BIONOrIA / BIOLOGY

DOI 10.29254/2077-4214-2025-4-179-86-93
UDC 611.018.21:57.084/.085.23:612.017.2:612.595:577.121
Myrnyi V. H., Moisieieva N. M.

METABOLIC COMPONENT OF ADAPTATION TO COLD STRESS IN IN VIVO

AND IN VITRO EXPERIMENTS
Institute for Problems of Cryobiology and Cryomedicine, NAS of Ukraine (Kharkiv, Ukraine)
ukrainanataliy@gmail.com

In the present work, a comprehensive study of metabolic and cellular responses to cold stress in in vivo and in
vitro models was conducted, allowing the assessment of the effect of the synthetic neuropeptide dalargin on the
formation of adaptive metabolic and cytoprotective responses. It was found that administration of dalargin signifi-
cantly increased blood triglyceride concentrations, which were reduced under chronic cold stress, while the total
cholesterol concentration remained decreased. This dynamic indicates the selective action of the peptide on rapidly
mobilized energy lipids, whereas cholesterol is regulated by complex, long-term synthesis and degradation mecha-
nisms. It is emphasized that maintaining triglyceride levels is critically important for ensuring the energy homeostasis
of the organism under cold stress conditions.

In vitro, cold stress was found to reduce the mitotic index and viability of fibroblasts, whereas dalargin partially
prevents the development of these negative changes.

Integration of in vivo and in vitro data provides grounds to conclude that dalargin acts as a selective metabolic
and cytoprotective agent, ensuring rapid adaptation of lipid and energy metabolism, maintaining cellular activity
and viability under stress conditions, and contributing to the stabilization of systemic homeostasis. The results high-
light the potential of dalargin as an effective modulating factor for supporting metabolic and cellular adaptation

under cold stress.
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Connection of the publication with planned re-
search work.

The study was conducted within the framework of
the SRW “Investigation of the protective effects of syn-
thetic analogs of neuropeptides on the organism of
homeothermic animals and isolated cells exposed to cold
stress”, state registration No. 2.2.6.136 (0121V100384).

Introduction.

The study of metabolic activity in cells and tissues in
vivo and in vitro represents a key approach for a com-
prehensive understanding of organismal responses to
cold stress at different levels of biological organization.
In vivo models allow assessment of the integrated or-
ganismal response, including the interaction of neuroen-
docrine, metabolic, and thermoregulatory mechanisms,
whereas in vitro approaches provide the opportunity
for a detailed analysis of cellular adaptations, including
the reorganization of energy metabolism, mitochondrial
function, lipid homeostasis, and membrane structures
[1]. The integration of these two levels of investigation
forms a multiscale model, enabling evaluation of cold-in-
duced responses from the systemic to the cellular level.
Such an approach is particularly relevant in contempo-
rary studies of stress-induced metabolic changes, allow-
ing identification of specific regulatory mechanisms that
may remain undetected in purely in vivo or in vitro con-
ditions. With the growing interest in neurohumoral reg-
ulation of metabolism, the endogenous opioid system
has received particular attention. As a key component
of the anti-stress response, it is capable of modulating
metabolic homeostasis, including the regulation of lipid
metabolism and energy balance. In this context, evalu-
ating the role of the opioid system through combined in
vivo and in vitro studies allows integration of systemic

and cellular aspects of adaptation to cold. Special atten-
tion in these studies is focused on dalargin — a synthetic
analog of Leu-enkephalin — which, according to the liter-
ature, exhibits anti-stress, protective, and metabolically
modulatory effects, making it a promising tool for inves-
tigating opioid regulation of adaptive processes under
cold exposure [2, 3].

It is well established that cold stress (CS) significantly
affects lipid metabolism, as lipids serve as primary reg-
ulators of cellular energy supply and structural stability
[1, 2, 3]. Triglycerides (TG) act as the main substrate for
B-oxidation and thermogenesis, and their mobilization
reflects the intensity of lipolysis and the overall meta-
bolic activity of tissues [4]. Total cholesterol (TC) is an
essential component of biological membranes, deter-
mining their fluidity and stability under low-tempera-
ture conditions, and also serves as a precursor for the
synthesis of steroid hormones that regulate the stress
response [5, 6].

Assessing cell viability and proliferative activity is
crucial for understanding their adaptive potential under
cold stress and allows an objective evaluation of da-
largin’s protective role as a modulator of cellular resil-
ience, membrane integrity, and regenerative capacity.

The aim of the study.

To evaluate the impact of cold stress on the lipid pro-
file in vivo and on cell proliferation and viability in vitro,
and to determine the protective role of opioid peptides.

Object and research methods.

In vivo studies were conducted on sexually mature
male Dunkin-Hartley guinea pigs, aged 5-6 months, with
an average body weight of 600-800 g. The animals were
housed under standard vivarium conditions at the In-
stitute for Problems of Cryobiology and Cryomedicine,
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NAS of Ukraine. All procedures involving animals were
performed in accordance with the rules and recommen-
dations of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Council of Europe, Strasbourg,
1986) and approved by the Bioethics Committee of the
Institute (Protocol No. 5, 22.11.2022)

Animals were divided into three groups: Intact group
— animals not exposed to chronic cold stress (CCS) and
maintained at 189C; control group — animals adminis-
tered 0.5 mL of saline subcutaneously 30 minutes prior
to CCS; Dalargin-treated group — animals administered
dalargin at a dose of 100 pg/kg subcutaneously 30 min-
utes prior to CCS. A total of 36 animals were included in
the experiment, distributed into four groups of 12 ani-
mals each.

CCS was modeled according to the methodology [7],
adapted to laboratory conditions by modifying the tem-
perature regime to ensure reproducibility of the stress
response while maintaining ethical standards of animal
care: animals were alternately exposed to 18°C and 4°C,
initially for one hour, followed by a 5-day cycle of 12
hours at 4°C and 12 hours at 18°C. Stress exposure was
terminated on the 6th day, followed by blood collection
via jugular vein puncture.

Serum triglyceride concentrations were deter-
mined using an enzymatic colorimetric method involv-
ing sequential action of lipase, glycerol kinase, glycer-
ol-3-phosphate oxidase, and peroxidase, resulting in a
colored complex. A commercial kit Triglycerides liquicol-
or (Philicit Diagnostics LLC, Ukraine) was used according
to the manufacturer’s instructions.

Total cholesterol concentration in serum was mea-
sured using an enzymatic colorimetric method involving
cholesterol esterase, cholesterol oxidase, and perox-
idase. A commercial kit Cholesterol total (Philicit Diag-
nostics LLC, Ukraine) was used in accordance with the
manufacturer’s instructions. Optical density was mea-
sured spectrophotometrically at 500-550 nm.

