol exerts a moderate antioxidant effect
by lowering CPH levels but fails to significantly restore
the activity of key antioxidant enzymes (SOD, GPx) or
reduced glutathione levels.

Hypertril exhibits a potent dual effect, providing
both antihypertensive control and robust antioxidant
neuroprotection. Its mechanism involves the signifi-
cant reduction of OMP markers (ADPH and CPH) and
the restoration of the antioxidant defense system
(SOD, GSH, GPx).
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3anopi3bkuin gepxxaBHUA Meanko-papmaLeBTUYHUIA YHiBepcuTeT, 3anopioks, YkpaiHa

MOKA3HWUKU OKUCIMIOBAIIbHOIO CTPECY B TKAHUHAX FOJIOBHOIO MO3KY LLYPIB 3A YMOB TPUBAJIOI APTEPIAJBHOI
MMNEPTEH3II TA 1l KOPEKL|IT BETA-BJTOKATOPAMMU PI3HUX NMOKOINIHb

BcTyn. 3HauHe 36inbLUeHHS KiNbKOCTI NauieHTiB 3 apTepianbHOKO rinepTeHsier sK y CBITI, Tak i B HawWii KpaiHi 3yMoBntoe HeobXiaHICTb
6inbl OeTanbHOr0 BMBYEHHSI MaTOreHEeTUYHUX OCOBNUMBOCTEN 3MiH, WO BiAOyBalOTLCS B OpraHax-MilleHsiX, 30Kpema B roroBHOMY
MO3Ky, 3@ YMOB TPUBaroro nigBULLEHHS apTepianbHOro TUCKY Ta Ha Thi oro kopekuii 6eTa-6nokatopamm pisHUX NOKOMiHb.

MeTa. OuiHeHO CTaH NOKa3HWUKIB OKCMAATUBHOrO CTPecy B TKaHMHAaxX rofloBHOrO MO3Ky 3a YMOB apTepianbHOI rinepTeHsii Ta TpuBanoro
nikyBaHHs1 3-6rnokaTopamu pisHUX NOKOSiHb.

MeToaum. [ocnigpKeHo OAHy iHTaKTHY Ta YOTMPMW TPYMU eKCrnepuMeHTanbHUX TBapuH. ExcnepumeHTanbHMM TBapuHam 3i CMOHTaHHO
apTepianbHOI0 rinepTeH3iel0 BBOAMNN NPONPaHOMor, KapBeainon Ta rinepTpun y TepaneBTUYHUX Ao3ax. bioxiMiyHO gocnigxeHi nokas-
HWKWM OKCUAATMBHOMO CTpecy (Mapkepu okcuaaTuBHOI Moamdikauii 6inkie (anbaerinavHiTpodeHinrinpasoHn Ta kapbokcudeHinriapaso-
HW) Ta BMICT BigHOBIEHOTO FMyTaTiOHy, @ TaKoX aKTUBHICTb CynepoKCUAAMCMYTasu, riyTaTioHNepokcuaasm) y romoreHatax Mo3sky TBa-
PVH.

Pe3ynbTtaTn. BcTaHoBNeHo, WO TpMBana apTtepianbHa rinepTeHsist CynpoBOAXYETbCA MOTMPLUIEHHSM CTaHy aHTMOKCMAAHTHUX CUCTEM.
Kopekuisi BUCOKOro aptepianbHOro TUCKy MpPOMpaHOrofioM CyTTEBO He BMMBAE Ha CTaH MOKa3HWKIB OKcuaaTUBHOrO ctpecy. Kopekuis
apTepianbHOro TUCKy KapBeAWron NpyM3BOAMTb A0 NiABULLEHHS PIBHIB BiQHOBMNEHOrO rMyTaTiOHy, a TakoX MiABULLEHHS aKTUBHICTI cyne-
poKkcuaaucMyTasu Ta FhyTaTioHNepoKCUAasn Ha Tri 3MEHLUEHHS! PIBHIB MOKa3HUKIB OKUCHOI Moaudikauii 6inkis. BeBegeHHs TBapuHam
rinepTpuny CyTTEBO 3MeHLUYE PiBHIi MapkepiB okcuaaTuBHOI mMoaudikauii 6inkiB Ta npu3BoauTb A0 36iNbLIEHHS BMICTY BiJHOBIEHOrO
rnyTaTioHy Ta aKTUBHOCTI €H3MMIB aHTUOKCUAAHTHOI CUCTEMM.

BucHoBku. TpuBana apTepianbHa rinepTeHsia npu3BoanTb A0 3HAYHOrO MPUrHIYEHHs aHTUOKCUAAHTHOI CUCTEMU MO3KY, WO MposiB-
NSETBCA 3HWKEHHSIM PIBHIB CynepoKkcMaancMyTasu, rmyTaTioHNnepoKcMaasn Ta BigHOBMEHOrO riyTaTioHy, a TakoX 36inbLUeHHAM OKuC-
nioBanbHoOi Mogudikadii 6inkie, a came NiaABULLEHHAM PiBHA anbAerigauHiTpoderinrigpasoHiB Ta kapbokcudeHinrigpasoHie. Kopekuis
BMCOKOrO apTepianbHoro Tucky 6era-6nokatopamu pisHUX NOKOMiHb NPM3BOAMTL 40 HOpManisauii apTepiansHoro Tucky. Kopekuisi Buco-
KOro apTepianbHOro TUCKy HecenekTuBHUMK BeTa-6nokaTtopamu (MponpaHosorn) He Mae 0cobNMBOro BMAMBY Ha CTaH aHTUOKCUAAHTHOI
CcHUCTEMU B TKaHMHax Mo3ky. bpuaHunin HecenekTuBHWI GeTa- Ta anbdal-agpeHobnokaTop (kapBeaunon) Mae NomipHy aHTMOKCUAAHT-
Hy akTuBHicTb. «[linepTpun», HoBa noxigHa 4-amiHo-1,2,4-Tpia3ony, WO XapakTepusyeTbCs $sIK CynepcenekTuBHWN GeTa-
appeHobnokaTtop 3 NO-mogyniotoyoto gieto, Mae 3Ha4yHy aHTMOKCUAAHTHY aKTUBHICTb.

KniouoBi cnoBa: apTepianbHa rinepTeHsis; 6eTa-6rokaTopu; OKCUAATUBHUIA CTPEC; TiNoKamn.