In vitro studies were performed on L929 cells main-
tained for four passages. Prior to the experiment, the
culture had been cryopreserved according to the insti-
tute’s protocol and stored in the low-temperature cell
bank of the Institute for Problems of Cryobiology and
Cryomedicine, NAS of Ukraine. Cells were cultured in
DMEM/F12 medium (Biowest, France) supplemented
with 10% fetal bovine serum (Biowest, France), 200 IU/
mL benzylpenicillin (Arterium, Ukraine), and 200 pg/mL
streptomycin (Arterium, Ukraine), in a humidified in-
cubator with 5% CO, at 37°C. For trypsinization, 0.25%
trypsin solution (Sigma, USA) in Versene solution (PAA,
USA) was applied for 5 minutes and then removed with
DMEM/F12 medium.

Mitotic activity of L929 fibroblasts in monolayer (7th
day of cultivation) was assessed 24 and 48 hours after
cold stress exposure. Cultures were fixed in 96% etha-
nol, incubated in 1% hematoxylin solution (Sigma-Al-
drich, USA), washed in PBS, and then stained with 1%
eosin (Sigma-Aldrich, USA). Mitotic activity was evalu-
ated using an inverted microscope, counting cells with
morphological signs of mitosis among 500 analyzed fi-
broblasts. The mitotic index (M) was calculated as: Ml =
n/N e 100%, where n is the number of cells that entered
mitosis, and N is the total number of cells.

L929 cell viability was assessed using the trypan blue
exclusion method, counting unstained (live) and stained
(dead) cells according to the classical protocol [8].

Statistical analysis was performed using Statistica 10
(StatSoft, USA) and Excel (Microsoft, USA). Normality of
distribution was assessed using the Shapiro-Wilk W-test.
Results are presented as mean * standard deviation for
normally distributed data. Differences between groups
were evaluated using the Mann-Whitney test, with sta-
tistical significance set at p<0.05.

Research results and their discussion.

In vivo studies present the lipid profile results,
demonstrating changes in triglyceride and cholesterol
concentrations in guinea pig serum under cold stress and
following pharmacological intervention with dalargin.

As shown in table 1, chronic cold stress (CCS) led to a
pronounced twofold decrease in serum triglyceride (TG)
levels compared to the intact group (p<0.05). This pat-
tern may result from the active utilization of TG as an
energy source to support thermogenesis and adaptive
processes in response to cold, as well as from increased
B-oxidation of fatty acids in metabolically active tissues
[9].

Administration of the synthetic neuropeptide da-
largin caused a significant increase in TG levels com-
pared to the CCS group (p<0.05), indicating its regulatory
effect on lipid metabolism (table 1). It is likely that the
synthetic neuropeptide contributes to the attenuation
of excessive lipolysis.

Table 1 — Serum Triglyceride and Total Cholesterol
Concentrations in Animals under Different
Experimental Conditions

Parameter
Groups Triglycerides | Total cholesterol
(mmol/L) (mmol/L)
Intact animals 1.03+0.04 1.54+0.09
Chronic cold stress (CCS) 0.53+0.03* 1.07+£0.05*
CCS + dalargin 0.72+0.02*# 1.09+£0.09*

Notes: * — statistically significant compared to the intact group
(p<0.05); # — statistically significant compared to CCS (p<0.05).

These results are consistent with data demonstrating
the potential for pharmacological correction of cold-in-
duced changes in lipid metabolism [10]. It was also
found that CCS led to a 1.4-fold decrease in total choles-
terol (TC) levels in serum compared to the intact control
group (p < 0.05). Administration of the synthetic neuro-
peptide dalargin did not affect or restore TC levels. Con-
sidering the normalization of triglycerides (TG) following
dalargin treatment, this discrepancy is likely due to the
intrinsic characteristics of metabolic regulation: TG are
rapidly mobilized and actively oxidized, allowing dalargin
to promptly influence their concentration by modulat-
ing lipolysis and B-oxidation of fatty acids. In contrast,
cholesterol serves structural and signaling roles in mem-
branes and acts as a precursor for steroid hormone syn-
thesis; its regulation is slower and more complex, requir-
ing time for synthesis and replenishment, which explains
the absence of an immediate effect after a single pep-
tide administration [10, 11].

It is well established that cell viability is a key indica-
tor of metabolic potential, as only morphologically intact
cells are capable of maintaining membrane stability, pro-

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 — Issue 4 (179) 87

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



BIONIOrIA / BIOLOGY

liferation, and recovery in response to stress conditions,
including cold stress or exposure to neuropeptides [12].
Therefore, at the next stage of the study, the metabol-
ic activity of cells in 2D cultures was assessed using the
following parameters: cell viability and mitotic index
(table 2).

Table 2 - Viability of Monolayer Cells after
Cold Stress and Treatment with Dalargin
in L929 Cell Cultures

Parameters
Groups o Mitotic index, %
Viability, %
24 hours | 48 hours
Intact animals 98.0£0.2 |11.9+1.13|10.7+1.13
Cold stress (CS) 65.1+0.5 * |7.51+0.91*[8.2+0.13 *
CS + dalargin 89.0+4.0 # |8.31+0.42*(9.78+1.33 #|

Notes: *— statistically significant compared to the intact group
(p<0.05); # — statistically significant compared to CS (p<0.05).

The research results demonstrated that cold stress in
a 2D culture caused a 1.5-fold decrease in the number of
viable cells, whereas the addition of dalargin to the cul-
ture medium prevented these changes, maintaining the
level of viable cells at the control level (table 2).

A decrease in the mitotic index of L929 fibroblasts
24 hours after cold stress and dalargin administration
(by 1.6- and 1.4-fold, respectively, compared to intact
parameters) correlated with reduced cell viability, indi-
cating a close relationship between proliferative activity
and cell survival and reflecting a slowing of mitosis under
cold stress conditions, which is consistent with literature
data [13]. After 48 hours, the mitotic activity of cells in
cultures treated with dalargin recovered to the intact
level, which may be a consequence of the cytoprotective
effect of the neuropeptide, ensuring the maintenance of
cellular homeostasis and functional activity under cold
stress [2, 3].

Thus, the experiments demonstrated that adminis-
tration of the synthetic neuropeptide dalargin contrib-
uted to the normalization of serum triglyceride (TG)
levels, whereas the concentration of total cholesterol
(TC) remained reduced. This dynamic indicates the high
specificity of dalargin’s metabolic action: the peptide
rapidly corrects the levels of energy lipids, particularly
triglycerides, which are critical for maintaining energy
metabolism during cold stress [14, 15].

The decrease in total cholesterol despite the resto-
ration of triglycerides can be explained by the complex
nature of cholesterol regulation: it performs structural
and signaling functions in cell membranes, serves as a
precursor of steroid hormones, and is regulated by lon-
ger-term mechanisms of synthesis and degradation,
which makes its rapid recovery after a single peptide
administration unlikely. In contrast, triglycerides are rap-
idly mobilized energy substrates, and their levels can be
promptly modulated through the regulation of lipolysis

and B-oxidation of fatty acids, which is supported by the
results of our experiment. Therefore, the in vivo findings
highlight the potential of dalargin as a selective meta-
bolic modulator that ensures rapid adaptation of lipid
metabolism to cold stress while maintaining the stability
of the organism’s energy homeostasis.

In vitro studies showed that dalargin maintains the
mitotic index and cell viability during cold stress, demon-
strating its cytoprotective and regulatory effects on the
cell cycle. This effect is likely associated with dalargin’s
ability to modulate signaling pathways responsible for
proliferation, apoptosis, and stress responses, as well as
with the support of mitochondrial energy metabolism,
which is critical under cold stress conditions [16, 17].

By drawing parallels between the tendency toward
normalization of triglyceride levels in vivo and the main-
tenance of mitotic activity in vitro, it can be concluded
that dalargin exerts a protective effect at both systemic
and cellular levels under cold stress conditions. Thus, the
integration of in vivo and in vitro data demonstrates that
dalargin acts as a selective metabolic and cytoprotective
agent capable of maintaining energy and lipid balance at
the organism level and ensuring proliferative and meta-
bolic activity of cells under stress conditions.

Conclusions.

The study demonstrated that dalargin effective-
ly modulates metabolic and cellular responses to cold
stress. In vivo, it promotes a tendency toward normaliza-
tion of triglyceride levels, while the reduced cholesterol
does not undergo rapid changes, indicating its selective
action on mobile energy substrates. In vitro, dalargin
restores the mitotic index and viability of fibroblasts,
reducing the negative impact of cold on cellular metab-
olism. Taken together, the data confirm the cytoprotec-
tive and metabolically regulatory potential of dalargin
under cold stress conditions.

Prospects for further research.

Further studies should be aimed at elucidating the
molecular mechanisms of dalargin action under cold
stress conditions, in particular its effects on opioid re-
ceptors, calcium homeostasis, and mitochondrial signal-
ing pathways. It is advisable to investigate dose-depen-
dent effects, long-term adaptive changes, and possible
epigenetic shifts that contribute to cellular resistance
to repeated stress. A promising direction is the study of
dalargin interactions with other neuropeptides and lipid
mediators, as well as evaluation of its effects on different
cell types and tissues. At the applied level, testing da-
largin as a potential cytoprotective and metabolic mod-
ulator in cryomedicine, regenerative technologies, and
hypothermic exposure conditions remains relevant.
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Y npedcmasneHili pobomi nposedeHO KOMrseKCcHe 00CniOxeHHA memaboniyHux i KAimuHHUX peakyili Ha
Xxonodosuli cmpec y modensax in vivo ma in vitro, ujo 603801us0 oyiHUMU 8MaAU8 CUHMemMuUYHo20 Helipornenmuoy
danapeaiHy Ha hopmysaHHA adanmauyiliHux memaboniyHux i yumornpomexkmopHux gidnosideli. BcmaHo8neHo, W0
88e0eHHsA 0anapaiHy crnpusAsao 3HaYywWomy nidsUU,EeHHIO KOHUeHMpauii mpuaniyepudis y Kposi meapuH, 3HUHEHO20
30 YMO8 XPOHIYHO20 X0/10008020 cmpecy, MoOi AK KOHUEeHMpPAyia 3020/7bH020 XonecmepuHy 30auuanacs
3HUMCeHoto. Taka OUHAMIKa c8id04ume rpo cenekmusHy 0ito nenmudy Ha WeUOKo Mobini308aHi eHepaemuYHi niniou,
moO0i AK XxonecmepuH pe2yanremscs CKAAOHUMU MPUBAAUMU MeXaHismamu cuHmesy ma dezpadayii. [lidkpecneHo,
wo nidmpumka pieHa mpueniyepudie KpUMuU4YHO 8axnusa 08 3abe3rnevyeHHs eHep2emuyHo20 20Meocmasy
Op2aHi3My 8 yMo8sax xon0008020 cmpecy.

In vitro cmaHo81eHO, Wo x010008Uli cMmpec 3HUXYE MimomuyHull IHOeKc i xumme3odamHicme ¢ibpobaacmis,
modi Ak 0anapeiH Yacmkoso 3armobieae Po38UMKY LUX HE2AMUBHUX 3MiH.

IHmeezpayis daHux in vivo ma in vitro 00380s5€ 3p0bUMU BUCHOBOK, W0 0anapaiH BUCMYNAE AK cenekmusHuli
memaboniyHuli ma yumonpomeKkmopHuli azeHm, sKuli 3a6e3nevyye weudky adanmayito ainidHo2o ma
eHepeemuyHo20 06MiHY, MiIOMPUMYE KAIMUHHY KMUBHICMb | YUMME3OAMHICMb y cmpecosux yMosax i Cripuse
cmabineHocmi 2omeocmasy opeaHismy. OmpumaHi pe3yasmamu nioOKpecaoms nomeHyian oanapaiHy AK
eheKmusHo20 MOOY/Y020 YUHHUKA 044 nidmpumku memaboniyHoi ma kaimuHHoOi adanmayii 8 ymosax

X0/10008020 cMpecy.

Karwuoei cnoea: kpiobionoeis. xonodosuli cmpec, einomepmis, 2omoliomepMHi meapuHu, memabosizm,
ninioHuli 0bmiH, mimomuyHull iIHOEKC, umme3odamHicme KaimuH, Helipornenmuou.

3B’A30K ny6nikauii 3 nhaHoBMMM HayKoBO-goCNig-
HUMU poboTamu.

LocnigeHHA BUKOHaHO B pamKkax HAOP «JocnigxeH-
HA 3aXWUCHOI Ail CMHTETUYHMX aHaNoriB HelMponenTuais
Ha OpraHi3am romoioTePMHNX TBAPUH Ta i30/1bOBaAHI K-
TUHW, NigAaHI XON040BOMY CTPECY», HOMepP AepPXHKaBHOI
peecTpauii Ne 2.2.6.136 (0121V100384).

Bctyn.

JocnigkeHH MeTaboniuyHoi aKTUBHOCTI KAITUH i
TKaHWH in vivo Ta in vitro € KAIYOBMMM IHCTPYMEHTaMM
ONA KOMMN/IEKCHOTO PO3YMIHHA peakuiii opraHismy Ha
XOJI0Z0BMI CTPEC Ha Pi3HMX PiBHAX BionoriyHoi opraHi-
3aujii. Mogeni in vivo 4,03BONAIOTb OLIHUTK iHTErpoBaHy
BiAMOBiAb OpraHiamy, BK/OYAOUYM B3aEMOAiO Helpo-
€HAOKPUHHUX, MeTaboNiyHMX Ta TepMOpPEerynaToOpHUX
MexaHi3miB, ToZi AK migxogu in vitro 3abesneuytoTb
MOM/IMBICTb AETaNi30BaHOr0 aHani3y KNTMHHWX agan-
Taui, 30Kpema nepebynoBM eHepreTMYHoro o6MmiHy,
MIiTOXOHApPIaNbHOT QYHKLIT, ninigHOro romeocrasy Ta
membpaHHUX cTpyKTyp [1]. MoeaHaHHA UMX ABOX PiBHIB
focniaxeHHa dopmye 6araTopiBHeBY moaesb, WO A03-
BOJ/IAIE OLiHIOBATM peaKL,ito Ha X004, Bi, CUCTEMHOTO A0
KNITUHHOTO piBHA. Takui Niaxig € 0cobnnMBO akTyaNbHUM
Y CYYaCHUX AOCNIAMKEHHAX CTpec-iHAyKoBaHMX meTabo-
NiYHUX 3MiH | [03BONAE BM3HA4YaTM crneundivyHi mexa-
Hi3MK perynauii, AKi 3aIMWATbCA HEMOMITHUMM Y BU-
K/HOYHO in vivo abo in vitro ymoBax. Y 3B’A3Ky 3 pocTom
iHTepecy 40 HellporymopanbHOi perynsuii metabonismy
ocobnunBy yBary npuBepTae eHAoreHHa onioigHa cucre-
Ma. fIK KNHYOBUIA KOMMOHEHT aHTUCTPECOBOI BigNoBiai,
BOHa 343aTHA MoOAyNtoBaTM MeTaboniyHui romeocTas,
30Kpema perynoBaTh NinigHNM obMiH Ta eHepreTUYHUM
6anaHc. Y LbOMy KOHTEKCTI OLiHKa posi onioigHoI cuc-
TeMM Yy MOEAHAHHI in vivo i in vitro go3Bonse iHTerpysa-
TW CUCTEMHI Ta KNITUHHI acneKkTW aganTauii 40 XonoAay.

Ocobnusy yBary y AOCNiAXKEHHAX NPUBEPTAE AanapriH
— CUHTETUYHUI aHanor nen-eHkedaniHy, AKUKM, 3a nite-
paTypHUMKU [AHUMU, LEMOHCTPYE aHTUCTPECoBY, Npo-
TEKTOPHY Ta meTabonivHO-MoAytooYY Aito, Wo pobuTtb
MOro NepcnekTMBHUM iHCTPYMEHTOM /1A BUBYEHHSA ONi-
oigHOI perynauii aganTauinHMx npouecis nig BNAMBOM
xonoay (2, 3].

Biaomo, wo xonogosuin ctpec (XC) cyTTeBO BNAMBAE
Ha NinigHMi metaboniam, OCKiNIbKM came AiniauM BUCTY-
natotb 6a3oBUMM perynatopamm eHepreTMYHoro 3a-
6e3neyeHHA Ta CTPYKTYPHOI cTabinbHOCTI KAiTWH [1, 2,
3]. Tpurniuepugm (TT) cAyryoTb FONOBHUM O¥KEpPesom
cybcTpaTiB on1a B-OKUCHEHHA Ta TepmoreHesy, a ix Mobi-
nisauis Bigo6parkae iHTEHCUBHICTb M1iN0OAI3Yy 1 3arasbHy
MeTaboniyHy aKTUBHICTb TKAHWH [4]. 3aranbHuin xonec-
TepuH (3XC) € BaXKAMBMM KOMMOHEHTOM BiomembpaH,
BM3HAYaE IXHIO PIANHHICTb i CTabiNbHICTb Y HU3bKOTEM-
nepaTypHMX YMOBaXx, @ TaKOX BMUCTYMNaE nornepeaHUKom
ONA CMHTe3y CTepoigHMUX FOPMOHIB, LLLO pPeryntrTb cTpe-
coBy Bignosiap [5, 6].

JocnifyKeHHA KUTTE3LATHOCTI Ta nposidepaTms-
HOI AaKTMBHOCTI KNITUH € KAKYOBUMMMU ANA PO3YMIHHA iX
a[anTUBHOIO NOTEHLiaNly B YMOBAxX X0/1040BOro CTpecy
Ta AatoTb 3MOry 06’€KTUBHO OLIHUTU NPOTEKTOPHY Aito
Oanapriy Kk moaynatopa KAITMHHOI CTiKoCTi, memb-
PaHHOI LjilicHOCTI 11 BigHOBMOBA/IbHOI 343aTHOCTI.

MeTta gocnigeHHs.

OUiHMTM BN/IMB XON040BOrO CTPECY Ha NiNigHWIA nNpo-
¢inb in vivo Ta nponidepauito i KUTTE3AATHICTb KNITUH
in vitro Ta BU3HAYMTM NPOTEKTOPHY PO/Ib ONiOIAHUX Nen-
TMaiB.

O6’eKT i meTOAU AOCNiAXKEHHA.

LocnigeHHsa in vivo NnpoBefeHO Ha CTAaTeBO3PINMX
camuAX MOPCbKMX CBMHOK JiHii Dunkin-Hartley Bikom
5-6 micauis i3 cepegHboto Baroto 600-800 r. TeapuHu
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YTPUMYBANNCb Y CTAaHOAAPTHUX YMOBaxX BiBapito IHCTUTY-
Ty npobaem Kpiobionorii i KpiomeanunHn HAH YKkpaiHu.
Bci maHinynauii 3 TBapnHamm nposoaAnauncA Bionosig-
HO 40 npasun i pekomeHpaui European Convention
for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes/Council of
Europe (Strasbourg, 1986). KomiTeT i3 6ioeTUKN IHCTUTY-
Ty npobnem Kpiobionorii i KpiomegnunHn HAH Ykpainum
(npoTtokon Ne 5 Big, 22.11.2022 p.).

TBapuHKU 6ynun nogineHi Ha Tpu rpynu: 1) iHTaKTHa
rpyna (TBapuHM, AKUX He MigaaBanu Aii XPOHIYHOro Xo-
noposoro ctpecy (XXC) i yTpumyBanu npwu TemnepaTypi
182C); 2) KoHTpONbHa rpyna (TBapuUHM, AKMM BBOAUAMU
0,5 mn ¢isionoriyHoro po3umHy nig, wripy 3a 30 x8 o
mogentoBaHHA XXC); 3) rpyna TBapwWH, AKMM BBOAUAM
npenapat ganaprid y Aosi (100 mkr/kr) nig, wkipy 3a 30
XB A0 mogentoBaHHA XXC; o ekcnepumeHTy byno 3any-
YeHOo 36 TBapPMWH, PO3MNOAiINEHUX Ha YOTMPU rpynn no 12
TBAPWH Y KOXKHIN.

MogentoBaHHsa XXC 3pilicHIOBanM 3a METOAMKOM
[7], apanToBaHoto o ymoB nabopaTtopii wasxom mo-
andikauil TemnepaTypHOro pexumy, Wo 3abesneynno
BiATBOPIOBAHICTb CTPECOBOI BiAnoBiAjl Npu 36eperkeHHi
€TUYHUX CTaHZAPTIB YTPMMAHHS TBAapUH: AKUX NO Yepsi
yTpumyBanu npm Temnepatypi 18 ta 4°C cnoyaTtky npo-
TArOM OZAHI€EI roAMHMK, a NoTim npoTarom 5 Ai6 — 12 rogmH
npw Temnepatypi 4°Ci 12 roamH npu 18°C. Ctpecose Ha-
BaHTAXEHHA NPUNUHANN Ha 6-11 AeHb | npoBoanau 3abip
KPOBI LWAAXOM NYHKLiT APEeMHOi BEHW.

KoHueHTpauito Tpuraniuepmais y cupoBaTli Kposi
BM3HaYaM GepMEHTAaTUBHUM KONOPUMETPUYHUM Me-
TOAOM, LLLO BKAKOYAE NOCNIAOBHY Ait0 ninasu, raiuepon-
KiHa3w, rniuepon-3-pocdhaToKkcmaasm Ta nepokcmaasm, 3
yTBOpeHHAM ¢papboBoro Komniekcy. Bukopuctosysanm
KOMepLiliHMiA Habip «Triglycerides liquicolor», Bupo6-
HUK: TOB «®iniciT-fiarHocTMka», YKpaiHa, BignosigHO
00 iHCTPYKLji BUpOBHMKa.

KoHueHTpaL,ilo 3aranbHOro Xo/NecTepuHy B CUPO-
BaTLi BM3HA4YanuM 3a [ONOMOrod GepmMeHTaTUBHOIO
KOJIOPUMETPUYHOIO MeToAy, WO BK/YAE NOCAIfOB-
HY Ait0 XonecTepmHecTepasn, XOoNeCcTepuHOKCMAasn Ta
nepokcMaasu. BuKopucToByBasiv KomepuinHUA Habip
«Cholesterol total», BupobHuMK: TOB «®iniciT-AiarHocTun-
Ka», YKpaiHa, 3rifHO 3 iIHCTPYKLi€0 BUPOOHUKA. ONTUYHY
LWiNIbHICTb PO3YMHIB BUMipIOBanN cnekTpodpoToMeTpuy-
Ho npu 500-550 Hm.

JocnigeHHa in vitro BMKOHaHIi Ha KAiTWMHaX NiHil
L929, nigTpnmaHoi npoTtarom 4 nacaxis. Lo LbOro Ky/b-
Typa b6yna KpiOKOHCepBOBaHa 3rifHO 3 MPOTOKO/IOM Ta
3bepiranaca y HM3bKOTEMNEPATYPHOMY 6aHKy IHCTUTY-
Ty npobnem Kpiobionorii Ta KpiomeanunHn HAH YKpa-
THW. KAiTWUHHY AiHilO nNigTpyumyBanu 3 BUKOPUCTAHHAM
uBUNbHOro cepesosuuwa DMEM/F12 («Biowest»,
®paHuin), gonosHeHoro 10% ¢eTanbHOK TENAYOHD CU-
poBaTtkoto («Biowest», ®paHuis), 200 Oa/mn 6eHsu-
nneHiymniHom («Arterium», YKpaiHa) Ta 200 mKr/mn
cTpenTomiumHom («Arterium», YKpaiHa), y 3BON0XKEHO-
My iHKy6aTopi 3 5% CO2 npw 370C. Ona TpuncuHisau,ii
BuKopuctoByBanu 0,25% po3umH TpuncuHy («Sigmay,
CLUA) y po3uuHi BepceHy («PAA», CLLA), BuTpumysanm
5 XBW/IMH Ta BigMnBaNM Big GepmMeHTHOro po3ymHy ce-
penosuwem DMEM/F12.

OujiHKa MITOTMYHOI aKTUBHICTI ¢ibpobnacTie L929 y
CKnaaj moHolapy (7-oi 4obu KynbTMBYBaHHSA): yepes 24
Ta 48 roauH nicna Aii XoNo[0BOro CTpecy KATUHHI Ky/b-

Typu dikcyBanm y 96% etaHoni, nicna 4oro iHKybyBanum y
1% po3uunHi rematokcuniHy (Sigma-Aldrich, CLUA) 3 no-
Oanblwmm npommeaHHAM y PBS. 3asepluanbHum etanom
3givicHioBann $apbyBaHHA KNITUH 1% po3YMHOM eo3u-
Hy (Sigma-Aldrich, CLUA). MiTOTUYHY aKTUBHICTb KNITUH
OLiHIOBaNN 32 AOMOMOrOH iHBEPTOBAHOIO MiKPOCKOMY.
MNiapaxoByBanu KiNbKicTb KNITUH 3 MOPHONOTIYHUMM 03-
Hakamu miTo3y cepen 500 npoaHanizoBaHux pibpobnac-
TiB. MiToTUYHMI iHaeKc (MI) Bu3Hayanu 3a dopmysnoto
Ml =n /N e 100%, e N — YMC/IO KITUH, LLO BCTYMUAN Y
MmiTo3, N — 3aranbHa Ki/IbKiCTb KNiTUH.

MutresgatHictb pibpobnacTis L929 BU3HaAYan me-
TOOAOM EKCK/03ii TPMNAHOBOro CMHbLOFO, AKUIA NONATae
y nigpaxyHKy He3abapBneHux (3knsmx) Ta 3abapBieHmx
(MepTBUX) KAITMH 3rigHO 3 KNACMYHMUM MPOTOKOIOM [8].

[na ctaTucTMyHOro aHanisy gaHuWx BMKOPUCTOBYBa-
nv nporpamu Statistica 10 («StatSoft», CLUA) ta Excel
(Microsoft, CLLUA). HopmanbHicTb po3noginy BusHavanm
3a gonomoroto W-kputepito LLanipo-Yinki. Pesynbratu
EeKCMepuMeHTiB NpeacTaBAeHi Yy BUMAAI cepefHboro
3HaYeHHA * CTaHZAPTHE BiAXWIEHHA ANA AaHUX 3 HOp-
ManbHMUM po3noginom. CTaTUCTUYHY 3HAYUMICTb BigMiH-
HOCTEN MiXK rpynamu oLiHIOBa N 32 JONOMOTO KpuTe-
pito MaHHa-YiTHi (414 ycix gaHumx). BigMiHHOCTi BBaXKanu
CTAaTUCTUYHO 3HaYMMKUmmM npu p<0,05.

Pe3ynbTatv AocnigKeHHA Ta ix 06roBopeHHs.

Y pocnigKeHHAX in vivo npeactaBneHo pesynbratu
ninigHoro npodina, AKi 4eMOHCTPYIOTb 3MiHM KOHLEH-
Tpauii Tpurniyepiais i xonectepuHy —y CMpoBaTLL KPOBi
MOPCbKMX CBMHOK 33 YMOB XOJIOAOBOrO CTpecy Ta nif
BM/IMBOM $apMaKo/IOrivyHOT KOpeKLii Aanapriny.

3 npeactaBneHnx B Tabnuui 1 pesynbratie BUAHO,
wo XXC npn3BoaAnB 40 BMPAXKEHOTO 3HUXKEHHA Y 2 pa3u
KOHUeHTpauii Tpurniuepuais (TI) y cMpoBaTLi nopiBHA-
HO 3 iHTaKTHOtO rpynoto (p<0,05). Taka ANHaMiKa MoKe
6yTM HacNigKOM aKTUBHOTO BUKOpUCTaHHA Tl AK axepe-
Na eHeprii g4na NiATPMMKKM TepmoreHesy Ta aganTauin-
HUX NPOLLECIB Y BiANOBIAb Ha X004, @ TAKOXK NiAgBULLEHY
iHTEHCMBHICTb B-OKMCHEHHA XUPHUX KUCAOT Yy MeTabo-
NIYHO aKTUBHMX TKaHUHax [9].

BBeAEHHA CUHTETUYHOrO HeMponenTUay AanapriHy
npu3BoAMA0 A0 3Havyuoro (p < 0,05) 36inblweHHA BMic-
Ty TT nopiBHAHO 3 rpynoto XXC, Wwo cBig4MTb Npo 1oro
perynatopHy Aito Ha AninigHuit meTtabonisam (Tabn. 1).
MMOBIpPHO, CUHTETUYHMIT HEMPONenTUA CNPUAE 3MEH-
LEHHI0 HagMipHOTO Ninonisy.

Tabnuua 1 — KoHueHTpauina Tpurniuepigis
Ta 3ara/ibHOro Xo/1eCTepUHY B CUPOBATLLi KPOBI
TBapWH 3a Pi3HMX YMOB €KCNEepUMEHTY

MoKa3HUK
Movnu . XonectepuH
oY Tp{'ﬂ;ﬂgﬁsﬁ?m’ 3aranbHUi,
(monb/n)
IHTaKTHi TBapuHU 1,03+0,04 1,54+0,09
XpOHi4HUI xonoa08BUi cTpec 0.53+0,03* 1.07+0.05*
(XXC) ’ =Y 7 -
XXC+panapriH 0,72+0,02*# 1,09+0,09*

Mpumitkn: * — CTaTUCTUYHO 3Hauylwe BIAHOCHO iHTAKTHOI rpynu
(p<0,05); # — cTaTMCTMUYHO 3HauyLLe BigHOCHO XXC (p<0,05).

Lli pe3ynbraTv y3rofKykTbCA 3 AaHMMM, LLO MOKa-
3YI0Tb MOMK/MBICTb HapPMaKo/IOriYHOT KopeKLii xonono-
iHAYKOBaHWX 3MiH y ninigHomy obmiHi [10]. Takox 6yno
BCTAHOB/IEHO, WO XXC npmM3BOAMB [0 3HUKEHHA BMICTY
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3arasnbHoro xonectepuHy (3XC) y cuposaTui Ha 1,4 pasa
NOPIBHAHO 3 IHTAKTHOI KOHTPO/bHO rpynoto (p<0,05).
BBeAEeHHA CUMHTETUYHOrO HelponenTuay AanapriHy He
BMN/IMBANO i He NpuU3BeNo A0 BiaHOBAeHHA pisHA 3XC.
BpaxoBytoun paHi Wwoao Hopmanisauii Tpurnilepuais
(TT) nichs BBeaeHHs ganapriHy, Taka BiAMiHHICTb, UMO-
BipHO, 3yMOB/IEHa BHYTPILIHbOW crneundikoo meTabo-
NiyHoi perynauii: TI WBNAKO MOBiNi3ytoTbCA Ta aKTUBHO
OKWCHIOIOTbCA, WO [A03BONAE AanapriHy onepaTMBHO
BM/IMBATM Ha iX KOHLEeHTpaLito Yepe3 mogudikauito fino-
Ni3y Ta B-OKMCHEHHSA }KUPHUX KUCAOT. Y NPOTUNEKHICTb
LbOMY, XO/IeCTEPUH BUMKOHYE CTPYKTYPHi Ta CUrHa/bHI
byHKLiT y membBpaHax, a TaKoX CAyrye nonepesHUKoOm
0N CUHTe3Y CTepOoigHMX TOPMOHIB; MOro perynsuia Bia-
6yBa€ETbCA NOBINbHILLE Ta CKAaZHIWe, noTpebyroun vacy
0N CMHTEe3y W BiAHOBAEHHA 3anaciB, WO MOACHIOE Bi-
CYTHiCTb WwBMAKOro edekTy nicaa 04HOPA30BOro BBe-
AeHHa nentuay [10, 11].

Bigomo, WO XKUTTE3AATHICTb KAITUH BUCTYMAE KO-
YOBMM MOKA3HUKOM IXHbOTO MeTabosiYHOro noTeHLi-
any, agxke nuwe mopdONOriYHO LifiCHI KAITUHW 34aTHi
niaTpumyBaTM CcTabinbHiCTb MembpaH, 3ailicHioBaTH
nposidepalito Ta BigHOBMEHHA Y Bi4NOBiAb Ha CTPeCoBI
YMOBMW, 30Kpema X0/1040BuiA cTpec abo BNAMB HENpo-
nentuais [12]. Tomy Ha HacTynHomy eTani poboTn 6yna
pocnigxeHa metabosiiyHa aKTUBHICTb KNITUMH y cKnaai 2D
KYZIbTYp 32 HAaCTYNMHUMW NOKA3HUKAMMW: }KUTTE3ZATHOCTI i
MITOTUYHOTO iHAEKca KNiTKH (Tabn. 2).

Pe3synbtat pocnig)KeHb NPOAEMOHCTPYBanM, LWO
XO/I0f0BUI cTpec y 2D-KynbTypi CNPUYNHAB 3MEHLLIEH-
HA KiNbKOCTI MXUTTE3ZATHUX KNiTUH y 1,5 pasa, Toai Ak
BBEAEHHA AanapriHy A0 KyAbTypa/bHOrO cepefoBuLLA
3anobirano uym 3miHam, NiATPUMYHOUN PiBEHb KUTTE3-
AATHUX KAITUH Ha piBHI KOHTpoto (Taba. 2).

Tabnunua 2 — }KuTreapaTHicTb KAITUH MOHOLWApY
nicasa Xxono40BOro CTpecy Ta A0A4aBaHHA Y Ky/bTy-
panbHe cepeaoBuLle KNiTUH L 929 panapriHy

MoKasHUKM
Tpynu Wuttespar-| MiToTMUHNI iHAeKe %
HicTb, % 24 rop, 48 ropg,
IHTaKTHI TBapuHK 98,0+0,2 11,9+1,13 10,7+1,13
Xonoposwuii ctpecc (XC)| 65,1+0,5 * | 7,51+0,91* | 8,2+0,13 *
XC+panapriH 89,0+4,0 # | 8,31+0,42* | 9,78+1,33 #

Mpumitkn: * — CTaTUCTMYHO 3Hauywe BiAHOCHO iHTAaKTHOI rpynu
(p<0,05); # — cTaTUCTMUYHO 3HauyLLe BigHOCHO XC (p<0,05).

3MeHLIeHHA MITOTMYHOro iHAeKkcy ¢ibpobnacTis
L929 yepes 24 rogMHKM nicna Xonoa0BOro CTpecy Ta o-
AaBaHHA ganapridy (y 1,6 i 1,4 pasa BignosigHo nopis-
HSIHO 3 IHTAKTHMMM MOKa3HMKAaMM) KOPEetoBano 3i 3HU-
YKEHHAM }KUTTE3LATHOCTI KAITWH, WO BKA3Y€E HA TICHWUM
B33aEMO3B’A30K MiXK MNpoJidpepaTUBHOK aKTUBHICTIO Ta
KNITUHHOK BUMKMBAHICTIO i CBIAYNTb NPO YNOBI/IbHEHHA
MiTO3y 338 YMOB X0/I00BOrO CTPECY, WO Y3roAKYyeTbCA
3 gaHumu nitepatypm [13]. Yepes 48 rogmMH MiTOTMYHA
AKTMBHICTb KNITUH Y KyAbTypi 3 A0AaBaHHAM AanapriHy
BiZLHOB/IOBA/IaCb A0 PiBHA iHTAKTy, WO MOXe OyTu Ha-
CNigKoM UMTOMPOTEKTOPHOI Aii HekponenTuay, AKWUN
3abesneuvye NiATPUMKY KAITUHHOIO roMeocTasy Ta GyHK-
LLiOHaNbHOI aKTUMBHOCTI B YMOBax X0/1040BOr0 CTpecy
[2, 3].

TakMM 4YMHOM, Yy NPOBEAEHUX EKCMepuMeHTax Ao-
BEeAleHO, L0 BBEAEHHA CUMHTETUYHOro Helponentuay
JanapriHy cnpuano Hopmanisaii piBHA Tpuriiuepuais
(TT) y cMpoBaTL,i, TOAj AK KOHLEeHTpaLia 3arajibHOro xo-
nectepuHy (3XC) 3anuiianacs 3HMKeHot. Taka AnuHami-
Ka CBigYMTb NPO BUCOKY crneundivHicTb meTabosiyHoro
BMN/AMBY AANapriHy: NenTua onepaTUBHO KOPUTYE pPiBEHb
eHepreTMYHUX Ninigis, 3okpema TT, WO € KOPUTUYHO BaXK-
NIBUM ANS NIATPUMKM eHepreTuyHoro obmiHy nig vac
xonogosoro ctpecy [14, 15].

3HmKeHHA 3XC, He3Barkatoum Ha BigHoBneHHA TT,
MOXHa MOACHUTU KOMIMJIEKCHOK MNPUPOAOID peryns-
Lii xonectepuHy: BiH BUKOHYE CTPYKTYPHi Ta CUrHa/bHI
dYHKUjT Yy membpaHax, € nonepegHUKOM CTepoigHUX
FTOPMOHIB | PEeryntoeTbCA TPUBANILLNMMM MeEXAHIZMaMM
CMHTe3y Ta Aerpagauii, wo pobuTtb Moro weuake Bia-
HOBJ/IEHHA NiCNA O4HOPA30BOro BBEAEHHA NenTuay ma-
NIOMOBIpHMM. Y ToW e Yac TI € wBuMAKo mobinisosa-
HUMW eHepreTUYHMMKU cybcTpaTamu, i iX piBeHb MoKe
onepaTMBHO KOPUryBaTUCA LUIAXOM peryaauii ninonisy
Ta B-OKMCHEHHA }KUPHUX KUC/IOT, LLO M NiATBEPAMKYETbCA
pesynbTatamum Haworo gocniay. To6Tto, oTpumaHi AaHi B
LOCNIAXKEHHAX in Vivo NiAKPeCcntoTb NOTeHLian ganap-
TiHY SIK CE/IEKTMBHOIO MeTaboNiYHOro MOAYNATOPA, KU
3abe3nevye WBMAKY aganTauito ninigHoro obmiHy Ao
XO/I04,0BOr0 CTPecy, 04HOYACHO MiATPUMYOUN CTabinb-
HICTb EHepreTMYHOro romeocTasy opraHiamy.

In vitro gocnigXeHHA Mokasanu, Wo Aanaprid nig-
TPUMYE MITOTUYHUI IHAEKC i KUTTE3AATHICTb KNITUH Mig,
Yyac X0/I0ZL0BOrO CTPecy, AEMOHCTPYHOUN MOro LUTONpPOo-
TEKTOPHY Ta PEryiATOpHY Aito Ha KAITUHHUIA LMKA. Takuit
edeKT, NMOBIpHO, MOB’A3aHMI i3 34aTHICTIO AanapriHa
[0 MOAYNALIT CUTHAaNbHMX LWAAXIB, WO BigNoBiAaloTb 3a
nponidepalito, anonTos i CTPecoBy BiAMNOBIAb, @ TAKOXK
NiATPUMKOI eHepreTMYyHoro metaboniamy MiToxoHApiN,
LLLO KPUTUYHO BaXK/MBO MpU Xono40Bomy cTpeci [16, 17].

MpoBogAYM napaneni mix TeHAEHLiE A0 HOpMani-
3aUii piBHA TpUrAiLepUAiB in vivo Ta 36epexeHHAM MiTo-
TUYHOI aKTUBHOCTI in Vvitro, MoXKHa AiATU BUCHOBKY, LLO
[anapriH YAHUTb NPOTEKTOPHY A0 AK Ha CUCTEMHOMY,
TaK i HA KNITMHHOMY PIBHAX 3@ YMOB XO/104,0BOrO CTPECy.
TaKMM YMHOM, iHTerpaLia AaHux in vivo i in vitro 4emoH-
CTPYE, O AaNapriH BUCTYMNAE AK CENEKTUBHUI meTabo-
NIYHUIA Ta UMTOMNPOTEKTOPHMUIA areHT, 34aTHUI NigTpu-
MyBaTWM €HepreTMYyHuin Ta AinigHuii 6anaHc Ha piBHi
opraHi3my i 3abe3sneyvysaTu nponidepaTuBHy Ta metabo-
NiYHY aKTUBHICTb KNITUH Y CTPECOBUX YMOBAX.

BucHOBKM.

Jocnig)KeHHs nokasano, Wo AanapriH epekTMBHO
MOAYNOE MeTaboNiuHi Ta KAITUHHI peakuii Ha xonoao-
BUIA cTpec. Y in vivo ymoBax BiH cnpuae TeHAeHLii 4o
HOpMani3aLii piBHA TPUMNILEPUAIB, NPU LLbOMY 3HUXKe-
HWI XONeCcTePUH He 3a3HAE LWBUAKUX 3MiH, WO CBIAYUTD
npo 1moro BMBipKoBY Ait0 Ha MODBI/IbHI eHepreTUyHi cyb-
CTpaTu. In vitro panapriH Bi4HOBNOE MITOTUYHUN iHAEKC
i »uTTe3gaTHicTb ibpobnacTiB, 3MEHLLYOUYM HeraTuB-
HUI BNAMB Xonody Ha meTaboniam KAituH. CyKymnHicTb
OaHUX NiATBEPANKYE LUTOMNPOTEKTOPHUI Ta meTaboniu-
HO PerynAToOpHWUIA NOTeHLian AanapriHy B yMOBaxX X0/10-
[0BOrO CTpecy.

MepcnekTMBKM NOAANBLUNX AOCNIAMKEHD.

Moaanbli 4OCNIAMKEHHA MatoTb BYTM CNPAMOBAHI Ha
3’cyBaHHA MONEKYNAPHUX MEXaHi3MiB Aii ganapriHy B
YMOBax X0/100BOr0 CTPecy, 30Kpema Moro BrnauMBY Ha
onioigHi peuenTopu, KasbLiEBUIA TOMEOCTa3 Ta MiTOXOH-
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ApianbHi cUrHanbHi WAaxu. JOUiNbHUM € BMBYEHHA  a TAKOX OLiHKA MOro BR/MBY Ha Pi3Hi TUNW KNITUH i TKa-
[03n-3anexHnx edekTis, TPUBaNUX afanTaliiHUX 3MIH  Luu Ha NPUKNAAHOMY PiBHi aKTyabHUM € TECTYBaHHSA
Ta MOMIMBUX enireHeTUYHUX 3pyLIEeHb, WO GOpPMYOTb
CTiIMKICTb KNITUH 40 MOBTOpPHOro cTpecy. lNepcrneKkTus- i ) ]
HWAM HaNPAMOM € AOCAIAKEHHS B3aEMOAT fanapriHy 3 TaOONIYHOTO MOAyNATOpa y KPiOMeAWLMHI, pereHepa-
iHWKWMKW HeMponenTUaAMM Ta NiNIAHUMW MediaTopaMK,  TUBHUX TEXHOOTIAX Ta YMOBax rinoTepmMiyHuUX BMJIMBIB.

AANapriHy AK NOTEHLiMHOIO UMTONPOTEKTOPHOrO Ta Me-
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METABOJ/IIYHA CKNAAOBA AOANTALIT 4O XONOA0BOrO CTPECY B EKCMEPMMEHTAX IN VIVO TA
IN VITRO

MupHwuii B. T., Moiceesa H. M.

Pestome. MeToto 6y/10 BUSHAUNTM MPOTEKTOPHMUIN NOTEHLia CUHTETUYHOTO HEMPONENTUAY AaNapriHy AK meTa-
601iYHOro Ta LMTONPOTEKTOPHOIO MOAY/IHOKYOr0 3acoby Ta MpOaHani3yBaTh MOro BN/MB Ha Pi3Hi piBHI BionoriyHoi
opraHisauii — opraHiamoBuii (in vivo) i KNiTUHHWMIA (in vitro) — 3a ymoB Xxo1040B0ro cTpecy. Y TBapuH BU3HAYaAM PiBHi
TpUrNiLepuAaiB i xonectepuHy nicaa xonody Ta BBeAeHHA Aanapriny. Y Kynbtypi ¢pibpobnactie L929 ouiHoBanun mi-
TOTUYHUI IHOEKC | KUTTE3AATHICTb KNITUH Nif Ai€0 XON0A40BOr0 CTPECy Ta AanapriHy, BUKOPMUCTOBYHOUM CTaHAAPTHI
LMTONOTIYHI meToam.

BBeneHHs ganapriHy npussoamno Ao 3Havyuworo (p<0,05) NiaBuLLLEHHS PiBHA TpUIiLepuaiB y TBApUH, AKi 3a-
3Ha/M XO/I040BOrO CTPECY, NPU LLbOMY He BM/IMBANO Ha PiBEHb 3aralbHOrO XONIECTEPUHY, AKUI BYB 3HUKEHUN Nig,
[Oi€I0 XPOHIYHOTO X0N1040BOr0 cTpecy. Y KynbTypi ¢pibpobnacTie L929 ganapriH cnpuas cTabinisaLii MiTOTUYHOTO iH-
AeKcy Ta NiATPMMYBaB BUCOKUIA piBEHb XUTTE3ZATHOCTI KAITMH, 3MEHLLYIOUYM NOPYLIEHHA MeTaboniYHOro noTeHuia-
Ny, iHAyKoBaHoro xonogom. OTpumaHi AaHi ceigyaTtb Npo BUBipkoBy MeTaboniyHy i LUTONPOTEKTOPHY A0 AanapriHy
Ta A0ro 34aTHICTb KOPUIyBaTU NOPYLIEHHA AiNigAHOro 06MiHY i KNITMHHOT aKTMBHOCTI Mig, Y4ac X0/1040BOrO CTPECY.

CYHTETUYHUIA HEMPONENTUA, AaNAPTiH NPOSABAAE BUPAXKEHNIN PErynATOPHUI edeKT Ha AinigHUIA 0BMIH | KNITUHHY
byHKUj0, cTabini3ytoum }KUTTE3AATHICTb KNITUH NPU X0040BOMY CTpeci. Pe3ynbTaTv NiaTBEPAXKYOTh MOro nepcnek-
TUBHICTb AK edeKkTMBHOro biomoaynATopa afganTaLiiHMX NPOLECIB Y OPraHi3mi, LLLO MOXe MATU NPaKTUYHE 3HaYeH-
HA AnA GapMaKoNorivHOI KOpeKLii HeraTMBHUX HACNIAKIB eKCTPeMasibHUX TemnepaTyp.

KnrouoBsi cnosa: Kpiobionoria. Xxonogosuit cTpec, rinoTepmisa, roMoMOTEPMHI TBAPUHK, MeTaboniam, AiniaHni
06MiH, MITOTUYHWUI IHAEKC, KUTTE3LATHICTb KNITUH, HeliponenTuaun.

METABOLIC COMPONENT OF COLD STRESS ADAPTATION IN IN VIVO AND IN VITRO EXPERIMENTS

Myrnyi V. H., Moisieieva N. M.

Abstract. The aim was to determine the protective potential of the synthetic neuropeptide dalargin as a met-
abolic and cytoprotective modulating agent and to analyze its effects at different levels of biological organization
—organismal (in vivo) and cellular (in vitro) — under conditions of cold stress. In animals, triglyceride and cholesterol
levels were measured after exposure to cold and administration of dalargin. In L929 fibroblast cultures, the mitotic
index and cell viability were assessed under cold stress and dalargin exposure using standard cytological methods.
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Administration of dalargin resulted in a significant (p<0.05) increase in triglyceride levels in animals subjected
to cold stress, while it had no effect on total cholesterol, which was reduced under chronic cold stress. In L929 fi-
broblast cultures, dalargin promoted stabilization of the mitotic index and maintained high cell viability, reducing
cold-induced disturbances of metabolic potential. The obtained data indicate a selective metabolic and cytopro-
tective effect of dalargin and its ability to correct disturbances in lipid metabolism and cellular activity during cold
stress.

The synthetic neuropeptide dalargin exhibits a pronounced regulatory effect on lipid metabolism and cellular
function, stabilizing cell viability under cold stress. These results confirm its promise as an effective biomodulator
of adaptive processes, with potential practical value for the pharmacological correction of the negative effects of
extreme temperatures.

Key words: cryobiology, cold stress, hypothermia, homeothermic animals, metabolism, lipid metabolism, mitotic
index, cell viability, neuropeptides.
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